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Table 1 Proximate analysis of raw material

T3 #T Proximate analysis/%

Tk
Species 7Ky Koy YRR ] 7 ik
Moisture Ash Volatile Fixed Carbon
JKH Rice straw 12 13 65 10
K JB Wood chips 15 0.76 70.2 14.04
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Fig.1 Equipment of closed compressing molding experiment
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Fig.2 Physical properties of different materials pellets
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Table 2 Arrangement and results of orthogonal experiment

N N B: ¥ : ks s i : PUisE s UG
) 'A:. YEE%HC . B: Tem:élr)iure/ C: CCom};I;;Jsive Y. lLoj::eJ dens%y/ YzYz:*glﬂ;tgtidrE Y)f Cj&girzfsge . Ya: hémﬁ
No. A: Mixing ratio C forces/MPa (g-cm'3) resistance/% strength/KN Y,: Water resistance/%
1 0.5:1 50 4.44 0.658 90.704 4.540 135.207
2 0.5:1 70 13.33 0.743 94.953 4715 107.661
3 0.5:1 90 22.22 0.806 97.950 4.810 82.304
4 0.5:1 110 31.11 0.826 98.276 4.800 64.647
5 1:1 50 13.33 0.727 96.098 4.750 232.278
6 1:1 70 4.44 0.688 91.771 4.720 147.904
7 1:1 90 31.11 0.811 97.855 4.815 129.028
8 1:1 110 22.22 0.760 97.967 4.765 131.922
9 1.5:1 50 22.22 0.778 96.956 4.735 283.903
10 1.5:1 70 31.11 0.827 98.753 4.825 224.301
11 1.5:1 90 4.44 0.660 94.265 4.725 184.361
12 1.5:1 110 13.33 0.717 97.288 4.785 148.788
13 2:1 50 31.11 0.802 96.225 4.765 319.837
14 2:1 70 22.22 0.779 97.742 4.750 290.135
15 2:1 90 13.33 0.722 97.788 4.785 263.804
16 2:1 110 4.44 0.663 96.291 4.755 163.504
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RS Tk ke, s S MmN G N IRAEL 1.5:
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5) LREIEYERESS Kb

JE 7 R0 T R B A ot 3 B2 O ik B Kt
JEBRFE MR, M H PAH 31.11Mpa K #efE. X TFPiis
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B
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Table 3 Physical properties of compressed fuel under three
factors four levels orthogonal experiment

52 K 2% Factors

EjzEan

Index A: WA B: Wi C: J&J)
A:Mixing  B: Temperature/  C: Compressive
ratio C forces/MPa
ki 0.758 0.741 0.667
. k 0.747 0.759 0.727
Yi: Al SE :
Y1: Loose density ks 0.745 0.750 0.781
/ . -3
(gem”) ks 0.742 0.741 0.817
R 0.017 0.018 0.149
ki 95.471 94.995 93.258
ks 95.923 95.805 96.532

Ya: PURESRSE
Y,: Shatter k3 96.815 96.965 97.654
resistance/%

k4 97.011 97.455 97.777
R 1.541 2.460 4.519
ki 4.716 4.698 4.685
. k 4.763 4.753 4.759
Yi: PUEREE :
Ys: Compressive k3 4.768 4.784 4.765
strength/KN
kq 4.764 4.776 4.801
R 0.051 0.086 0.116
ki 97.455 242.8306 157.744
ks 160.283 192.500 188.133

Yo PUBKIE

Y4: Water ks 210.338 164.874 197.066
resistance/%

k4 259.320 127.215 184.453

R 161.865 115.591 39.322
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FIRK; PUBAKMERESHA AN ABCy, SE D
e 7 5%, WRUEITS45ie, 2 S
RS EN ARG, 5EAN RIS EA 5 HA
ERAAE NS YL (RIRA S B RS 410 A1B2C4,
S N IEASRE P 2SR5, PR iR 4
) A4B4C4, S IEASIRI A 16 55 Pk
SR RGN A3B3C4, S AN IEASRE - IEE 11
SR PrBAKMERIRIS LN A3B3C4, S A IEASIA
s 7 5058 AT, R A R LK 4.
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Table 4 Results of verification test
FA sl PSR PR R VI
AT Loose Density/(g-cm™) Shatter resistance/% Compressive strength/KN Water resistance/%
Effect factors k%41 ZAL R Z 4l R4 Sl R4 B4
Treatment group Reference group Treatment group Reference group Treatment group Reference group Treatment group Reference group
A Lk Mixing ratio 0.5:1 0.5:1 2:1 2:1 1.5:1 1.5:1 1.5:1 1: 1
i 5% Temperature/C 70 70 110 110 90 90 90 90
£
31.11 13.33 31.11 4.44 31.11 4.44 31.11 31.11
Compressive forces/MPa
SRl
i 0.902 0.743 98.84 96.2911 4.76 4.725 109.128 129.028

Estimated value

& 4 w5, SR BRI B E REY LS
WALILT, PIIEAZ IR 45 R A5 LU IE .

3 & it

IR S B A PE i R v, JEURFAIR L 1) 2 DR g
B A i, L RE 1R Ak 2 5 ma AR ) TR 25 BL AN
BRI T7 o AN T AP B SEBR 2L F= R0, 51
THEIX— N, Wl R3], MX T KRR AT
IREL, IO TRIEI 12 1 IR A BRI RRE L AT 5
UF A ER R GE . W R A JRURHEEAT 1IEAS IR0 Bl 145 21
AN ) B 06T AN [ VS bs 1R AR BEAN ) o % T
Fash M S, KA. FFE, X THuimsE
HyURmEm S, KW KN, (2 THs
KT, IRA SRR FERS T 5 K TR A LR
FEFE 08 KT SR ) o 3 32 DR A A (1) 41 4 45
FIBONTRFS, BN, SibKIENK . ARG ISR T
XF TN [ 0 1 R b 1) e A 2 04 A O Tl sk RS n L e
WE, BP: XS FAasthas okl JRA . WL 1430
H: 0.5: 1. 70°C. 31.11MPa; Xf T-HUrEsm ki 7 5 4 -
AT 2:1. L 110°C 77 31.11 MPa; X FHUR i
KBk 1.5 1. 90°C. 31.11 MPa; %} T-Hii/K ik
vt 1.5: 1. 90°C. 31.11 MPa. X —&5i8%f sk
b= B EER 2R

(& % x #
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Hot pressing forming experiment of the rice straw and sawdust mixed
material

Tu Deyu'?, Li Anxin®, He Guisheng®
(1. School of Mechanical Engineering, Anhui University of Technology, Maanshan 243032, China,
2. Key Laboratory of Energy Resource Utilization, Ministry of Agriculture, Beijing 100081, China)

Abstract: The former result of cold pressing forming experiments for rice straw showed that the rice straw cold pellets had
poor quality. We found that wood chips had a high content of lignin which can take the function of the binder in high
temperature condition. To improve the quality of rice straw pellets, it was proposed to take some wood chips added to the rice
straw materials which could form the mixed raw material with the research carried out through the test method. We chose raw
straw material which was produced in the south area of Anhui, 2012 and wood processing plant residues - pine sawdust. The
equipment of closed compressing molding experiment were design by ourselves. Firstly, pellets’ physical properties (loose
density, shatter resistance, compressive forces and water resistance) were chosen as judgment criteria, and contrast hot pressing
forming experiments was carried out to investigate the effect of different materials(rice straw, wood chips and 1:1 blends of
rice straw and wood chips) on pellets. Two hours later after experiment, physical properties were tested, and the date were
analyzed by DESIGN EXPERTS.0 with the orthogonal design method of multi-index analysis-comprehensive balance. By
analyzing the results of contrast tests, we find that under lower compressive forces, the comprehensive physical (loose density,
shatter resistance and compressive forces properties) of 1:1 blend material pellets were better than rice straw pellets and wood
chips material pellets, and the results also indicated that added wood chips in the rice straw material can indeed improve the
quality of single rice straw material pellets. However, because of the structural feature of wood chips material, the 1:1 blends
of rice straw and wood chips material pellets were more weaker than rice straw and wood chips materials pellets in the respects
of water resistance physical property. In the actual production, one or more physical properties should be requested high based
on the specified use of pellets. Therefore, to further research the effect of blends on the quality of pellets, secondly, we take
mixing materials of rice straw and wood chips as research object, a set of orthogonal hot pressing forming experiment with
three factors and four levels were used to investigate the effect of compressive forces, mixing ratio and temperature on mixing
materials pellets. It aimed to respectively get the most significant effect factors and the reasonable combination of three
parameters (compressive forces, mixing ratio and temperature) for each pellets’ physical property and the result will testify by
test. The orthogonal experiment results indicated that each process parameter had different impact extent to various physical
properties. Indexes of loose density, shatter resistance and compressive strength were strongly correlated with compressive
force, and the mixing ratio has massive effect on the index of water resistance. The reasonable parameter combination for
water resistance and compressive strength: the mixing ratio was 1.5:1 and the temperature was 90°C and compressive strength
was 31.11 MPa. The reasonable parameter combination (mixing ratio, temperature and compressive forces) for loose density
was 0.5:1x70°Cx31.11 MPa, and for shatter resistance was 2:1x110°C*31.11 MPa. Third, in order to testified the orthogonal
experiment results, each reasonable parameter combination of physical property were text contrast with the reference group.
The contrast group for physical properties (loose density, shatter resistance, compressive forces and water resistance) were
respectively group two, group sixteen, group eleven, group seven. Other parameters of experiment were same as much as
possible. Two hours later after experiment, physical properties (loose density, shatter resistance, compressive forces and water
resistance) were tested and the date were analyzed. The result showed that each estimated value of treatment group are higher
than reference group value, so the orthogonal experiment results were testified. The conclusion can provide technical support
for industrialized production of rice straw molding fuel.

Key words: straw; density; temperature; rice; wood chips; hot pressing molding; parameter optimization



