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AWALR SR R 2 —, FESEBR TR, e Bk B AN 25 5 1 A 3540 il 4y o B SR il
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W REARHN T R #5 m ROR T, 3 B AR =4 (AR FF 20 2 T AR A8 T A 7= TP b 2 A i AN 42
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TR HR I FR A i I A T £ 2 NI W R ARG AR, R B — 25 A FRUR O, BR R SR SR N
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Table 1 Feeding information of ethanol fermentation of corn straw g
Pt 14 B2 34 Al
AT 20 30 40 50
LY 0.2 0.3 0.4 0.5
s 0.2 0.3 0.4 0.5

JEOREFEAT R U ™ W e S50, S B MRS AT IR SR S B A, AR 1 PPt QR S R B L, [l R
I 8 e R e, Forp A 4 A9 AT S8, SPRBOTFEIE . BI1~B4 9 IHALHR I PR A 7™ H e 52
%, BS~B8AFATIIH . AR HE RS FT £ I A TR A% ) A I B TS I AU IO P 6 IR L, AR
anERHE B ILER 2. th T2t SRR B R IR pH AR 2 A FBe v 1, AN Pk IR SR A 1y
BESCBRYITRE, BT LT sl I35 AW pH =P, Z RN 200 mL BT AL TS PR MR Y, ok
ERE Lo RELBERN 48 8 B R B BT (3720.2) CRYMEIE/K A # T, HIlAZRE S0 d.

R2 ZERBRBERELABSREFREMER

Table 2 Feeding information of methanogenic anaerobic fermentation for ethanol fermentation residue g
PR i EE| Hi2d B34 S
F&AT 14.58 21.05 29.47 39.32
15 300 300 300 300

1.3 SHA=E
TS(total solid)2K ] 105 CHETF¥EM E , VS(volatile solid)2R FH 5 354 600 °CF K42 W55 ; pH R
IR R (PHS-3C) K 25 pH AT AE 5 & TR P £ v B R A €3 A ik A A a2, 5 3] 1 0 i)
Ji, BEAT OIS T, TIALER 5 ik B SCERAE S LS5 000 ¢+ minT B0 15 min, B0 EIH R 0.45 pm
K Z DR g VA A B e B e I SR ) H AR S Y (GC-14B) AR L 5 [ 3R 1H R A RN 45 4 R
HH A NTC(JSM-6390LV #1) $94 Fi - i {858 (SEM) WLE%
2 #RE5itie
21 EXBEHZCELXBEpHENL ST
XoF T JEE A e FEE A [) 1) 4 4> 205 % B S 1% 2% R1~R4, pH
AR AN 2 s o P AERAELF e R RIVE T 54k o
Wl T TR 3 A i ot RN A A R AL NIRRT )
B R 3% B, & TRV I pHL [R] LAt JE 47 v B A Lb A (R 4
eflK, VUMY B N 3% s, AR o W I A T AS I 5
PR, R TR, ARt O

48

46t

44t

42 F

pH

——TS=2%

——TS=3%
R K A, RIABT L, & R8s R pH . ety
I, KRAWH ORI 36, PRI RS L

TN T LT W, L RS AT 28 i Wy L) A TR e AR A T S/
\,‘q/ﬁg‘/\‘ v S ’ég‘/\ S VI Y 444
m%ﬁ?ﬁimﬁéiﬁﬁA$ﬁ§%%ﬁmu%%t@ B2 R KRS FF 2
AR T B SR, 3T T A AR TR A BN A S P I R 25 A5 L LT pH 9L

m, ff pH A TR INRORIF IR 255 7 K, 45 RO 4 Fig.2 Changes of pH during ethanol fermentation
KR pH P Tt , It Aok A B r= 2 B B, R of corn straw at different substrate concentrations
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AL DAV 28 L 7R KA FT 50008 B IO SS # o TR 4(a) J2 A 25 T 2 T 6 K AT DR 0, Fr 41 3 Pl B IR
AT DR SRR R A BEAE FE R LS A B0% , REUA MR HES], FLS bR AE, 1 Bk £F 4 2540 52 4
Vol N 0 et S £ B 11 U0 e 111 NI 3 e 2 B o S k= N i 9 % N B N 1 )
NS, X EA LT 4 R B K LT 48 R 3 L T BHLAS>, 4b). (o). () B2 IEDHE 2% . 3% 4% i E
KFEFFLaT Ol R a B R

23k T TR P AS TR) JES 0 e 6 RS AT AR A 28 2 Tt TR 1) 5 DK A DA R P 41 4 v 5 P X L
B, FEFF SR T e 3R T 254 e A W I A28 o L IR B 2R 3% 1) FORAEFF 48 S B R I I 3R THT IR
TV, R IUEWT WL RYR, SFYESS R Z R, RSB FHES B, MRS
T, LR HALEYIRE M SRR 4T QWA BEE G R 52 BV R, Tk
YNEA PVEF , R TR AR B R AT 413 27 4 4544 BA B AR PRSI ELHES R RN . FORFEFF 20 O B & T
&, REATZHMGEE , FEFFRIASIS RS, X H o & AR DG AE Wy B A T ml R FH B 22, )
AN T 7K gt T XS PN £ 4 R 2 KA A WL T B, A R I S LB % T i s R SR i A = F e o

(a) JERFE (b) 2% (¢) 3% (d) 4%

Fla RIRRYIEIE S PE R KR 2 BRI SEM [

Fig.4 SEM images of ethanol fermentation of corn straw at different substrate concentrations

24 EYRENEAEFZELBERERAELTETSHNE N

FRFEF CBER B R R AT e R AR B b, (Bl T4 R 2 BA 45 e i = o
TALEY), SN AR REE T ARG YK G ED R . tbAh, ABTE T HRRR I B B AR e B
SEARERE, T LMA IR REREF E Z AR R R AR BT A, X e Z AR R LB &
P AR IO AR LA B v () P S R o AN T B A e ak v DR ST Ak = F Be B = S R b an &l 5 s o 2418
YIH R 3% W), £ P R AR s IR A8 T Ak ™ F e ) 7 A i L R AR5 3 K, (B 26.82 mL - ¢,
IF EHL R AL = B e SR W e, DR T 3% i, FKRFS ATt WA B, FKRFSFFAh % m
SERGR TR, KR TR PT LA SCR £ A 28 A5 R AT AL K St kg B T I R PR e TR
HETRE = SR R AT o AV R 2% . 4% F1 5% 1 £ % I I B v DR S A 7= HE o %) 7= A= D 220 1 B A
12 KM, T H R I TR, 42 15.90, 17.25F118.27 mL - o' HIMEW], KRIEEYIHk
BB ERAE LT SR BT, RE WY RT 2T Y 45468 B BN A A WL ok K e R B 45 N
FAR], AR S5 T Sk B sk 2 DA AL 5 P R AN R, 7=/ e BT ]t 45 AN AH ) o

FERBEIAN , SR B FORFEFE 2 s & ke e DR 480TH Ak ™ R Joe ) e RBR™ it An 81 6 s
S BB R RPN NS TR i X R B, YR 3% RS FE O R TR
XTI B DR AR A B b P i i, M 270.01 mL - g, SRR YIREE R 2% . 4% F1 5% £ T K T
Beitr RRUT S 36% . 8.9% F118.3% ., NEMIMRIE N 2% W EARFER & LBELTE, AW RERE 4
BeBEAR, LR SR IR A AL ™ b BB b . IRYIRIE 5% OB R skl B RE I A 2
S, I RE T S S . YRR B S, SE e K R P AR PR ROCR AT RS 2
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Fig.5 Methane production volume changes of Fig.6 Methane cumulative gas production changes of anaerobic

s . . digestion of ethanol fermentation residues
anaerobic digestion of ethanol fermentation residues &

BERUER, JEELI G £ W I A R AR MR TORFEAT A A E R OR , e P B L I A AR T PR A
T A3 R AT) s 9 B 7 A 4 A1 N R DRt fd S B RS FRET 2 8 N30 7K AR 200 TG R R 4 Ak AN e e
i A E e, SFECRBP ™ BRI, I, TR R M A 195k A AL ™ T e A R
TR, R AR AMERESAR RS 1 T, i LR B A SRR A R
25 ERBEHCIBEABSABREREHEL"RREIEREBFTEHSN

TS TR £ W e I B B P DR R4S T MR B B i 2R AT DRV I, RIS A 1 o SR v g B
Bl s XUIE e A D9 L, TR 7 A HG B 2R i i s 1 = W IR A A fEdbd R rh, SRR
LT YE TR G RO T AN AW i e A SR — ki, A B I MIE R A 56, R,
A W E FORFEAT LB e i RE b AT i A 0 M o A T BT AR0A) 4 oA TR 4 e J3E 1) TR A AT
LR WS R R A AT AR R 3 o, HrP SRR R YDk BERS AT 220t SRR B I, TS MITVS fY 2%
PR AR, JRPIUIE A 3% W FOKRFEAT 20t Ol R WIS, RS 7 B e 39.04 g, Sl T8 1A TS F%
RN A VS LR de w5300 29.82% FM143.23%, X Je T Ol R R T Ry T ALY 4 2R 55
FA D ST S8R . SRR N 5% I, FORFEAT LM K T acd A v B T 1A TS F% A R [ 1A V'S 25 B
FIAK, 8 21.37% M132.31%, HIRPMEE S, i TP S8 iR A F s iR R
M T RERFREE A, MRS TR . AR RRPIMRE R FOK QR RS U, [ AR 32 2 K
Iy FUHABSE R AEY 5, B~ o A 45 SR SR B T 4 FhAS [R) R 4k B2 T R A A £ 8 et A b 4 70 ) e
it S EE L

R3I ERERCERBREFEEI N
Table 3 Mass balance analysis of ethanol fermentation of corn straw
21 5 HERE TS /g L VS/g BN TS/ g B VS/g TS 2 BR%/% VS BR#/% RE 7 /g
R1 20 18.10 14.58 11.03 27.08 39.08 27.20
R2 30 27.15 21.05 15.41 29.82 43.23 39.04
R3 40 36.20 29.47 22.05 26.32 39.10 31.84
R4 50 45.25 39.32 30.63 21.37 32.31 25.76

WG TR 4 RS R R Pk B2 1 I A e ks PR SR TR AL ™ b AR i P A ik 4 s o AN
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Table 4 Mass balance analysis of anaerobic fermentation and methane production of ethanol fermentation residue

A HERITS/g  BERIVS/g R TS/g iR VS TS ERRE/e VS EBRER% ERSRPE B (mL-g7) F ek /%

B1 14.58 11.03 10.37 6.81 28.90 38.23 198.50 50.48
B2 21.05 15.41 14.89 9.24 29.30 40.03 270.01 54.08
B3 29.47 22.05 21.34 13.91 27.60 36.90 248.05 43.55
B4 39.32 30.63 29.33 20.64 25.40 32.61 228.16 43.07

[ 4k 5 1) & T TRk i 28 i PR ARTHAR = Wt 5, TS R VS [ R BR A F B 22 5, IRYIREE
3% W) L WE R W Bk i i RN AR JS . TSI VS KR m, 4000 29.30% F#140.03%, I H P Be <K
W IR B T 54.08%, 3% 46 5T ik (14 B AR 2 b 76 DR S0 Ak B v A I 7= A VR AT I o IRV R
5% W) LW W B i ol R AATH ARG, TS VS KERFEAL, 43008 25.40% F132.61%. S ISPk B ik
F, AL ROH L R GRS, FRACA L A, X TS R VS KRR
T B AR ST S AT T LA A b B 4 AN [ RS A B R ORI T AR T TR SR A
A BE o B v 452 03 (A B A S Al

3 g

1) ZEhE(3720.2) CHRAT, KPR X FRFEF OB R B W B . SIKPIWRIE R 3% B, £k
FEFFIR AR OB i i K, 185 39.04 g5 BEE IR EEZ Wi, FBURMA EYFHEHRE,
il B RE TR 5 P, PR S W= i

2) IR E X T R T e e S e W Sk, VA R e AT e o A AN B I B I v TR 4RI Ak
FEHEE . YRR EE R 3% I, FOKFEFF 28 £k I A AR v A B R AR R I R BE T ELIG R B T R
BRIt R A AL IR I, BB AR & 0 270.01 mL - g7

3) JRYIR E N 3% I, T KRS FFAE WAk it FE TS B VS LR is, 20918 59.129% F179.07%,
EX7] 5SS
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Effect of substrate concentration on the ethanol fermentation of corn straw
and the methane fermentation of its residue
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Abstract To study the effects of substrate concentration on the ethanol yield in ethanol fermentation of corn
straw and the gas production characteristics in anaerobic fermentation of ethanol fermentation residues, a self-
made and small-scale anaerobic fermentation device was used to conduct the anaerobic fermentation
experiments with sequencing batch mode and 50 day period at medium temperature (37+0.2) °C and substrate
concentrations of 2%, 3%, 4% and 5%. The ethanol yield from corn straw ethanol fermentation at different
substrate concentrations and the gas production characteristics from following anaerobic fermentation of the
residues of aforementioned ethanol fermentation were explored. The results show that the substrate concentration
had a significant effect on the ethanol fermentation of corn straw. The maximum ethanol yield from anaerobic
fermentation of corn straw was 39.04 g at the substrate concentration of 3%. Too low or high substrate
concentrations were not suitable for the subsequent anaerobic fermentation and methane production. At the
substrate concentration of 3%, an obvious destruction on the fiber structure of the residue surface after ethanol
fermentation of corn straw appeared, and the gas production peak with the corresponding methane production
per volatile solid mass was 26.82 mL - g™ occurred at the third day in the anaerobic fermentation and methane
production experiments for the residues. Then the highest cumulative methane production reached 270.01 mlL. -
¢ volatile solid, a high potential for gas production still remained in the residues from ethanol fermentation of
corn straw. Through mass balance analysis, the highest TS and VS removal rates of 59.12% and 79.07% were
obtained at the substrate concentration of 3% in the corn straw bioconversion. This study can provide a reference
for the ethanol fermentation project of corn straw.

Keywords anaerobic fermentation; substrate concentration; agricultural and forestry waste; ethanol fermentation;

residue methane fermentation



