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Abstract: The aim of this study was to achieve the optimum process parameters for fuel ethanol
production on pilot scale from corncob. After the optimization of orthogonal experiment, the process
configuration including dilute acid pretreatment and separated saccharification and fermentation(SHF)
was obtained: the optimum pretreatment were at 120°C for 3hours with 1.1% sulphuric acid as well as
solid-to-liquid ratio=1:8, and the optimum enzymatic hydrolysis were at initial pH5.0 and 48°C for
48hours with FPA(IU'mL™"):CBA(IU-mL")=20:7 and 180g-L™" substrate produced by pretreatment. The
maximum ethanol concentration in the enzymatic hydrolyzates fermentation by Zymomonas mobilis at
35°C for 48hours reached 67.8g-L™".

Keywords: fuel ethanol production; pilot scale; corncob; dilute acid pretreatment;
saccharification and fermentation (SHF)
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JEIE 1000 420, Horb 89% H i AR g ANRFI L
WEMA LTS R AR T 5, FHEEOURIERSFT
B 7AW, b Eew: EORIIMR LR B R R Tk 274k
Py, A AT R A BT 4 SR B Tk 20 AZEE
o RIFEFYESRIP YR TER 35-45%, 47
YEZLANN 20-40%, RHLE BEEAR CAT KT K
Mg, BRI O, Gl e A R
FEIi R, WRESFR SRR A T ER
E/‘J%X[B,M]o

AR SC AT K M JEUR A PRk S BEEAT T AT
9L, ORI TR T FL R P KRS R T E T
& M T A Akt

2 MEFATTE
2.1 KRR

JsURk: JORES, BCAVEIRAE I B kAR, AR
A&

2.2 SFHYEER. BMANERE

212 )5 12 JEACER IS (filter paper activity, FPA)
4 60FPIU-mL", HH KA (T.reesei) 4:/=; 214k
M5 2: 2T 4 —BEBETS (cellobiase activity, CBA)
4 30CBIU-mL"', H2 % (Aspergillus niger) 427,
BRI (Zymomonas mobili) : ANSZEG =
f&17: Z.mobilis Fi 735375 (W/V) + Hi%HE 10%,
FEREE 0.50%, BRIREY 0.10%, R 408 0.10%, iR
FREE 0.05%, 28°CHiF%; Z.mobilis KR IRIE (W/V) :
WA SR, B REER 0.90%, IR 441 0.10%,
pH5.0.

Table 1 Design of factors and levels of orthogonal experiment
design for dilute sulfuric acid hydrolysis of corncob

F 1 EXTCRHRHHRALE 4 B 3 KFERRBZIT

K% A K% B H#EC WED
K
FRIRIKIE /% W /C WA /o [E L
1 0.7 100 1 1:6
2 0.9 110 2 1:8
3 1.1 120 3 1:10

25 A%
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WOHUBR) 5 T s R 25 S NV 38 100, 1l 4R 24 Vi R A
R, SR duERs SHL-2P2S, WivLaa e T it g 4%
IR BE- KB RE RTY-MS-100L, VL7045 F50T
HZRAEY TRERAARAR; WRHEERIENL SHF150,
Wi VL 7 3k 98 A AT BR A Al s 28 VROK R R
YXQ-LS-18SI, Fifgt i sl A IR AR 54 mr W2
T UVISIGD, Ll ririass) .

24 KWHZE

231 PURKIESFE AT, wR/aiadgsR. K
TRBHFIA oL 25 1) 7 o

2.3.2 JURH R ENL OFZ-35 Mt Jmidk 9 H (1981um)
i, UG AR ES W ESR (AR 1D, DLEF4E
B AR LR R RRAG AT HR LR IR,
7E 1001 J I 52 JBEAT Rt R Pk B G

2.3.3 FUd A TAL B fS , A S 8 Uit pE AR I g,
T 2% & AL BV 65°C R ALBE 2h, FHZBHE
I, [REYEE R, TR BORE SR TE
EE T AR . RIEEFERR A AR TR 1 .
2.3.4 [EAHEFE S IS BV ESR (LR 2) , BLEJR
SN FERR, E 100L BEAEGE P 1H Bt in iR i 15 pH
HA 5, 48°ClEiH AT B 1L .

2.3.5 BB KA E Z.mobilis ZEFh TIRE L b i
R4 ODgoo M 0.4 WHFN T, LA 5% S HFh
FI| 100L A BEGE N IR RERE AL, ARG AL 1
B A BRI, 44 R B R SRR T S IE FR 0y o
BILE 35°CL 40°C. 45°CRI% 60h, 552K IEFT LIE

Table 2 Design of factors and levels of orthogonal experiment for
enzymatic saccharification of cellulose

F 2 FHEEREEEN 3 BE I KFEELRE R

R A K% B K% C
K-
NHE /b SRS/ g L-1  FPA:CBA/IU-mL-1
1 24 120 15:8
2 48 150 207
3 72 180 20:10

2.5.1 Kb I E I Ik
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Table 3. Results and analysis of orthogonal experiment of corncob
pretreatment using sulfuric acid

3. BRRAAREERDEZRBERMSH

o % A
;’E x Ji

. 4 -
W W wm % wox
SES oo ¢ /b ke o % 78
1% %
A B C D f f i
bRl k52 #53
A1 1 1 1 1 465 239 138
55 1 2 2 2 66.1 879 399
SE3 1 3 3 3 67.9 929 285
W4 2 1 2 3 52.6 486 20.1
S 2 2 3 1 646 861 275
SE6 2 3 1 2 474 761  36.1
a7 3 1 3 2 586 663 11.7
SEHG8 3 2 1 3 60.6 794 345
9 3 3 2 1 65.1 89.6 369

K1  60.18 5258 5148 58.74
K2 5484 6376 6127 5737
K3 6142 60.12 63.70 60.34
R 6.58 11.18 1222 298
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K1 6823 4637 59.80 66.53
K2 7026 8447 7537 76.77
K3 7843 8620 81.77 73.63
R 1020 3993 2197 10.23
" 2
&} Tl
P
2 %
b4
it
%
1
K1 2740 1520 28.13  26.06
K2 2790 3396 3230 2923
K3 2770 3383 2256 27.70
R 0.50 18.76 9.73 3.16
2
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MR 3 EREH, MBI KD, 4R
TrERAES 3 Fmh 67.90%, FLamd IR 2R e MR
Yos I R)>I BES TR B> TRV LE o R B 25 B 3 7
S 3 i 92.9%,  Hm DA ER v B O -
i > []> [ 95 LU > PRI B o AT 28 e PR AL S 2
ik 67.90%, R b BMRAK OO >
B[] [T 9 LE> PRV

SR LRI, FRBRIER TRAL 38 3 B JBRAE il b 2R
BEANGE my T 4 25 5 i, T CAPIUAL B S A Ak AR R il S
120C, Ml 1.1%, [tk 1:8, W18 3h. it
AT PAT RS 3 IR, ~FIME N « RERME 223 % 78.7%,
Yk ZE 32.3% 73 62.3%.
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Figure 1. Corncob compositions analysis of untreated, acid
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pretreated and alkali treatment

1 BRAERERT SHIERSRE

HE 1 AL, FROLEBmA, 455
ERA LT 66.7%, JWEEREERT 72.6%, KJF#E
EBRT 62.9%. A NI IBHEREIL B T R Ir 41,

3.3 BREMEAERRBELER

Table 4. Results and analysis of enzymatic saccharification
orthogonal experiment of pretreated corncob

F 4. BRBEUEZREHERMSAR

A B C S EE R
W A FPA: CBA SRR
/h /gL-1 /TU-mL-1 /g-L-1
1 1 1 1 75.8
SE2 1 2 2 99.6
3 1 3 3 116.5
SEI4 2 1 2 91.7
S 2 2 3 106.7
L6 2 3 1 1153
a7 3 1 3 101.6
SEHG8 3 2 1 91.7
A9 3 3 2 120.6
Kl 97.32 89.68 94.26
K2 104.54 99.31 103.96
K3 104.60 117.47 108.25
R 7.29 27.79 13.98
=
;@ B>C>A
etk
Py B3 C2 A3

K 4 g5 B W, MRS 9 8 JFURR S i
4 120.6 g'L-1, HE2mn PRt m 2R OO R
WRIE>FPA: CBA>HIH. 2G4 18, BRREIL7ELL T
T BT FETRIGIEIRE N 180 gL', ¥Rn
JELAUSEE A 20FPIU: 1g &Y, 12h GINET4E —hHbE S
4 7CBIU: g J&Y), BE/KAfEL R b i 42 180
gL, pHHff+r 5, 1AW 48°C, 48h. ki 3 Ik, &
JERHEIR V) 168 gL'

34 EHMARERELZBEBEEAMRESCEX
GLER

T BB AV FEAE 48 CHE YR T HHAT, W %
FInH K MR Z.mobilis, 7F 35°C. 40°C. 45CK
PR A s SR L, SEEe 45 R W R

2 nTLUE Y, s8Rk %R Z.mobilis & %
R A L P SRR AR AR 2 35°C, 48h, RIEFI
T G EER S B il 67.8 gL'

4 &g
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Figure 2. Ethanol concentration curve in different temperature
medium to ferment enzymatic hydrolysates using Z. mobilis
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AW FAE IR 52 T DLACKE N oA =%
Kl S RERIFRTRIK SR 2 D BEAL TN R I T2, 4 R
JERIZ L1%MAGRIRALE 3h, BRRVERE, Hass
FCAR R 2 B2 7 [ T 4B i R AL 48h,  BRARBE AL
AR 5%I2 8 KB B Z.mobilis K& 48h, K%
Wb 2R IS 67.8 gLt AWIESGT N TR A== 47 4
PRRMRHE T 2%

B
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