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Optimization of Fermentation Conditions of Mixing Type Fixed Bed Reactor Using Cow
Manure as the Feedstock

Ma Ruxia Hong Yanhua Ai Shiqi Deng Bing Jia Jun Yan Lei Wang Weidong
1.College of Life Science and Technology Heilongjiang Bayi Agricultural University Daqing 163319

Abstract:Mixing type fixed bed reactor was built combining the Continuous Stirred Tank Reactor
The effects of total solid TS

CSTR and carbon fiber carrier .
carbon and nitrogen ratio C/N  temperature pH hydraulic retention time HRT and stirring speed
on biogas production were investigated using cow manure as the feedstock. According to the analysis of response surface method logy
and desirability function the optimum conditions for biogas yield was as follows materials density 8% hydraulic retention time 10 d

temperature 39 °C pH 7.5 carbon and nitrogen ratio 25:1. After model validation experimental and predictive value was consistent

and the test result and the relative deviation was 2.27%.
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° 25:1 4 25.30.35
response 40 C 120 r*min™
surface method RSM 30 ds
, 1.3.1.3 C/N
TS 8% pH 7.5
4 C/N  20:1.25:1,
7, 30:1  35:1 35°C 120 r*min™ 30 d,
1.3.1.4
S 8% pH 7.5 CIN
° 25:1 4 80.
100.120 150 remin™ 35 C 30 ds
1 1.3.1.5 pH
1.1 TS 8% C/N  25:1
4 pH 6.0.
6.5.7.0.7.5 8.0 35<C 120 r*min™
o -20 C - pH 30 ds
HORIBA pH 7.8 1.3.1.6 HRT
TS 17.89% VS TS 8% pH 7.5 C/N
16.95% Multi N/C 2100S 25:1 4 HRT 9.
TN 1.99% C/N  31.9:1, 15.21  27d HRT
35C
1.2 120 r-min™ 30 d.
1L 132
1L Design—-Expert 7.0
Geotech 4 5 CCD  Central composite de—
GA2000 Geotech Biogas Check sign TS.HRT. C/N
BS-1E °
BQ80S TS. Y1 Y2
TS X1 HRT X2 .C/N X3 X4
HRT,
X1 2%.4%.6%.8%.10% X2 4 d.10d.
1.3 16d.22d.28d X3  20.25.30.35.40 X4 25 C.
1.3.1 30 °C.35 C.40 C.45 C . -2.-1.0.+1,
1.3.1.1 TS +2 0
800 ml.,
4% 6% 8%  10% pH 75
C/N 251 4 1.
120 r*min™ Yi=bo+b X +b2X5 =b3X5 +b, X4 =b 12X X5 +b 13X X5 —
35C 30 d. b1 X X at+b 13X X 3= X X 4403 X 35Xy =b 1 X P =b X +b3:X 57+
° buXs 1
5 by b;by.bs.by b
1.3.1.2 bis b bxn bauby by by bz.by
TS 8% pH 7.5 C/N o 30
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24 6 17.73 mL-g™ TS 8% TS
o 33.00 mL-g™" . R*<0.000 1
° pH
Yl Y2 6.0~8.0 . TS
Design-Ex— -pH 75 TS 36.97 mL-g™,
pert 7.0 Desirability
N o o C/N TS
C/N  20:1  25:1
TS C/N  25:1 TS
° o TS
’ 30 C~35°C TS
37.25 mL-g™
2.1 °
2.1.1 TS HRT
1 TS HRT 15d TS o
TS 4% TS TS
1
Tablel  Single factor test results and variance test
TS / mL-g™ F p
17.73+£0.36
1% 0 2327068 153.43 <0.001
8 33.00+£0.94
10 30.71+0.83
6.5 34.36+0.71
ol 7.0 33.72+0.17 0.13 0.971
7.5 36.97+0.68
8.0 35.26+0.09
80 34.80+0.93
frpm 100 36.06+0.39 289 0.136
120 36.08+0.27
150 35.69+1.36
20:1 31.73+1.69
25:1 34.44+3.01
30:1 29.21:1.84 7 0.0%3
35:1 26.29+0.76
25 20.59+0.02
/C 30 37.25:0.74 106.47 <0.001
35 36.93+0.68
40 34.15+0.25
9 27.82+0.66
HRT/d 13 30.8421.83 1036 0.005
21 31.67+1.74
27 26.79+2.21

P<0.05 P<0.001

SPASS o TS N N
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. C/N
HRT . pH .
. 22.1
CCD 30
2.2 2,
TS X1 % HRT X2 d .C/N X3
4 TS.C/N. X4 C TS Yl mL-g"
HRT Y2 mL 2
. 3,
Y, =19.36 +2.5X, +0.17X, —0.86X; +0.45X, —
2 CCD

Table 2 Design matrix and results of central composite experiment design

TS
1% d IC /mL-g™ /mL

1 6 16 30 35 30.5 82.0
2 10 16 30 35 30.3 81.0
3 4 22 25 40 29.2 55.7
4 6 16 30 25 29.0 72.1

5 6 16 30 45 29.7 78.9
6 2 16 30 35 19.3 37.0
7 6 4 30 35 26.6 117.0
8 8 22 25 40 30.2 58.8
9 8 10 25 30 31.8 139.2
10 8 10 25 40 323 142.4
11 4 10 25 30 24.3 91.2
12 4 10 25 40 26.8 107.2
13 6 16 30 35 29.1 80.3

14 6 16 40 35 28.8 75.0
15 6 16 20 35 31.0 83.8
16 6 16 30 35 29.1 87.2
17 8 22 25 30 30.5 59.6
18 8 10 35 30 293 1232
19 8 10 35 40 30.1 128.3
20 6 16 30 35 28.2 68.6
21 6 16 30 35 29.1 76.5
22 4 10 35 40 24.3 91.2
23 8 22 35 40 29.5 56.7
24 4 22 35 30 23.5 39.3
25 6 16 30 35 30.2 80.9
26 6 28 30 35 26.5 42.4
27 8 22 35 30 29.5 56.7
28 4 10 35 30 233 84.8
29 4 22 35 40 26.5 48.0
30 4 22 25 30 27.2 50.1

0.72X X, +0.22X X5 -0.46X X, +7.5E -003X,X; - 0.011X,X, +0.011X:X, -1.09X* -0.64X," +0.18X5* +
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0.066X 2 o
Y, =79.25 +11.9X, -34.65X, -3.9X; +2.41X, - TS R* 09535
7.5X X, +0.37X X5 —1.83X X, +1.81X,X; —1.08X,X, — R? 0.966 80
0.23X:X,-5.5X *+12.17X,>-0.4X 7~ 1.37X 3 o TS
TS Adj R2 09101 09381
ANOVA 3 TS 91.01% TS
05314 0.1315 93.81% °
TS 4 Y1 X1 TS
3
Table 3 ANOVA of response surface quadratic model
F Prob>F
232.01 14 16.57 21.98 <0.001
11.31 15 0.75
TS 7.56 10 0.76 1.01 0.531 4
3.75 5 0.75
243.32 29
39 442.92 14 2817.35 32.38 <0.001
1 305.16 15 87.01
1 108.97 10 110.90 2.83 0.1315
196.19 5 39.24
40 748.08 29
4
Table 4 Regression coefficients and their significance level for response surface quadratic model
TS
Y, P Y, P
by 19.36 <0.001 79.25 <0.001
b, 2.50 <0.001 11.90 <0.001
b, 0.17 0.343 -34.65 <0.001
b, -0.86 0.002 -3.90 0.058
b, 0.45 0.022 2.41 0.224
bib, -0.72 0.004 -7.50 0.005
bib, -0.46 0.049 -1.83 0.444
bsby -0.01 0.959 -1.08 0.649
b? -1.09 <0.001 -5.50 0.007
b, -0.65 0.001 12.17 <0.001
by 0.18 0.282 -0.40 0.825
b 0.066 0.696 -1.37 0.452
P<0.05 P<0.001 ,
X3 X4 TS C/N 30, 35 C. 0 TS
X2 o X12 TS Y1 TS X1
X22 TS o HRT X2
o TS TS . TS HTR
TS o o b HRT 16 d. 35<C
TS I a C/N TS TS C/N
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° c HRT 16 d.C/N 30 TS 2.5, TS TS>
TS C/N> >HTR.
o 5 X1 Y2 X1 X2
C/N 30:1 35°C TS HRT TS
HRT 16 d 35C TS C/N TS b
HRT 16 d C/N30:1 TS TS c
1 TS

Fig. 1 The RSM plots of TS methane yield

X22 TS
5 c TS 6% .
o 2 o a HRT 16d
HRT 16 d. 35C TS o
C/N TS C/N 5 Y2
C/N TS HRT>TS>C/N> o
o b HRT 16d .C/N 30 2.3
HRT 16 d 35°C TS C/N
HRT 16 d  C/N 30:1 TS b
TS 6% HRT 16d C/N c o
2

Fig. 2 The RSM plots of methane yield per day

Design—Expert 7.0 Desirability Yi I~5 n
Y1l Y2 o Xi
X1.X2.X3 X4, Xi Yi 5.
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TS 4 3.
5 di
5
Table 5 The lower limit and upper limit values of the individual response of desirability
1% 4 8 1 1 3
/d 10 22 1 1 3
25 30 1 1 3
/C 30 40 1 1 3
TS /mL-g™ 5 50 1 1 5
/mL 20 500 1 1 4
3 d; D
Fig.3 Bar graph representing individual desirability of all response in correspondence with combined desirability D
D 3 TS di 0.367 9 el TS, .C/N.HRT.pH
di 0.128 0 di 13
1 D 0.230 1, Design-
Expert 7.0 Desirability TS
TS 8% HRT 10 d 39 C C/N 25:1, TS
[14]
2.4 pH TS
Khursheed.K
3 sl
TS °
3843 mL-g™! TS
188.2 mL C/N
2.27%: N
° COD TS
6.49% 35.37 °C C/N 25.36:11, TS
3
TS
C/N, TS 8% 39 °C C/N

25:1 HRT 10d
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