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Table 1  Experimental variable identification, actual and coded values
IR Variable ACF Levels
-1 0 1

IR Temperature A/C 50 100 150
JERKSF Moisture BR% 8 16 24
EAHEE Velocity C/(mm*min™) 10 30 50
FE 7 Pressure D/AN 4 7 10
PR EET[E) Holding time E/s 10 30 50
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45 R % 7E WD-100KE %Y HL T 7 il I AL Lk 47,
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1.Top flange 2.Down flange 3.Bolt 4.Nut
5.Compression rod sleeve 6.Compression
rod 7.Heating tape 8.Thermo couple
9.Power line 10.Molding 11.Cylinder
base 12.Base
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Fig.1 Assembly drawing of compression molding experiment
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Table 2 Average of BBD experiment design variables and response

A St BE Mever H/E LLRERE
W5 A/ B c/ D/ E/ Relaxed ey(le]r d xﬂ Specific energy
No € % (mm°min”) kN s  density/ Meyer. ar vness/ consumption/
bem) N ke
1 50 16 50 7 30 910 14.22 30.47
2 50 16 30 4 30 817 7.38 24.39
3 50 16 30 10 30 928 13.96 34.46
4 50 16 30 7 50 901 13.97 27.98
5 50 16 30 7 10 889 9.38 31.74
6 50 16 10 7 30 896 12.41 31.36
7 50 8 30 7 30 929 8.07 32.64
8 50 24 30 7 30 561 0.41 17.64
9 100 24 30 10 30 780 7.74 13.23
10 100 24 30 7 10 749 6.48 11.06
11 100 8 30 7 10 1130 45.54 16.23
12 100 16 10 7 10 1055 36.64 14.09
13 100 16 30 7 30 1035 31.06 13.8
14 100 16 50 10 30 1055 364 14.37
15 100 16 30 10 10 1062 35.56 14.09
16 100 24 50 7 30 745 6.20 12.02
17 100 16 10 7 50 1052 29.08 13.14
18 100 16 30 4 50 1038 30.74 10.40
19 100 24 30 4 30 771 5.33 7.36
20 100 8 50 7 30 1153 43.68 16.79
21 100 8 30 4 30 1084 44.78 12.81
22 100 16 50 7 10 1053 34.13 12.82
23 100 8 30 10 30 1146 61.19 19.74
24 100 16 30 7 30 1013 25.78 13.32
25 100 16 30 7 30 982 28.21 11.15
26 100 8 30 7 50 1145 54.49 18.56
27 100 24 10 7 30 724 542 9.54
28 100 16 10 4 30 959 20.01 8.74
29 100 8 10 7 30 1130 50.8 17.08
30 100 16 30 7 30 994 26.40 10.80
31 100 16 30 7 30 995 25.57 11.27
32 100 16 50 7 50 994 20.11 10.50
33 100 24 30 7 50 772 5.51 10.29
34 100 16 30 10 50 983 23.00 12.06
35 100 16 30 4 10 952 16.98 9.30
36 100 16 50 4 30 958 17.12 10.69
37 100 16 10 10 30 972 26.64 11.95
38 100 16 30 7 30 970 27.20 10.46
39 150 16 30 7 50 1188 84.26 2242
40 150 16 30 10 30 1254 82.6 25.00
41 150 24 30 7 30 1200 67.22 24.03
42 150 16 10 7 30 1218 93.41 22.46
43 150 16 30 7 10 1189 80.25 21.93
44 150 8 30 7 30 1167 56.79 26.16
45 150 16 30 4 30 1131 66.87 18.98
46 150 16 50 7 30 1211 75.96 25.27
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Fig.2 Portion pictures of corn stover pellet
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Table 3 ANOVA of response variables
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FAStE R

B R 09338 09216  0.8319 38.700

Relaxed density

Meyer B ooty pucsiem 08851 08739
Meyer hardness

LhEERE
Specific energy B KR 09403 09328

consumptlon
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0.896 8 41.453
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Table 4 ANOVA of RDS, SEC and Meyer
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D 6.91 0.012 2 29.79 <0.0001 22,68 <0.000 1
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Process optimization of corn stover compression molding experiments based
on response surface method
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2. University of Chinese Academy of Sciences, Beijing, 100049, Chine; 3. College of Materials and Energy, South China A gricultural University,
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Abstract: The compression process parameters (preheating temperature, raw material moisture content, compression speed,
compression force, and the holding time etc.) have great influence on the energy consumption and product quality of
biomass pellet. Choosing the optimal parameters can improve the pellet quality, as well as reduce energy consumption of
molding. Meyer hardness is an important strength index, it reflects the solid’s ability to resist deformation. Meyer strength is
used to characterize the durability because it’s difficult to measure durability in a single pellet formation experiment with
standard method. Response surface method is an effective method of parameter optimization. In this research, we used a
five-factor BBD experimental design to determine the effects of the raw material moisture content (8%—-24%), the preheating
temperature (50-150 °C), compression speed (10-50 mm/min), compression force (51.0-127.4 MPa), the holding time (10—
50 s) to the three technical indicators (pellet relaxed density, Meyer hardness, and specific energy consumption). The result
showed that within the scope of selected experimental parameters, preheating temperature, material moisture content, and
compression force had a larger influence on the three technical indicators, while the impact of compression speed and the
holding time was relatively small. With preheating temperature going up from 50 C to 150 °C, pellet relaxed density and
Meyer hardness increased obviously. When preheating temperature was less than 100 °C, specific energy consumption
reduced with preheating temperature increasing. While preheating temperature was more than 100 “C, with increase of the
preheating temperature, specific energy consumption rose. With raw material moisture content going up from 8% to 24%,
pellet relaxed density, Meyer hardness and specific energy consumption decreased rapidly. With compression force going
up from 51.0 t0127.4 MPa, pellet relaxed density, Meyer hardness and specific energy consumption increased clearly.
ANOVA analysis was done with the original data, the model was optimized, and a response surface model was established.
Relaxed density was fitted with improved quadratic model. Meyer hardness was fitted with simplified quartic model, and
specific energy consumption was fitted with another improved quadratic model. Relaxed density, Meyer hardness and
specific energy consumption can be calculated through process parameters with the established model, which was used to
predict the experimental result. From the model, we concluded that preheating temperature interacted with raw material
moisture content. With preheating temperature and raw material moisture content going up, relaxed density and Meyer
hardness can remain the same. When preheating temperature was below 100 C, preheating temperature went up and raw
material moisture content went down. Specific energy consumption can remain the same. When preheating temperature was
above 100 °C, preheating temperature and raw material moisture content went up, specific energy consumption remained the
same. And that was consistent with bonding mechanism of moisture and lignin. Considering the existing biomass pellet fuel
standard, the relaxed density shouldnt be less than 1000 kg/m>. In the meantime, Meyer hardness can meet the practical
requirements. So the requirement of optimization was set as: relaxed density not less than 1000 kg/m®, minimize specific
energy consumption. The optimal process parameters were obtained from the model with Design Expert 8.0. The optimal
process parameters were: 4 kN (51.0 MPa) for pressure, 110.8 °C for temperature and 17% for moisture content. The
compression speed and the holding time had little effect on optimization results. Experiment was performed with the optimal
process parameters to validate the optimization of process parameters prediction. For relaxed density, Meyer hardness and
specific energy consumption relative error between measured and predicted, was 3.01%, 3.79%, 5.54%, respectively.
Prediction result was reliable and the model was validated.

Keywords: straw; optimization; fuels; compression; Meyer hardness



