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B R E PR AR T (B2 2 BUR N e b HEE ) T
Ko XA R 03 Ak S A4 2R | O 16 3 B 1) 422 b L
BIARA LB, Ry itk — 2L WB 5 0 EOKFS T (maize
straw silages , MSS) i R 407 16 2 5, 7 SCHE T WA A
GESLA L, PSRRI R BRI S RS AL L
NGE R RRIESE AR B, 258 B 56N [ P 03 I &
KFGFF 5 4 2R 5 DA A S0 T 52, i
i 6 L R o, DU RS AR A T AR R
TR LR AL R AR KR

1 3£ 1§

1.1 iR

i TORFEFFHCH H A e v 8, K AR L
FORTER RAFEERS AT, DI 2 1~2 om J5 52 BIZEFT
S A W, AN 240 do B HUA
LIPS I N o R 9 R B U]
R AR RS I AGE fif A= 2 (Bt L 1:10)
R YL 15 d BIFHE Y . RAETH LR

R 1000 g0 A FEA MSS HYR A TS (R
MEFEY) B o 7:3%, T BRI AR Ik 2
Jis, HERHE AMK Z 1000 g0 & AR R 110 6 [ 44 vk
J& (total solid, TS) 4 10% , ¥ 4f pH R 7.5, W&
BRI 20% (1 41) . 25% (11 41) F1 30%
(IMZH)3 AR EE, 3 AN b B Y C/N {EH R 26.38,
Xf BEZH FUI A= SR AP Y o R AR PR AR 3 TR
52,37 CPl &I . RO RFEIR 3 WK, TH Ak
FEH BRI 1k R 2 LR THE NI
S R FRIN 2 SR FHAHEK B o A K R B pH
(B MG R S, T EI R 4 d BOREIN & Ak 2 T
A i (chemicals oxygen demand, COD) 4 & 1% B Wi
iz (volatile fatty acids, VFAs) 1 2 2 Al (ammonia
nitrogen, NHj-N)ZFZ40, KGN, 43 & H5 I
FEAT R WAk , 105 CHETE 8 5 T Tk 2= 4173 #l
S5 I
F2 REHWERBRMAZR

Table 2 Addition program of anaerobic digestion feedstocks

RSB 1 R 2199 HIAEF /g 3/ /g
£1 FEEELERMSESHY 4 146.89 342.70 200.00
Table 1 ~ Characteristic parameters of anaerobic digestion 4 146.09 340.83 250.00
feedstock Il 145.29 338.95 300.00
B4 2 s .
ke BEIEEREEE  BREE |, aaps
(TS)/% (VS)/% C/N
L REFF 19.82+0.01 14.88+0.00 124005 HPE PR IR 2T 4E (neutral detergent fiber, NDF) (iR
HA A .0ZEV. NelolanVA +U. N " s
o 20.06:0.02  17.9950.01 420,03 Ve AT 4 (acid detergent fiber, ADF) FFR 4 Pk 14
%% .060. .99=0. +0. . e
TR 5 0940.00 L0740.00 AR % (acid detergent lignin, ADL) I % 2% FH {37
MER(VEES .09+0. .07+0. —

12 UEF5EF

TDL-5-A B.OHL( iR R4 ) ; HH-8
o R KR (EAER SR A RS A ) GZX-
9240MBE %5 It 5 AU T 48 (1 Vg 1 iR Sl A7 BR 2
A]) 3 UV-9200 2840 AT UL 43560 BE i (A 5 S A 43 B
AR ] 5 GCOT0I A (A (T VAR ST 43 BT AY
A B2 A ) 5 Biogascheck ¥H R 43 BT A (e
Geotech 23 1] ) ; JSM5600LV #4145 ( H A JEOL 2>
Al ) s DIMAX-2004 3 A X B A7 G4 ( B AR B4y
Al

1.3 REEKIREEIT
AWGER 1.5 L & B gt R & 1k,

Wik, 4F 4 2 (cellulose, CL) i 5 4> %% &y ADF F
ADL 22, £ 41 4k % (hemicellulose , HC) JFi & /774X
i NDF Fll ADF Z 2% . ¥ & P [E 1A (volatile solids,
VS)FI TS I Sk HHE T35, Hodr TS 25 105 CHERE
24 h, VS i 550 CRIBE 4 ho JHSK S H Biogas check
THA T E . pH {EH B Ak PHS3C AU #E
pH THIE ; VFAs M H 430606 5 COD e F
BERRAI ; NHY - N AR v R Ltk 254
FEPE R A 58 (scanning electron microscope,
SEM)FI X AT (X-ray differaction, XRD).

15 %itAE
I IE ] SPSS ARAFAL 3T, B 57Kl 95%0T
P<0.05 , Vi IRIESe i # A g A
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2.1 BEMEXNEZEBRHESEHNEIT
211 KPR pH H

WE 1 s, A BRI N 3 ANk B 1Y
pH {HYIFE 6.5~7.5 Wik s, SR 2 FBE—FF—
EFIF—TFB—FR— LT REG R B
(0~5d),3 MCFRZ I pH (XA B F R, o2& T
e T 01 1 Ak 7K A A B 7 DL 7 2 1R T R
R R T R ™ B e TR % R B L
R BT EC, T, 2 R pH A ) % R 6
TR, 3R PR e e i R A R R v e T A
PR R MR 77 R o A (R A
MUBRRAL A shai . 25 pH (ERSE — B[R] 3%
Wi T 5 (10~20 d) , H I 2H T fe b, Bo i 7= B doe o
B T IR, AW IR A HLRR 55 v 8] =4 A
BCPLH e R TR R KT (20~45 d)
PR BB B, MR R AR R v i R R
PEYI T ( NH; - N 48 ) 4bF3h A A, i pH {ERS 2 F
6.8~7.0 PN, [ E 7K A i T S oy A7 B e Jz ot 35 %)
I R AR TR R SO R YIR A R
AR B XT VEAs FLEA — 2 MWRe . &k
1% )5 309 (45~62 ) THAL IR pH % #i Tt , X AT g
2 R Ry N S 8 ) v B 3 4 5 A i T
FE , K f TR AL 1 R 2 1T ™ FEY o 7T 1) 5 0 0 0 12
5%Ens , ANWHHFEA HLER , (F pH (EF+ .

7.8
—a— [ 41(20%)

—— [[4H(25%)

——[1I14H(30%) ¢

7.6

6'40 4 8 12162024 28 3236 40 44 48 52 56 60

I Al /d
Bl WA REWN R pHAE ARk

Fig. 1 Changes of pH value during anaerobic co-digestion
212 KEERHERTERRITRR (VEAs) B e B

VFAs A R EZE R, &
WRIE VEAs 230 DA E i P, fF pH (EREAIR,

HETE VR A i 2 R EOH A R R, anfE 2
Jn, VEAs W SR 2 B — T BE—FR7 A8
fbta#, RV, ZRIA S SH F 5 ERY
B, A R R AR T AR R B LS KBRS
Bl M R TE K A L AR B R N O R A5 /Ny T A L
Yy = 0™ R v 1 AR B R IR, VEAs YR
AW R IR B e (E . B REETH I, R ER S
P2 AR ™ FRBE DA TR R E R L35 BNy A DL e
b HGE R CO., VFAs YR BERESE T R, & 30 d
Jei PR 7 B o A AR RN S TP, VEAs TR AR
SETERARIK, 29 10 o/l MR 2 80T & W 3R
FE 4 i, VEAs 1R AR XT3, 3% F2 22 55 B A
I8 B K VEAs FAS R BERE A 6, 15
i Lo ey, ™ FRBE B R BR 5 ARIRT T VFASs
7 R e G R A, TR T ALY VFAs 6 R 2%
TR T A,

36
- —— [ 4(20%)
2 —a— [ 41(25%)
£0 —o— [IZH(30%)
2
=
=

FERMEART,

6

0 6 1014 18222630 34 38 42 46 50 54 58 62
I fil/d
K2 RARANN TR B VEAs 1281k
Fig.2 Changes of total volatile fat acids (VFAs) during

anaerobic co-digestion

2.1.3 KB COD JRH

e P 3 AT, A A ik FE v, 3 /S b 32 1Y
COD ¥ 258 LIS PR, —Jrim, K
W COD MM m AR SR AL A S
TH FE 1 - iy 25 VI AH G o 78 7K A 7= R B B, K % 1
A LT 7= AR R KT L FE R, COD R E
T3 7K A 7= 1R By B Ry = W ot o BE R, KA
BLJTE 1 7 A5 ORI T HE FE %, COD R E R
TR S5 — 7T B R R R IR R A T
T 0 R S0 AR T SR, R A SRR AR A IS
) COD ¥ B, BU& B ) A T4 v COD ¥k B 1R 241K
T IAMIAH.
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40 - —— 1 2H(20%)
—e— [ 41(25%)
—<—IIT4H(30%)

0 6 1014182226303438424650545862
i ) /d
K3 RE KA R P e i (COD) A f
Fig. 3 Changes of chemicals oxygen demand (COD) during

anaerobic co-digestion

2.1.4 KW NH;-N R

TH AL A 2 R — B DL 2 (NHL) R 5
L (NH,) X 2 BB UAE A, 38 X IR 4800 b B g #4F
A HIE R, L s AR S pH A & K% YA
Koo WK 4 FrR,3 ASAEFEZE A NH - N R &
sl LIS UL Rl R i S A A LY
R fift 26 1 NH - N AR, IR L — & R B340,
R A A 22 ] i Bk B ¥ 1] (1500~3000
mg/L) , 0] LT Ak ik R v i DR AU A 0 B R RE D3 TR
R AEARHE AR B K. — L B
B FE R HE A AT NHG - NS R s A= i, 3 mT RE 2
A TR AT AL R R NHG - N B R LA
QA PR B 3 A RN 5 T 35, BT DA 26 v NH - N
VA G e LA 2 4

14000 1 4H(20%)

1200 —& [T4(25%)
—o- TMI44(30%)

00 6 10 141822263034 38 4246 50 54 58 62
i 1) /d
K4 RAEREHMMLREPESECNH-N )AL

Fig. 4 Changes of NH} - N during anaerobic co-digestion

22 EMEXMNEAFSESENFN
s, T4 DAl Ml 4% 3 A BA

K2 AR Y BB R 4 i Dl 413512362,
17039 mL, R HLi i~ 1632.3906 F1 5989 mL,
A =S 2 T 4L 402 5 4 i 1.38
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5, U W42 R A B0 4 PR RO R . X
D] Sy T3] 25 T 1 A 2R vl ) e o v, DR ALK IR T
AP ERFECRE B Z SR YA LT il LR
KA R T E % 2 DS W 1 B i e Ak e R T
77 H G BT M R B R, DT B T IE AR R

e bt
18
—— 1 4H(20%)
16 & 114125%)
14} —o—I41(30%)
22 F
1)
10
i 8
w6
4
2
P59 1317212529 33 3741 4549 53 57 61
I f/d
N ST
7 -
—— 1 2(20%)
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= 5F
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Fig. 5 Accumulated biogas production and accumulated

methane production during anaerobic co-digestion
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Table 3 Comparison of biogas-producing characteristics in

different inoculum concents

I [4(20%) M#(25%) MM#(30%)

H #7dt/mL 66.69" 199.38" 274.82°
TS/

P 40.20° 120.79" 167.33¢
mL- (g TS)™
VS =R

UK 51.97° 15517 213.55°
mL'(gTS)_l
TS = g/

7 ’E% 15.87° 38.17" 58.82°
mL'(g TS)™
VS = e %

PR 20.51° 49.03" 75.06°
mL- (g TS)™

VE AT AN PR R AL 5 .35 (P < 0.05) .
23 BREBIENARTERASSTELR

Hi & 6 AAL, 5 E0RHE I FROKR RS FFAR L, & 8%
SEEURT 3 A Ab B v ) S AT A 4 2R T S 500
TRET 20.65%( 1 2H) 21.64%( 141)H127.319%(M4H),
AL AR R T 31.46% (1 41) .39.72%
(T4 1 49.77% () , 3X 2 FhEf 24 o310 K it
P P D SR W A R ik, DU 2 4 3R R i
FIFH AN, i — D EHIE TR P e R T S T4
PRAAIAE Y TR RN AR W . 59— T, AR
FARMERIR A g A, SR, T4
I 2R 4y B FH i T 8.51% i 7.78% , T 4 W g T
4.41% ,3 MR AR B

900 (iR ST B AR
w |BEUER LERAS i
& 757 s
i R
60 3 N
= )
& B %
S 4 §§: %
£ 50 5 :
& N N
o NS N%
= s g N
¥

[=]

[ #H(20%) 114H(25%) 1114
Ko DREHALHIG A AR BIET4E R 40 LA
Fig. 6  Comparison of lignocellulose contents of MSS before

and after anaerobic co-digestion

24 FEFHRKHLEHNERFEILR

2.4.1 A (SEM) 53 Hr

WE 7 iR, 500 R B8 A2 (8 T KRS ot
O B A S5 £ TR A 2 B R R A — RE R, 7
A S FLBRRI I, A AR B R R A IR
AR B IR AT 5k 0 26 ULZs #8247 4k 41 i
FE5r WS, 2T 4 R TN 2T 4k R [ A% 007 1 5% B £L
I 37 BT T L, JF v T 26 P9 AR SO 2 A4 45 4 e fie e R
R E DA R A 1 R BT Ak T RE 4 2 Ay

d. M REFT

c. IAHLETEFT
K7 IRAPATHAHTS 1 MSS HH XS (%2000)

Fig. 7 Scanning electron microscope (SEM)comparison of

maize straw silages(MSS) before and after anaerobic

co-digestion (x2000)

242 X LA (XRD) 734

RAREF 2 3 Pl FL0 9% A 285 & IXORT 0T 1 T
TEIE XA, SRS PR A 27 4 25 52 R 25 iR s .
8 FTaR , 5 RS FF DR AR il I 1) i 760 285 449 A
B, 7 20 =22° BHITAFAE 002 & T A B AT S i T
i s T T b B S ) A S 0 R i W AR AR AR
Bl ULBHET Y R 25 S E A bt . o3 —Jr i, A
45 W BEFE B (Crl) BE SN 2T 4 25 45 b X T o5 LL il 1Y
AR THRT TR R I RS FE Crl R 0.43,3H4)S 34>
ANFRAH Crl 3976 R AR BE /s Herp AL Crl f5e/ s
9 0.34, WZHAN T 4153514 0.38.0.40, 455K 6 h
ZT Y F TR B0 [ I DR AT b 3 AR R R AT
LU ZTCE Y X S8 400 e, 2T 4 R 45 5 X5
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KRR, 45 S IX LA BT R

P8 ANl it MSS THAGHTE XA (XRD)X L
Fig. 8 X-ray diffraction comparison of MSS before and after

anaerobic digestionin different inoculum concents
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EFFECT OF INOCULUM CONCENTRARION ON BIOGAS
PRODUCTION PERFORMANCE DURING MIXED DIGESTION OF
SILAGES CORN STALK AND CATTLE DUNG

Ren Haiwei'”, Yao Xingquan'?, Li Jinping'®, Li Zhizhong’, Wang Yujie'?, Wang Chunlong'’
(1. Western China Energy & Environment Research Center , Lanzhou University of Technology, Lanzhou 730050, China;
2. School of Life Science and Engineering , Lanzhou University of Technology , Lanzhou 730050, China;
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Abstract: In order to further optimize the anaerobic fermentation conditions of silage stalk , study the effects of different
inoculum concentrations (20% , 25% and 30% ) on the bhiogas production performance of mixed anaerobic digestion of
silage corn stalk and cattle dung under the condition of medium temperature of 37 °C and total solid concentration of
10% , and examine the gas production parameters, volatile fatty acids (VFAs) in the fermentation broth, chemical
oxygen demand (COD) and ammonia nitrogen ( NH;-N ) content, and chemical composition and structural changes
before and after stalk digestion. The results of anaerobic digestion show that the biogas production performance with the
inoculum concentrations of 30% is better than other groups (20%, 25%) , the cellulose and hemicellulose degradation
rates of this group are the highest, 27.31% and 49.77% , respectively, but the lignin is almost not decomposed. The
structural performance results of scanning electron microscopy (SEM) and X-ray diffraction (XRD) indicate that the
lignocellulosic matrix changes before and after co-digestion of stalk is significant, and the cellulose crystallinity reduces,
the lignocellulosic structure damage of stalk is the most serious when the inoculation amount is 30%, and the crystallinity
index is the smallest. Therefore 30% inoculum concentration is recommended.
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