30 5 Vol.30 No.5

2014 3 Transactions of the Chinese Society of Agricultural Engineering Mar. 2014 185
1 1 1 2
1. 110866 2. 250012
pH 4
1 1 pH 7.5 50% 30
1851 L 4 pH
5%

doi  10.3969/.issn.1002-6819.2014.05.024
TK6 S216.4 A 1002-6819(2014)-05-0185-08
[J]. 2014 30(5)
185 192.

Li Yi, Liu Yuqiu, Zhang Zhen, et al. Optimization of anaerobic fermentation with mixed materials of corn straw and
pig manure[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2014,
30(5): 185 192. (in Chinese with English abstract)

[16]
(1] [17]

pH
(3] [4] 4
(5] [19]
[6] [20]
(7]
1
o 3.7
o) [10] 1.1
[11] 1
[12] 2
[13]
[14]
[15]
3
2013-07-23 2014-01-06
2010BAC67B03 5
1967
110866 Email yilisyau2000@163.com 1
1963 1.2

250012 Email yiweiming@sdut.edu.cn



186 2014

pH [24]
1
Table 1 Components and contents of experimental materials
Materials Total solid/%
Corn straw 73.41 [25]
Pig Manure 31.17
Inoculum 22.99
DPS
Note: Inoculum indicates the fermented pig manure [26]
4 2
pH
2.1
pH
[21]
22
[22] 3
3
Table 3 Matix of parameters in orthogonal rotation regression
analysis
- 20 28
Y
pH 6.5 Xi EIPI/alue X3 X4 Biogas
7.5 - Number Corn straw p X Inoculum Temperature production/L
/pig manure ? percentage
ratio
10 1 1 1 1 1 4.837
50% 2 1 1 -1 -1 4.070
3 1 -1 1 -1 7.277
4 1 -1 -1 1 5.248
3 1 000 mL
5 -1 1 1 -1 12.509
45d
6 -1 1 -1 1 7.227
7 -1 -1 1 1 4.617
8 -1 -1 -1 -1 7.704
9 —1.682 0 0 0 5.970
pH 2 10 1.682 0 0 0 5.749
5 11 0 -1.682 0 0 5.056
. 12 0 1.682 0 0 5.992
Table 2 Experimental factors and levels
13 0 0 —1.682 0 5.361
pH X « X, 14 0 0 1.682 0 7.422
1 3
H val Temperature 1 —1.682 .
Factor  Level Corn straw/pig p )\(/a ue Inoculum b 5 0 0 0 68 5806
code  manure ratio ? percentage/% 16 0 0 0 1.682 6.468
+1.682 3:1 7.5 50 30 17 0 0 0 0 3883
18 0 0 0 0 4.002
+1 2.6:1 7.3 42 28
19 0 0 0 0 4318
0 2:1 7 30 25
20 0 0 0 0 4.642
-1 1.4:1 6.7 18 22
21 0 0 0 0 4.518
—1.682 1:1 6.5 10 20
22 0 0 0 0 4.269
23 0 0 0 0 4.377

1.3
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pH X X
0 X3 X 0
Y =4.338198-0.853174X,+0.413626X,+ 0
0.594329X5—0.698181 X4+0.500836X12+
0.417397X22+0.721984X32+0.699887X427 1
1.386250X;X;~0.006750X, X5+0.881250X X4 X, X X X
Y L X
X H X 1 % X P
2 p 3 0 4 XIXZ X1X4
X1X3
2.2
F
[27] !
1
4
=+ R KFEFF 55428 B R L Mass ratio of corn straw to pig manure
4 = pH{ff pHvalue  -¥ #EFPHTE 4 Amount of inoculum
Table 4 Variance analysis of regression equation -e- JEJ Temperature
' F p 8000 -
iz?ir:t?o?lf Qu;?;?m dl;;Ze Mean square F value P value 7000
= 6000 |
X1 6.4398 1 6.4398 5.7387 0.0355 g 5000 |
g
Xa 1.5363 1 1.5363 13691  0.2667 %ﬁ 2 4000l
X3 3.8089 1 3.8089 3.3942 0.0925 =R E
5 3000 |
Xy 3.8635 1 3.8635 3.4429 0.0905 s 2000 L
X12 3.5924 1 3.5924 3.2013 0.1011 1000 L
Xo? 22265 1 22265 19841  0.1866 N
X3? 6.4249 1 6.4249 5.7254 0.0357 -1.6820 -1.0000 0 1.0000 1.6820
X2 4.9678 1 49678 44270 0.0592 P 243K T Code level
XXz 12.0417 1 12.0417 10.5345 0.0085
X1 X3 0.0028 1 00028  0.0003  1.0608 ) 1 ) , )
XX, 49477 | 49477 42573 0.0691 Fig.1 Relationship betwe.en single factor and biogas
production
729411 11 6.6310 F,=5.66605 0.0038 1
12.8734 11 1.1703
12.2333 5 2.2447 F=5.44445 1.0003
2.4737 6 0.4123
85.8145 22
R R= / =0.84999 R
RO.OI 5,11 =0.821 P 0.01
F1=5.44445
F0,01(5,6):8.75 F2:566605 F0_01(1 1 ,1 1):446 pH
pH
[28]
4
[29]
Y =4.338198-0.853174X,+0.594329X5—
0.698181X,4+0.721984X:>+0.699887X,*~ 2 2.4

1.386250X;X,+0.881250X,X4

2.3

DPS 4
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pH
1
1.682 26 1 5 6
3 1 pH 1 1.682 pH
73 1.5 5% F Fo.o1
3a [30]
3
3b 1 4
-1.682 -1
1 1 14 1 R 0.84999 Ryo 5,11
-1.682 -1 20 22 =0.821
pH 4
2.5
4
DPS
pH
Xy -1.682 X; 1.682 X5 1.682 X4 1.682 pH
1 1 pH 7.5 50% pH pH
30 1851 L 3
2
1 1
2.6 pH 7.5 50% 30
18.51 L
3
5 6
5
Table 5 Levels of experimental factors for the model test 5% F Foor
X1 * pgvall):z: X4
Number  Corn straw/pig manure Temperature P Inoculum
ratio percetage [ ]
1 1.682 1 0 0 [1]
2 0 0 1682 ! 1. 2006(11) 22
3 0 1 0 1.682
27.
6 Qian Yunchao, Qi Zheshi, Pan Mushui, et al.
Table 6  Variance analysis of predicted value and obseved Development progress a?nd cultrent s1.tuat10n analysis of
value of biogas production the rural household biogas in China[J]. Guangdong
F Agricultural Science, 2006(11): 22 27. (in Chinese with
Test observed Predicted Fractional E val Critical value English abstract)
CSLEIOUP Value/  Value/L error value of F value 2]
1 2.71 2.82 0.03901 30.25 [7. 2009
2 7.51 7.38 0.01762  42.25 Foor(1,2)=
: ’ : : 98.49 25(2) 188 193.
3 5.85 5.97 0.02010 9
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Optimization of anaerobic fermentation with mixed materials of corn
straw and pig manure

Li Yi*, Liu Yugiu®, Zhang Zhen®, Yi Weiming?
(1. Engineering College, Shenyang Agricultural University, Shenyang 110866, China;
2. Department of Engineering, Shandong University of Technology, Zibo 250012, China)

Abstract: Rural household biogas fermentation materials are mainly manure in China. Biogas plants cannot run
steadily due to shortage of manure. Straw are rich in China, and anaerobic fermentation with mixed materials of
corn straw and pig manure can be used to supplement fermentation materials. Thus it is important to study on
optimization of mixed material of corn straw and pig manure. In this study, we conducted the experiments through
the earlier single factor test. Quadratic regression orthogonal rotating combination design was adopted and the
whole gas production was taken as the response value. Effects of four factors on anaerobic fermentation were
analyzed. These four factors included ratio of corn straw and pig manure, temperature, pH, and ratio of inoculum
and quality of raw fermentation material. The mathematical model for mixed fermentation of corn straw and pig
manure was developed. The regression equation was optimized and analyzed when the optimum conditions and
interactive effects were exposed. The optimum conditions for mixed-fermentation were determined as follows: the
ratio of corn straw to pig manure was 1, pH value was 7.5, the ratio of inoculum volume and quality of raw
fermentation material was 50%, the temperature was 30 , and biogas production obtained is 18.51 L. The order
of the influence of four factors on mixed-fermentation of corn straw and pig manure was: ratio of corn straw and
pig manure, temperature, ratio of corn straw and pig manure, and pH value. Comparing with interactive effects of
corn straw and pig manure raw material ratio, pH, raw material ratio and temperature on biogas yield including
corn straw and pig manure raw material ratio and inoculum volume, pH and inoculum volume, pH and
temperature, the effect of inoculum volume and temperature was not significant. During the optimum biogas
production process in this experiment, the relative error of gas production between model prediction and
experiment measurement was less than 5%. This study is expected to provide references for improving biogas
production and fermentation efficiency of mixed material of corn straw and pig manure.

Key words: biogas; straw; fermentation; manures; optimization



