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T O =3 AT 2 22 RN 27 45 28 Bl 0 0 A I v TR B JRORHE A TE Ry B, REAE T 3784 L
(—me) =Y O s, YR BT Z M AH 1.05~1.40 JC 0B A, 1 7€ K £ B A9 A4S RA 0.14~
021 70", X — I T A YER QB A . BT, A M 98 38 Y X0 A 4k 22 K A e
E— 20 R WA N SRR T AT T R G R DL AR SN

HAEr, GFHERAEY OB ARN 2D FLEM T2 1) 8B T A S A B 4
AR, R TR AV ERESEEAR, 55558 BA BT XM 0 R T R 2 W, kel
BEAL R S 2 BE 7= BN R B I REU Y s 2) B X 45 A2 7 BT T IR A SE , SRR T S%k, #F—
A AR A 72 AR T TR Rk Ak B s R AR AR 1) B A B Y A AT Y T Ak BT B R
2R T2 EOIE 5 ) Ak BT B R A AR AL 3R AR 1) FE R O 1

TAb 3 7 ik E B R RYE . L L WA TOUKIE | PLMRERE . ZEVOR . B . R R A,
FCrP R v T A #RR i A TAL S b R R e 2 HAE S o T 2 M — R 5k, BA R R . &
PR 23R T 2 Wl A R R e AP0 AU A R I Bk 3R AT 43 2P UK i % Wk (separate hydrolysis
fermentation, SHF). [A]25 i & %15 (simultaneous saccharification fermentation, SSF) Fll H #2104 ¥ %%
Ak ¥ (direct microbial conversion, DMC)!' . [R] A5 i fif A& 1% 1 19 7K ff A1 R 8% o 2 7 [R] — > 25 48 v i
A7, R AT DAAR g b figp e 53 20 7K e J Tk vhobl ) B e il A FH S T A 2o R v 7 A 1Y) o 2 0 2 ()
— AT IEY A, BT R R AL S, HR T R ROR,

BT LA LA, BT B ETER 4 3R £ A 7 R T I Y AL R R AS L T AR A T A AR A Ak R AR
MIMERL, AR EBOKFEREA . ADNEZRA . SR BT 4B Y B, AT R TR ML
] 20 Wl il 2 B VR B I AP E R O T 25t Ae, i e m A= W il B T 200K 2k, DT R
KRG R BT A, WA R CBEAE = RR P HE T B, BEAR o 1T BB & B 1 ok U5 n]
B, SURRRDE T R BT 4 28 0BT 5 40 R R Y )

1 MR57F%
L1 SR

AL BOKFEFEF . ANEZFEF . = A FF MOl 5w b B R A 4 R S m BT (3
L 2 W)y W) 4 R AW B PR SR X 4, AT e R B (2%, A5 SPE-007). R I B)
(Saccharomyces cerevisiae)(BYB072) 4ifi Bt 17 M i A B2 2
1.2 HmEHl&E

B EERE A AR T % 24 ho FREFEHBY I BT ALY 15 em KAG/NBE, TRARY ML, B3 20 min,
it 40 B AR, 58] 3 mm DU R, MR ABAE, T 55 C TR E, AR 4
A1 THAMMASOUK 46U 48 i i ik, Mk 4 M A b KRR R | PA R XML RFHINT
a, HARME S R 1,

B B AR 3 B0l 0.75% 114 B B 7 W 250 mL, 7E 5> 50 mL &5 43 B A 0.2, 0.6, 1.0,
L4, L8 gBEFFIIAR, FEIMA 20 mLECEAF IR & | rEammEmmARS. LEESRAEESE

PR i W IR 20 n 55 fﬁ?ﬂi Hh i ﬁgﬁ Y Gl Table 1 Content of lignin, hemicellulose, and

H1%. 3%. 5%. 7% M1 9%. T 121 C S cellulose in different biomass %
JE 4T AR FRASE FF 20 min. LA 3, 5-— R4 3K GHES RIFE R4 ot

% (3,5-dinitrosalicylic aci, DNS) i J5 B ] 5 1k T 12.5 320 240

0 0 DA R, DT ) R e T T AR R Nz 18.0 30.0 235

T fi 38 [ 26 280 T, Ak UL B8 R R VR BE A RS 140 35.0 22,0

o ARIE AL 10, 20, 30, 40, 50, 60 min E7 23.0 435 215
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ALFRFEFE, DL DNS i JFH I 5 72 00 2 0 BrOoBE v B, ff o S AR i A BRI ] o 7 A A Ak P [R) A B 3
B A 3T, RERRR W B AAE , SRS BI7E 105, 110, 120, 125, 130, 135 °C AbBFSFF, #fiE
AR HUR . TR R AR ERET ) . R M AR aE B R BT, DO E 5N 025% . 0.5%.
0.75%. 1%. 1.25%. 1.5%. 1.75% F1 2% B Bt B2 35 W AL BRAS 1, B 8 S AR AR IR VA VAR B2 . T a2
I PR i R K TR B R T o

FESEAT B A & R BF, R0 A b Ak B 3k U O A R PR SR R R A B OR TR, PRI UE
TEEEER, MR 2 g /KR, INE . @R, BRI T 1000 mL #EHEH, 40 A 200 mL
JeHLER E W (KH,PO, 2 g, (NH,),SO, 1.4 g, MgSO,-7H,0 0.3 g, CaCl, 0.3 g, FeSO,-7H,0 5 mg,
MnSO, 1.6 g, ZnCl, 1.7 mg, CoCl, 1.7 mg, #%#%/K 1000 mL), F 120 °C K& 20 min, Bif3KF . /b
. R BTWIAREEFEEA 200 mL, AR EAR ARG 1%, ¥ 20 > 50 mL U4 4 41,
FEE 1AL S AR TP A A 20 mL K A RS AR BE 32 58 5 A6 50 2 Ao A /NZ RS FR AR 8 SR
Fs TS 3PN = SRS AT MAREE IR AL s AR 4 PO A BATREFR AR SR AL . AE ALY 5
IR HIMA 02, 04, 0.6, 0.8, 1.0 g ZF4EZR M. B ARG ELE, #EMER 10%, T 37 C TR
fE 72 h, WE QB2 a5, BOE BRAER AR N o FRUCEC ] 4 FhAS [R]85 A0 4 R B v A 3% R 5
DL Z AT BUE W B AEREBOM B R AP 4E 25 M, $E BRI WERE, 200 10%, 4 HIGFREED 5T 37 C
iR 24, 48, 72, 96, 120 h, W& LBEm i, NI A2 B o 50 e A [] o
1.3 MEFE

A S50 DNS i JiO I 5 32 ) A 3 J =2 DNS &8 ST EIE S B
WS P ek 2 BN, 40 0l W IO Table 2 Dosage of reagent for DNS quantitative
ZMEAR R TV WY . W IR 2% vl RN DNSIRH T test of reducing sugar
R, HrARERA AT, T 100 C L S -
FA 10min, BURAHESHERER, WS, dmenl ) e o mt DNSHA
WS, MO TIHK 540mL o 0 0.5 1.5 3.0
Ak WY BE DA 28 BV BE (mgemL!) R A 1 0.5 0.5 15 3.0
bR, WO EE (ABS) b 9 Ak A 22 il B o h 2 2 1.0 0.5 1.5 3.0
REMERH T, R>0.999 BRI AT o o 4% 3 1.5 0.5 1.5 3.0
A0 3 S BE DA 1 0 ' B AR R A s v 1 4 2.0 0.5 1.5 3.0
2k, BIASBE JERE e B o 5 25 0.5 15 3.0

FER AR IS ED E B2k, HHE 6 3.0 0.5 1.5 3.0
Heo TERM A RORAESS R E 100 mL A 4 GRR 7 3.5 0.5 1.5 3.0

20 °C) T 500 mL £ WM, A 50 mL /K ik

3R, UK AZRBIE T, FOmJUSBE Bk, R BERY , DUIORE 0% R 25 R VE HE I
GOk ). JFREREIK, ZEmAEmE ., WEMERIEEZE, WFAEEH, %, F20C
KRR 30 min, MK ZZIEE, IRA, & H . WH 10 mL % BER R B 4 fF, SR J5 IR 10 mL
FAERMR T, WEFIMA 0.50 mL IENBEN PR, TR, &EAARN 200 C, AL MR E
240 C, BAWE: AR 40mL-min'; HA 40 mL-min'; 2P A 500 mL-min', 385 S E R
HAEBRAE A, i CBERNENBERAS 58 200 8, I S BEAE | min ZE 40T o 430 R 0.3 ul 2
PRUEVE W, DU MERE OV A @35 Y (Aiglent 6890N, 3 [ Aiglent 23 ), LU 4 1 AR PN A 06 T
FRHCAB SRS e B VR bn e i 2k, A3 8Lk bE A RS, R>>0.999 7 i A o CRERGINAE - TR 0.3 L
IR R, 4% B L A A5 BRORI 10 00 2 A5 ot 06 T RRUAR PR s e T B B AL, 3 ok s ofE i 2 SR A5 0 £ 2 [ 5
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Ty R AR 1) G B 3 . RURE 2 43 0 T R A5 A s 06 T R L (AR FR T VA AR B o ) {3 LA
i AR, B A R o AT R A I
14 HEFE

FERER L R R 2B AL AR AR AR K (D~ 3) AT

C
n:w—px 100% ()
n
v== 2
1o = CoVwem x 100% (3)

Kf: p APERER CHERFERNRIE, mgmL'; o N AL FERTREFE O B AR E; p WIRWREE,
mgmL™"; v AR R, %min'; A TALFEE A, min; 5, B OEFAER; C, N OERE,
mgmL™; VABRAER, mL; o, BTG REF EARERE; m AN R E, me.
2 #RE5TE
2.1 FRALTE S5k

D) ERREE R . 76120 C T, L 0.75% i R Ab B © 284 40 B 43R T i 128 1) 4 Fh A= 9 Bk R
& 20 min, ZPEACNE, B ESH N 1%, 3%, 5%. T%. 9% WKREREFF . INEFSFF . &R
FERT L BT A0 A AR 0 A L M R B (1] 1(a)) e TR 1(a) Pl , TEKREREAT . RS AE AT . BAT
Mﬁm@ﬁ$mTﬁﬁmfﬁ%%ﬂwéﬁEMLﬂﬁﬁm 7N 27 R FF 14 T4 B 1 30 D A
WP A [ AR R 4 Ry 7% WE Ik B i i, FE 9% MBS R R, X T RE e B R R R VRO R AR AR,
B IS 40 e 8 34 ﬁ&mim&?f% SRR, P, BEAR T B BEACR .

45 A5 oA B O A v ) [ R e AR i S A B P R RV B, v AR A AR W R PR AR e,
K 1(b) iz, KRR S FF A A 35 R 5% B AR e imn s /N2 G A I [T 44 ke 2 0 Ry 3% Wi Ak %6
B s SRS FF R BT 0 B v e A R 38 A A [ R RN 1% B X R BB i KRS AT R AR
RERS, AR ERANE, SRl s, T AR IR MR BN AR A RTHR T AT LA FE A 0 [ A
Peaa, DL SR KRE RS A7 1T 4 B B A I R AT 2 AR B
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Fig. 1 Effect of solid loading of different biomass on the concentration and conversion of reducing sugar
2) WAL BRI E] . 75 120 °C R, LA 0.75% F B AR 7 i) Ak BT e A I AR B 9 22 40 H 23 0 7 1
() 4 FlAEPI TR AR, BHE SN 10,0 20, 30, 40, 50, 60 min. ZIEACLIEIS, M KREFREFF . NE
FEAT . SRS AT . BT A TUAL B b Bk JRORE VR B (18] 2(a)), 455 2 A0 [T 4% 25 280 a7 3000 L 7
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A FLALHE (] 2(b)). BLA, 554 PR 15 AL BRG] 15 31 72l o B 1] 78 0L (1 2(c)).

i 161 2(a) A 2(b) TT&1, FEACRERERF . /NERERE . BORRSAT . TR B BRI O i
Y B2 ) MRS T LT, PR B B I . L7 AL B B AL 20 min J5 L B AK RS RS T A
A 3 A 0 B B o 0 SO K R MR, EA LA BATFEALEE 10 min
I 03 JEORE A 8 0,006 mgemL™, L REAIE MR P . (EEATHUL BRI, i SRR A i 1 T
1401 5 R T o1 T L M AR 4 OB K A B R B, 1L TR 10 min
JLF YA 7 U . EE 10~20 min, B P B9 7=t B0 T RO ORI, S 7T AR R IR R
MR TR R LT A R W R TR 109, ZERRM IR IL2s WIS MR , 6 S5O iR ok

12 2(c) T, AKRRRSFE . B3RS FF2E 10 min 3580 AP M /N REFFFIE 4TI 2E 20 min
i 5 0 A L BN RO HERS L A TN L 0 R AR T T 4 WA e A e WA T 3
U R T B SR A R B SR AE 20 min JE R TR IG S . B, 5 KRR L 7
SR T B A T B W12 0 10 min, /NZERSFF . 6B A EE B B 12 % 20 min.
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Fig. 2 Effect of reaction time on the concentration and conversion of reducing sugar
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1520 7= Bl R AR AL (18] 3(b))e HHIET 3(a) W1, 7K A A T4k 3L v 3 OB vk B2 #E 105~110 °C A —1>

BT, X ] A
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Fig. 3 Effect of reaction temperature on the concentration and conversion of reducing sugar
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FR 77 W A R B T e R T, T 125 C AR Bl R ORMH s TRIR RS T 128 C o AR, HOKRE
D) A 3 AR, AT BE R e v A U BE X T A R A A T T —E IR, BEMTRZ R T A

HIE 3(b) ATAT, /N2 3 BT R PR R Y Y BEAE 120 °C o Bl PUAL BER it — 2 T
B, PERERAR R TR EA IR, BRI B B MR RO s TR AT, (H
PO/ B AR s B e w3 L BT 3%, TR RN REREBTE TANE, NERTE
S, BTUABAT. S al e HL/NE B B OB A T B . AL, B I 3R A AR AR /N A
AT TR, BN, DNERITA T4 R SR KA — DA R R 5 IR &
o BRILZAN, BRIKREALE 120 °C JF R 3K B d A 70040 BROR . (L HC 7= 0l 6473 g 7 Ho Al 3 UL
i bRk, KRR B ERE O 125 °C, NE . R BATRY SR AT BER R 120 C.

4) TOUAL BRFR M o B RR 1 /K fifk 21 48 3R 00 A rPole AL TR ROV T, I AL B A IR 47 4
RS A B TR PO, ] DL S8 4R T R B0 IR, BRI AR A TR ks AR B Y R
Mo HeT BRI RE A0 S e [ AR B R A A AL BRI E] L fe AR AL B BE 2300 LA [R) AR 43
TR B R K IR WAL B 22 40 H o3 AR O R ) 4 FRRS AT R R o RUBAR R, WEOKRT . NE L ®
S BT TAL BEBE EORE A BE (K] 4(a)), G R [ AR 2 i 1 L R R A AL LA (18] 4(b))o
F AT 4 AL T, KRR AR AT AL B F I OB A JBE AR B FR Mk 2 0.5% WK B i (6, /DA RS AT A EAT
YITEBRRR A JE N 0.75% I 7= Wl R fop i, o SRS AT U AE B RR W B 0 19 IFRATfe i PR o FEBRLR
WML 1% J5, 4 Bl RN BOMPRLI P Rl B R RN AR — S W I BRI, HIWR
M, AR LR 4R B KR R, AR R R AR (E AR R A BRI P, SRR
PR 2, B X B AF AR OB A TE b, SO T OB I, B e A i
E(J[31—32]O

17.5 35
_ ~ M N = Y
0 —A— s 25t —A— i
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Fig. 4 Effect of sulphuric acid concentration on the concentration and conversion of reducing sugar

AT LA, KRS AT 0 f AR 0 R A BV B85 0.50%, /0N 22 45 FF FI B AT 19 S A2 A T Ak FHE VAR 38y
0.75%, 7o SeRE AT B R AR R AL PRV By 19%; (HAEET 0.75% BIRRRRAL BSCR 5 1% Wt 4, %
JE B R Y AR L R W R T RE 7 AR 1 AN T IR SRR A TR P, 0.75% PR AR 0 B B R VA T T RE
SR Tk S B A AT A7
2.2 FEEMRABERMIHIE

BRI % B (Saccharomyces cerevisiae) & —Fh ] LA C6 WAL 7= CBEM S AN A=Y, B TR
BAT RGP, REERE )R AE U0 AP BRI, DU [6) A= 99 T3 114 e {0 T4k 0 2 A7 Kb B TR AR
TE A3 75 B B R 30 1%, BRI BB HERD & 10% B 250 R, 43 8m 02, 0.4, 0.6, 0.8, 1.0¢g
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FILT 4 Z/E, 7837 °C FREFR 3 d, IKE 2 A 38 A0 S FF R A b B 3 A0 &7 4 380 0 e fb ol B
AR B ALY R OB RANE S fras . BB S AL, KRS, /NE . S8 BT EE S B AR R
R 3 s . KRG hE L mER. BT BRI EA S 0.6 ¢ LRTAR AR E
FHEMEE KR, 0.6 g ZFHEAT-GH, LM EIEARRE, WIEAK, JRHE T AR 7R
AR R A S RSN, RS I B RE TR AR 1 A B R, YRR TR S R AR,
AR R, N BBV A A B R AT A A FE . BRAh,  H T ) R A R R 2 T R
OB By — A BRI R DY, W0 5 1 7E DR B — a2 21 2 3R 5% A R 0y 4 T 45 7R S AT RB AR i /K
Vo LEA TR ERINE, B RAERNE N 0.6 g, TEEBUAY 4 PR, KRS/ (1) 2 W%
L& RS BT, 53] 56% LI L. 1m3S B MFAR T 08E, BT 33%~35%.

FE UL EAORAR S5 By il B, B ZEAN TR R eI ] (1~5 d) %R FF 83 0K & B Ak R By 2 (151 6)
Wi 1 6 AT, fERBERTIA, KAERGFE . ANEREFE . SRFSF . BATAY ™ i 0 BE & I A (] 9 3
T B . KRR A AN AR QR AR E 12 d B R R EFENRT, 5k 17% fil
45% ¥4 % 51% 1 53%, 7TE 2~5 d PR FETE 60% LA T, iR AN K. BEE K BRI A, &5 F
o BATH OB i DR E R ORI, AT RER R I 2 R AR W T RS AR R S5 M B AR 4k
25l 0 B RN FE AR PN, (B SN BE S LUA R SRR A B AT, AW A . BE R K
BRI IEAS ,  Z = SR I i 2%, T RE 2 PR R 3 oy I BE TR BG 2258 T, AP GBIk,

i LT, KAREREAR . ANEREAF RIS R BRI 2d, SRS BATEREE S d B R
R B W) AR, B, Hfol KB A B K T 5 do

0r o 7{@ - 70 ¢ —
—o— /N —a— £
60 - —a— iﬁ‘% 1 ol =
50 TTET 4 —~- %?% —
S s 07 ,/
¥ 40 ﬁ
= — B0
Z 30t — — B
) /X/ N 30r
20 -
= 20
10
'y 10 1 1 1 ! ! J
O 1 1 1 1 J 0 1 2 3 4 5 6
0.2 0.4 0.6 0.8 1.0 A /d
Mgt g El 6 KBERTIERT 2 ER AL L R A0
5 ERIEMEX ZEREEERNZMN Fig. 6 Effect of fermentation time on
Fig. 5 Effect of enzyme dosage on the ethanol conversion rate the ethanol conversion rate
3 HHig

D) FETAL PRI B, K REFEFF LA 5% RS2k is, TR 125 C, 28 0.50% i i iR Ab 2 10 min (1)
FEMER A, IRE] T 28.74%, 1E AFAEYI T A ESUR BRI ANEREATLL 3% MRS R, R
iﬂm? 22 0.75% B B BR AL F1 20 min B2 HR A 13.25%, T /KFEREFT . S As AT LA 19 [ 4%
ﬁg JER 120 °C, 42 1.00% F5 B B2 Zb B 10 min 09 7= BE R 8 9.54%, 7= R, BATLL 1% [E ik

ﬁ% mfﬁno% 2% 0.75% FR B2 AL 38 20 min A9 77052 R 13.10%, IR TR FEREFF RN ZZ RS FF

2) FE R B B, 4 Fh AW BT 7 B BEEOIM L 22 SR K, BedE ARl 0.3%, RIVAE 200 mL
TARRE FRFEIN 0.6 ¢ LF 4 KWl . HAE K BERT ] L, AKAEREFF . ANEREFFZad 2 d BT KB 5E &
BE, 22 Ry AEM OB S5 5 KN OB B0 LB 53 3R 87.7% F192.1%, ¥IKT 85%, fifm
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Abstract Cellulosic ethanol is considered to be one of the best alternative liquid fuel. However, a series of
problems, such as low cellulosic hydrolysis efficiency and the yeast activity inhibited by the harmful substances
in hydrolysis liquid, lead to the high production cost of cellulosic ethanol and a low state of industrial
production. In this study, four types of biomass, including rice straw, wheat straw, sorghum straw, and moso
bamboo, were selected to optimize the process conditions for cellulosic ethanol preparation based on acid
catalysis synchronized with enzymatic hydrolysis and fermentation. The DNS reducing sugar measurement
method was used to detect the reducing sugar conversion of the feedstock and characterize the effect of
pretreatment, and gas chromatography was used to measure the ethanol conversion. The results showed that the
reducing sugar yield from rice straw was the highest among four types of biomass, and the sugar yield rate
achieved 28.74% under the conditions of the solid loading from 5%, 125 °C, 10 minutes treatment with 0.5%
sulfuric acid. After two days of fermentation, the ethanol conversion rates for rice and wheat straw were 51%
and 54%, respectively, which was significantly higher than those of sorghum and wheat straw. However, after
five days of fermentation, the ethanol conversion rates from sorghum and wheat straw were higher than those of
the rice and wheat straw, reaching 61% and 65%, respectively. The results have certain practical guidance
significance for improving the low yield of traditional ethanol yield from biomass.

Keywords biomass; ethanol; acid catalysis; enzymatic hydrolysis and fermentation; process conditions





