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Table 1 The basic properties of raw materials
B Ty HEREEES R
Dry matter Volatile solid pH
Materials

content/ % content/ %
4-2% Cow manure 23.5 92. 8(T#) 7.6
M5 IR Sludge 9.1 7.8 6.9
TRFEAT AW 96. 3 82. 4 8.1

Corn straw biochar

= " el
D
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| N[ = \
D I
A B @

A: ERAKBH; B: £5M; C: dHEME; D: REG

A: constant temperature water bath; B: gas cylinder; C: measuring cylinder; D: fermentation cylinder

Fig.1 Diagram of the experimental setup
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KR BEAE R H AR S A — B@W’ﬂ%‘%ié
PRI 2R B BT AT 9 LG VR 0 T ™ i 1Y) 5 )
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AR
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R JE Box-Behnken H.0#H & 347 3 A2 3 KR
BRI s B8 B W S T & TR B RN AR SRR
TW &l 3 PR RN RAE N AL &,
SR AB.C FoR.L—1.0.1 Fom 3 M HAE
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Fig. 2 Effects of biochar on anaerobic fermentation gas production
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Fig. 3 Effects of substrate concentration and temperature

on anaerobic fermentation gas production
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1E R R 58 FE Al b, 27T 6 Box-Be-
hnken I 5 , 350 % 1A B R 5KF 3R 2 s,
P25 R 2R S g0 25 2R W% 3. Fl FH Design-
Expert V 8.0.6. 1 84Xt 5£ 2 iyl 50 245 R i 17k
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TabLe 2 Factors and their levels used for Box-Behnken design

R % JKF Levels
Factors —1 0 1
FEAFEFF AW = (UL T & &:i1) Concentration of corn straw biochar (calculated by dry matter content) 6 8 10
K WEIRE Temperature/ C 35 40 45
2T W) % & i Dry matter content of cow manure/ % 6 8 10

38 X T BRI T O 2253 Hr . R 4 AT B R
FAH R 27.37.,P<C0. 0001, 2% 55 I 2 . i 25 #8037
F{E}0.20,P=0.894 KT 0.05, ZRANE &,
LA % R B 05 7 AR AR R R (5 B IR 25 RN AT

LA AR AL 20 B . B AL P R 2 R* = 0. 905 6,
PHEE P R B Ry = 0. 936 8, U B ma L {H
93. 68 Y0 K U5 T ir 1 P 22, Ul B 3 06 B 4l A 3L AT
A PR AL AR B A AR A b S e 3 ()
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Table 3 Factors combination and experiment results

RN R TORFEFF AW p e BE CLAT W B & =3 ) L FFET Y = PR E
Treatment Concentration of corn straw biochar Dry matter content of Gas
groups (calculated by dry matter content) Temperature cow manure production/mL
1 0 0 0 2409
2 0 1 -1 2302
3 0 1 1 2104
1 -1 1 0 2442
5 0 -1 -1 2091
6 1 1 0 2329
7 0 -1 1 2018
8 1 -1 0 2162
9 -1 0 -1 2392
10 1 0 -1 2084
11 0 0 0 2526
12 -1 0 1 2258
13 0 0 0 2019
14 0 0 0 2276
15 -1 -1 0 2429
16 0 0 0 2126
17 1 0 1 2034
x4 EEEBRFESH A, P AEZ R AR B A B X IR AR R
Table 4 Variance analysis of regression model B = SO B2 A BL.CLAC,CP R = S5k
F 2 P8 5 95 g E, HANEARE. h FAEK/AT
Variance  Sum of Mean F P 1 X TR AR K T2 5 T 5 55 19 I S B>A>>C, |
source saquares square R LB > T K R 52 vk BE > 4 36 T 90 R 4
T 435305.90 48367.33  27.37 0. 0001 e .
A 1304113 13041.13 7.38 0.0299 2.3 EEZEEBSF
B 14535.13  14535.13 8.22 0.0241° W4 1319 97 7, A i Design Expert8. 0 % {4
C 12012.50  12012.50 6. 80 0.0351° ST IR R TR0 7 452 % R T W7 TR 40 B % 4
A]Sj 6320.25  6320.25 3. ;)éj o.mo:;* S8 R, 2 R 22 50 AR P 7 A 1 2 2 Sy W AR L 32
W e e ne o PRKEAERURSRRS RN LE,
AZ 84811.39 84811.39  47.99 0.0002" * [ 4 FTA ’Eﬁ%ﬁggi*%ﬂﬁ%%ﬁiﬁ o7
B? 241365.60 241365.60  136.56 0.0001" ﬁ\%%%ﬁ@%?ﬁ)}f'—?%ﬂﬁ%bﬂ?ﬁ%ﬁ%ﬂ[%'az'zfj'ﬂ
c 11682.76  11682.76 6. 61 0. 0370 T SH I 5 OK B RO AL 210 T« R
wr e e 7 PR L4 AT IR 1038 0 1 R FE 5
e 4l 1586.75  528.92 0. 20 0. 8940 (2 AU
- 1078520 2696, 30 ) ) FFERY T & m TS R R P
MR 447677.90 _ _ _ BEH R IR AR K B SBOR W52 ) | 8] 5 RTA, 7

B

oo iwm  CCRBER S T AR R KRR 5

W FEom P<<0.05 2R EE,

AN T e S B GG B R B 208 B

Note: * indicates that there is a significant difference in P<C j(’f_ﬁ}a N /iaz% @fb Lj\ ?ﬁ(% er B ﬂé *,ﬂ:.: *:I: ﬁ {ZQ E i
indicates that there is a significant difference in j][];iij][] ﬁ!?_g s ﬁ /%“ &= I}ﬁ % {;{Q E E/‘J i j]n = ! /H%ii T

0.05,*"
P<0.01
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Fig. 4 Response surface and contour of the interaction between temperature and straw biochar
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Fig. 5 Response surface and contour of the interaction between cow manure and straw biochar
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Fig. 6 Response surface and contour of the interaction between cow manure and fermentation temperature
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Abstract: In order to improve the biogas yield, response surface methodology was used to optimize the parame-
ters of anaerobic fermentation. Based on Box-Behnken central combination experiment design, the effects of fer-
mentation temperature, total solid concentration and biochar dosage on biogas yields were studied. The relevant
mathematical model was established and validated by experiments. The results showed that the effects of three
factors on the biogas yield were all significant. The optimum conditions were: fermentation temperature 40 C,
total solid concentration 8. 7% ,and corn straw carbon 7. 8%. The average biogas yield reached 2 544 mL under
the optimal condition and the deviation between predicted value and experimental biogas yield 2 451 mL was
3.8%. It was proved that the model can be used to predict the biogas yield of biochar-cow manure by anaerobic
fermentation.

Keywords: corn straw; biochar; cow manure; anaerobic fermentation; parameter optimization
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