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Study on biogas production by thermophilic solid-state
fermentation from steam exploded corn stalk
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Abstract Biogas production by submerged culture and the physical, chemical, biological pretreatment of
stalk have encountered with some key problems, such as low efficiency and serious pollution. Based on it, steam
explosion pretreatment method and solid-state fermentation have been researched in biogas production from corn
stalk. After steam explosion pretreatment, methane yield from corn stalk reached 138.2 mL/g TS, at thermophi-
lic condition of 50 °C , by solid-state fermentation. With the single factor experimental optimization, the optimal
conditions obtained were as follows: 1:7 of solid-liquid ratio, 7.5 of initial pH, 35% of inoculum size ,0. 04 g of
NH,HCO, addition per gram dry steam exploded corn stalk, 30 IU of cellulase addition per gram dry steam ex-
ploded corn stalk and 50 °C of fermentation temperature. Under the above controlled experimental conditions, the
methane yield of steam exploded corn stalk was high up to 153.0 mL/g TS, which was 2.9 times of that with no
steam explosion pretreatment. The degradation rate of cellulose and hemicellulose after fermentation was 59. 86%
and 67.22% , respectively. Therefore, steam explosion pretreatment help improve the biogas production of corn
stalk effectively with high degradation rate. Thermophilic solid-state fermentation could shorten the lag phase,
enhance the biogas production efficiency. Meantime, the fermentation process produces less wastewater, which is
friendly to the environment.
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Fig. 1  Effect on components of steam exploded stalk

pretreated at saturated vapor pressure of 1.3 MPa
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Table 1 Methane yield from different steam exploded stalk 2(5)8:
600F
TURAAE _550F
. 2
HIRIZKZEVR HOFIIK 2805 1 R 4 2 e it 1 400k
R i - L/g TS T 350F
JEJ) I i i g, (meTs % 300
(MPa) (C) (min) we 250
8% 200
- - - 0 39.6 ok
1.3 195 3 1483 45.4 58-
1.3 195 5 2472 78.4 1 A , , , , ,
1.3 195 6 2 967 91.0 0 5 10 15 20 25 30
I l)(d)
1.3 195 8 3955 116.2
o o N e 4 TR I8 L X T B 2 0
' ' j ’ Fig.4 Effect on biogas fermentation at different s: 1
1.5 201.3 5 3894  121.8
1.5 201.3 6 4672 138.2
1.5 201.3 8 6 230 132.4 1:7 B Ay 146.3 mL/g TS F17.56 mL/(g VSS - d) 42

AL B EE R R R, AT AT, B YO SR A 3G
Heer-s ok L2 LT las, SRERMER
1.5 MPa x 6 min B} ik | i K{H 138.2 mL/g TS, {H
PRI — T m e TR T . Ko,
AR 5 Aok B R AR R M S TR R Y 4 B
oy 3 R0 RS Wy ] Ko Mk, {EL ) ) s B 2T 4 3 ORI
fiff ol BRI TR A AR MR S R, T SR E Y
AR 2 ERABR . WL, KEppmHLmE
EW) R BR A v O BE R R W OR M. T DL,
1.5 MPa x 6 min k5 FF 8 SR B 09 S AR TR 25
2.3 RERTABISHNEZGRK

WAL — MR =B o 2, i
ZHAEY R R 2 5 AR B Z 2T 5B
BE ). B, ARWFGE AT T B B R0 iR pH
R RUR £F 4 2 B RN & IR R VR R R
M) F B PR 2R S O, F T VRO RS AT T AROR B Y S I
A
2.3.1 REBERIKBELEG A

T & B I R 0 R 2 Ve R 0 S T R 5 [ At 1
R B RS R - MR EENHE
R LE T R TERE S WUR] T 3l A0 SRR . [ E R
o W Bl B A R RIS 0 A R S i R R, HL
BRI AU B 2 B T2, R AR 2 B R h
PG [ A AR, T T A A v g, e A
K R TR, B4 T A B AR o A [ R B (52 1)
YRR KRR R, E 4 FiR .

FH & 4 AT, [RGB R TR R T K
ATy, PERIA e, BREREA . MEW L
J1: 8 B, G i A B R R B B i KA
148.0 mL/g TS f17.65 mL/(g VSS « d) , {H A %f T

AN . R 1T SRR L, TR AT
VR TG WA 3G N, I B A I 3 o A A /D i
K BEARIE T 90 5% | RE & R0 IR A9 OE AL, SOE
TR W HE TR
2.3.2 FRE#4 pH B ALY A
o T SR T2 2 PP A [ R E B IR

L [5] 2 5 A0 T W [R) 58 BRI, T A T) B A 9 AR Y
5 pH WAFAE 25 5, Horh ™= W GE 1R % 2B A2 PR B8 1Y) pH
BUOR B M UR . BT H AR L RBAE 6.5 ~
7.5 X —BRAE () pH JE N A AENGTE, T — ML
rh O B e TR A R R T 2 /N T KRR TR T R TR
PRI A 7 B e 181 7™ A 1 4 R TR 2 SR TG 2 4 S Bt )
K% 7 B e TR AR B 0 R T B IR L S 3k
AW A S AT . LR e H T AN pH AR
FB R KB WIAG S5 P RS R ANEL S s .

700f

650

600F

550F

~ 500F
2 450}

Piibt

& 400F
;Ej 350
3 300F
& 250f
B 200f
150f
100f
s0F

0

-50k . \ \ . . |

0 5 10 15 20 25 30
BaE)(d)

5 RIEBIUG pH A IR UK BE R
Fig.5 Effect on biogas fermentation at different initial pH

HIEL S Al B ds pH O 5.5 wF, i IR A pH
7 R B AE — TR L 32 B T R A UGk I AR



1568 HoBR T

%2 %

o

B, 7 e 0 PR TG VR R, B AR IE R T
o BEEWIMG pH W FH e, 7 SRR IR B W i ke, R
BUZSR B WA, Muts pH FAm 2 7.5 B, H
ot 7= i iA B KAH 145. 8 mL/g TS, [ 7= 64 35 3|
7.54 mL/(g VSS - d), Wi ¥ 4& pH & 8.0 B} f= < &
W46 T R o BRI, B 0 VRO A 1V AR I 1) B A
With pH N 7.5,
2.3.3 RRAEMNEXNBALENT A

TE A I b i v e ol i TR e T SE R T IS )
AR E LR, — R, & 2R i
K, R EIER AW 46 7, AR B Wit & . T
(i 725 6 T PO AR s, Bl 2B DA T A 0 R A AR %
B IR 0 WSO 7 0 10 43 WA TE 25 AL R = AN 34 )
B, T R EER NI A) o A R T B i —
e < 10% AS[A), [ 25 & B i T o6 B sh RE I RE 1 55
RTINZENE Sl T 4R R WO IS B I 4 il i — i)
BLIKF) 20% ~30% A REWE A2 IEH KB, A [A] 42
HOREBE R AR AR B WA E 6 Fis.

r—=—15%
—0—20%
L —a—25%
——30%
| ——35%
—— 40%

,,,,,,
>

AAAAAAAAAAAA

.......

e T T T o 1
rHEId)
Bl 6 S [A] 2 A VAR AR B R T
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Table 2 Degradation rate of components

of fermentation residue (%)
i 4 % LR %
B REERT KR KRR RN RMEE R
JE R AT 37.47 30.54 18.49 34.26 26.54 22.53
RIRFE A 40.53 16.27 59.86 15.04 4.93 67.22
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< d) RARVUBRREATAY 2.4 5. 0 K W Bk Y
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67.22% ,JERIERGFFY 3 A5 PRI, 08 AL B
XF T UK T I T R A A 7 A i R R A ]
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