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Research on Biorefinery Production of Cellulosic Ethanol Using Corn Fiber

Abstract

Corn fiber is a composition of corn seed coat separated from corn in the wet milling
process with a small amount of starch and protein attached to it. It is an important source of raw
materials for fuel ethanol production and an industry research and development trend. There
are two main technical obstacles in the conventional biorefining processing chain: First, the
strong acidity of the sulfuric acid catalyst in the pretreatment step leads to a very high content
of inhibitors after the pretreatment of corn fiber. Second, due to the high hemicellulose content
of corn fiber, traditional solid-state detoxification cannot completely remove the acetic acid
produced after hemicellulose is completely hydrolyzed.

This paper studied the process of producing cellulosic ethanol from corn fiber. First of all,
in order to solve the high concentration of inhibitors caused by the strong acidity of sulfuric
acid, and the environmental pollution caused by calcium sulfate and sulfur oxides, this paper
used a mild citric acid organic acid catalyst to conduct the dry acid pretreatment. While
obtaining effective pretreatment efficiency, it greatly reduced the production of highly toxic
inhibitors.

Secondly, in order to solve the high concentration of acetic acid formed by the
saccharification of high hemicellulose components in corn fiber after detoxification, the
biorefinery chain sequence was adjusted in this paper. In the conventional biorefinery, the
sequence of solid biological detoxification followed saccharification was adjusted. The
saccharification was carried out before the biodetoxification, and Paecilomyces variotii FN89
was used for in-situ liquid detoxification. Under the premise of fully protecting the fermentable
monosaccharide, the problems left over by acetic acid were effectively solved.

Thirdly, in view of the high xylose concentration in the hydrolysate of corn fiber, the
fermentation strain Saccharomyces cerevisiae XH7 was adaptive acclimated in the system rich
in xylose for a long time, and was used for ethanol fermentation with stable xylose metabolism.

Finally, cellulosic ethanol was produced by using corn fiber raw material in the improved
pretreatment process and the biorefining process chain, and finally the ethanol fermentation
concentration of 70.12 g/L (volume concentration of 8.9%) and the fermentation yield of
fermentable sugar of 0.43 g/g were obtained. At the same time, the yield of wastewater was
9.93 kg/kg ethanol, which was similar to that of corn starch ethanol, showing an important
industrial application potential.

In addition, in order to reduce the cost of citric acid catalyst, the citric acid fermentation
was carried out with Aspergillus Niger SIIM M288. The citric acid fermentation broth after
simple solid-liquid separation was used as the pretreatment catalyst for the pretreatment of corn
fiber, and the ethanol fermentation test was carried out. The yield of ethanol was close to that
of commerecial citric acid catalyst (61.02 g/L, volume concentration of 7.7%).

Key words: Corn fiber; Cellulosic ethanol; Acetic acid; Biorefinery chain; Citric acid
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Fig. 1.1 Composition of lignocellulosic biomass
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Fig. 1.2 Corn stover-to-ethanol process flow diagram used for integrated pilot-scale testing
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Fig. 1.3 The basic structure of general biorefining platform

132 TRALFETT

WAL EEAE, TR ERYE. . Bl pH T, SRS PR F3T, 42
AR/ T 4R ALY, TR 10%E 50%MIARFZR . £ AR 247 4 2 5 R T
WEETTIFEAIRZ , KECAT 7 R TRAL 3L | B THAL B . 25 TR AR TAL B . 2730 A Tl Ach 22
VRS AL BR . A A oA B DL P Rl 22 MO VR AH A ) AL B 5 :U5F . 7 NREL
ANHEITEET, Jel E AR 0.4% (w/w) B NaOH IE T i AR R R4, 2 )5
¥ 0.8% (wiw) BB RV IR 5 1) B R FEFT LA 40-60% Cw/w) [EAR I il Ak B 2 97 2% H
PL 25-40% (w/w) [ERHES, A FEFERT 10-12 b5, FIFH R4 O BRI 42— w2 Le
AT AE AT TRAL R, 45 R E W] £ 120°C I, KA B SRR 0:1 253 4:1
I, K OB AR ZEFREN 29.4%~91.6%, LF4ERMRA RN 82.5%~87.8%28,
K H 2 M TR I, 23 B FIRARR IR PR g AT TRAL B, AR 4E 3R 4 73 R/K i AS 2R 4R
BT 167 1%, BRI 24 h FHEF] 96%27, WAL, 2% (wiw)
NaOH X F B FF A TR AR B, MHEL T2 X, afEBRRmE T 5.6 580, Kt
BRIR B, NaOH IR I /N FEFFHEAT 2B AR P32, Wil )5 SIS R8T T 3-6 fi5, K
BEAS 2 ) ST 26 A A RLIEE T3 0PN R AT VR B VA TIAR B, L o P Ak B 792
FE TR T (Non-acid and alkali pretreatment), #{iAAZZE0F H B A SZEE Tk
HTI, G I WA A BEFIAHE 15 2850 1A 78.5% A1 41.5%PY . PRAAH AR B g 2 —
Tl o A 5 41 4 2233047 1 AR 4 T Ack 25 00 100, sk ) P R L G A R SE R B
B A YR FOKCHEAT A PR AR TA R, R A 2 (0 7= P i R F R 1A 7 2R 15 BN 12
Tho BEXSAFERIAR B 4EZR AL, AN F B AL BTV e R A R RCR, BRIk &id
ML ER A, RZE A TRACEE A AF, X A TR 41 4 2R Rk 3R 47 I ) FH B By s AN T
P
133 FAMER AL

DAL 2 Pl i T AL B R LA — A, WIRCRAIR TN . RERER . iR KHE
WA TFER SRR PR, AT IEA R 0 R b 27 2. AT b B IR
B FEUS AR BERARTE bR, HE M0 (AT 2T 48 2% A= 0 1] 0 S FH i S KA T4



BHEET KPR %5 T

BT DA BB R TRAL B ERAE AR AR, ACSELS % FIT R — B S AU AR HAK R e
FAL B HAR——T AR TAAL B (DAP) FEARP8, 2 AR % 26 R BRI L ARV
58 KEBARIIA B AT 4E 2 JFRHE & R 2 AT A HR A, P ARRE KRR 2R )
N2 25 P IR AR ) s 5 R 32 8 HUAL B ) 5 25 AL S R A FAL R AR T TR I
FEARTIRAK A, PALER JE A A5 2 4 2% TR DA R A RIORL AT 25 IS 24 B 7t TR,
B TRl HL R RS, SR IR D 1 I RHE TS B A o i k. b4, 4l
Xt FRALER i R A B A A S, 2T 4 2O 4 el W PR K A R ik B 90% LA E, A2 BAk
W] DAP XF AL E R A5 HEE 2 1 R4 IR E o

1.4 FiE

1.4.1  FERHHIPET

i —E MmN T ERAE, REALERERTE SWAER. FAYERA 50
WA 1 AENE ) B , 8 2] B R AN £E R4 B I R v 5 R — 2 OB AT 72 AR 5-52
BRI (5-HMF) FUBERE . AR5 R PRARIE 277 A8 T A 7 B 1 S5 WS4 P DL S FR R
LIRS NN G400, fE— M AHCH FeH, BREEAN T &I p 2Pk £ 2 5 g
(AR 3255, 1Mk B QBRI 2 5] 40 M o i BR A AN 2 etk e M2, bl T FiiAb 2 5
AR 2 24 25 DRk DA T A OR8N 5 SR (0 AR PR R, ToAh 38 s 8w = A= f el |
WA R 53 LI B TR B AR SRRk, B /b8 B T3 R AR R R <R AR,
RN DA g Bt A2 0 I A T R 2 X B A VD A 3 sl oK fi S 100,

AT B TR YRR R, RIERm R 4R & B R BUEMGRIS R 2 4
KELE, (EdZMFF7EH, Takahashi 25421 Zaldivar 288050 o R B R b — g Ik &
LR IIATAE NG 24 BRI I B A e A 7= L BE R RE JT . TR, B S FhR AL 36 2 5
SRAE PR IR AT I OREE, X R A A — 8 T B R S A A
142 WHBETB

TERTA B A4 2R R R AR Fi b, C©8f 2 M i & F Bl T 28, ¥
FEB, F BN R EIF K47 M B B R A& 1 ), A K ek R s
Wik, (HI2 MITEAR BT EIEA R SEIL T X s B B R 2B, M “HR 7, HERK
/K EATAS R K R BEsG, BESG N 7 K RAS, SN 1 R K e B RA . b2 T
BOWA Wb G55 . AT BRI EE, HA B HHI Y B FOE g, 2 s R
584 2Rk, DRI AL S A s 0 RS AN B I I 55 7 7%

ARS8 5 R FH AR ) Bow) A B IS A TR 41 4 25 TR R 34T I B A0 2, B FH I ZE P Bt
R PRZ Ran SO A KAGEE, B —ER2HBCAREE AR, JEEMHIYIED
i 25 R I R A D RE
143 JFALESAYINLE

FEA SIS % 2 Hi BRI A, PR A AR WM Rk O 2 — BB A A ot Pl A AR
JR A 2 2 AT I P 2 B A AR 2B o DRI R FH R4 47 2 0 4% i B RS T A



%6 W BHEE T KPR

% Amorphotheca resinae ZN1 (CGMCC 7452) 228 7y Wi, R g8 FER S E
R BL5E KANTE B Paecilomyces variotii FN89 (CGMCC 17665) MR AT A R
AKRE, HEB RS TSR T GRS . BILURTRNEEASH
PRI I KRR Fv s 08 45 R G mT R 4R ST ZRE R B . [RISRAE AR FE A, Xt
Z B PR B F ORI A R 2T 153 1R ) L) S

1.5 K4

1.5.1  FORAFZER F ZRIF LRE

TR AT T KRR ANE R, TR AR 7= R K B i R v 1 gl
PIET 481, KT T2 A HETE 50-55°C 61E N, B E KRR 0.12- 0.20%H
MR AW 24-48 /INIE, SR JG AU BEIEAT RIS, BT fe (R 21 4 5 R FL 1
FER . ERAFAHARR Y 5, R MES B R, ERPE R KL 80-110
g/kg T-E KB, i BRI TR BN TR 2K 2.56%107 t, Rl ] DAE S T K 4T 4k (1)
FEERMEAN 2.43%100 ¢ B, [ 1.3 NE E ARBTG5 B9 TR EF4E R s

B 1.3 BRTHIEKREG4E
Fig. 1.3  Air dried corn fiber
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Corn Fiber Conversion to Cellulosic Ethanol
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Fig. 1.4 Corn fiber conversion technologies developed by different companies
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RERTT T 1.8%, HFEL G 4E R B WRION 19.8%, TR A] e i 12§ A4
FSC P v A P 2 b T B AR T AR 4R BRI TE Y. Norvell 577 7.5% (wiw) K
WBHR BB IR (105°C) R0 24 /N G AT BEAL AN R 9,  CEEAS R8T T
14%, XA HESE BT HIH 20K AT BB IR I T A BE A0 e #n I G A HEAT T R, A8
1R UEND B AP K R R T bE , T AETE A2 T 2R 4E R KM, UK B B H R AR
BT AT RE AL J 2R IR B 782 18R B, Rk T REAE K. (H2 i FT i 3
AL PR J5 75 2 R EKG T AR R 2K, BERELZKERR, WM 17 HKE,
FRAR T BRI AT AT . UL EER R TE T2 7, Tk T 2R AR EE2GHE AT
(1), AH A 77 SRS BUE 72 SR ARAAE P2 A (4R B = &, [F e
PR KIS 2 1) B o

L T2, R EEE T TEAARBRAHEE R CE, £, T
BO K hiEe T Bodh AT A Wil Ab 2 vw IR L AR MDA, PR oK ZF 4R B A SR B AT
KRN . VETFB, B0 Lin ZUME B B2 3 mm BXUEA 5 HALE 140°C T
XTEVEM I ERLYEFAT B R AL B, DA & 2248 6.7% (wiw) #EAT 5 2ERG (2 pE 1L
PR, TLIAFE] 29.08 g/l L%, FALAILE] 88.79%, SRTHR A % HE A3 F MR
Wi BA 0 IO BRI A 1) 5 i R A 75 LS 1 1A ;. Kurambhatti 250725% H 28 7R Ab 38 AN
MR EVE AT TRAL BT, SRIG IS INET YE R B IEAT TR A 4E R L R, I & R IFA
ZEIAC B FOR AT E R PT K B A REAS 4R T T 10.4%.  BRIHCR FH A EE T BON FoK 2148
BEAT PRAL PR A BEFBAR ey M AL RCRARAR, AR — NG B TN e i, AT B,
il Beri 551730 F =1 2EL 1) e B IR EAT 18 ( Thermoanaerobacterium
thermosaccharolyticum) ZFRiIE T WUAKYR T Herbinix spp. strain LL1355 /KGN, 25
T BOKRA Y b FE R ER BT AR RN (GAX) BIZKERCR, S5 REEESS RAHL EK
FYE ORISR T 24%;: Rasmussen S54RI B — MR8 5 T 18 00 A Jot £ 4 31 10 B fide 4
., AT KIS RNR iR BRI, &K O350 3.3 g/100g £ 4E %, SRS KHEE IR
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B, K 40% K FRACBE 5 ) 28 T WU AT IR AR OInON 30 K B T i A 1 A O R b
JEEERIR I, LB RGN 7.9%, FAERFENEN 69.2%, SR, A FRALBE %A

CHiT8, 82~95°C) FEHIALERRSH])IE K (30~90 min) AR BARHI A4 X% . H
BRI AT KA HEREAT TRAL I, 2 Jaxt FE AT BN AL, Ik AT %8 ) 5 A AR R 350 H
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IR A SR B AT I B o Bl a0, Buhner 57OV X H6 R AL FRF AR PEAIER 7T 1
Yo A5 R AL P R OK AT AE A R I FE R, 2R BIEE 73 o A 55 0 7R A A 45 65 2 e AT &K
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RIS RE 7%, AR ERER) AT IA R 0.4 g/g AKE, (AN S (1) FRUAL B 57 AR 32 i
PRI [ A2 S d B IR KRR, A AN B & T 471k . Prachand 251K ] NaOH At 2
BORGE & AR [ 25 B, UL B8 T /KTB YR L BR T B R B S, ek
LIEAFHRN 5.5 g/100 g TOREFHE,  LREARR AR K I HEBHAR 2 /& 2ot i s . PAE
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PAATIR IR R 2 S 2 A HE HR E I B, SCEIGH IR BRAS BRI s s A s s i
Tan SEEVE —MRifEAE R 5 HI FRIE R rh 3RIE 1ok H 25 th 52 8 7R R 1 D IR 1 Jd 2 1l 5
R, AR IR AR g 2 0.57 g/g HI&IHE: Liu SPOEMEE R IR HE R R 3RIK T
ATP IR RR ARG R (ACLD, 43 AR MFTERER ™ B 214 h K JH HHIE 3 84
g/L, SRR BRI R 89.6%; AELAL T, TEIEEIEIRIELAI . A
SR AT S5 IR e I R (R VR PR AT IR IR 1R R B P B o Liu SRR M Y BOIR 22 £l
BEEAT AR B, SRS AT R M A B4R A0 Barrington A1 Kim®2VA F i B i
%, WiE | Aspergillus niger NRRL 567 J B I ) fie (5 IR S AL 0 S RS, 2845 3]
FIRIR IR KR BRR N 354.8 g/kg TR & 8F. Yu SED AT T — Mg 2L g MR B ] 52 1k
4t (PAF201), IR 8 AN MIHIATERERGESEAMRIRE 7791, 600 h J&, FTPERIR UK
IBF]162.7 g/L, FRZATHIBEFEAHELEL, AP I KR BRI AR T T 11.3%.
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Fig. 1.5 Strategies to enhance CA production by microbial strains
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BIEVIB S AT, R HHAT IR s, A R IIAC B RE b LR RS e 4 (Y i) AL
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b [ ot 2 X6 BRI 35 e (] LR R IL U, R F S CE 3 Vi 1 AT AR BB VR AN mT
RS RRAAERERME SRR Z 5k, RIHER AR, Pa4ER
Wy FH LA BE IR R, T TORE A BRI BRYR T I 7= AR L ORRE . FORE Bk =K
WEEM 2 —, 2014 FHEFEXET] 7.17 1200, RIEEFASYFEES AGC) T
W, 2020 FKE R 11420, HIEEARDIEEAE 100 PR . FORLF4EME N KR
Rz, H=2 KL 80-110 ghkg T H KB, i AkiEd i BN T E KT EN
2.56*107 t, AR DAHEST FOR A4 1) 7= 8RN 2.43*100 (91, 7850 R FH FOKR A4 1
R R BN EAT AR B B4k, T AS R 15 B O K FLAE o R BB IR, R S L i R S
A . Z BT IR 201 98 DA FOREF A AR AR 4L 7 S, FRT T RER
PR 57 64 TU - AHIF 5 SR SRR FE 8 1 A A e A 7R T 388 1 1) £ TR AN e 58 A R TR 1) R

B, SRR A VLR B R 5/ T LA R0k > H I ) S RA ) R R R IR
TERN—FSIR = RIR, # ZNHT 47500, JEHCAE AT R PREET
R4k T Aok S s n 7 B 200, ML F5ER . DoRIRESRA LR, M ERRINIR MK
55, J& M T AL FORAF RO B A, BRI AT 7 25k AT IR RS IR 1E A &
KAAE R B oAb, FEARBETCH IR IFIRUE 7 — R0 fAb B 5 FOK 44k St b
RGBS, RIS AR B AT VR AR, MG IR TRAR B J5 1) FOK £ 4 S AT =i ] &5 ==
TREAL, BERUH KR CBEEE S, R T AR R AR A . A BT RS R,
ren [ S A G RIS 25 0 AR M B %o B0 25 B R L S0 0 D T 52 2 7 T 8
THEEMER. FHCRH T UL R BRI & S AR R T . ER
RE BT WAL HE . M TRERVE N T TR, AP BRRR PER5S, w] LA &b
DI A B AR Ja B2 AR VIR IR, 055 M RR PR A O Mg b 1 AT AR RS 1)
TR — S AN i S2 e AR VI 25 B ik, e 88 72 1A PR | ) S5 A T 0 S ) AT
A5 R B AR o A5 FH BT 075 05 1) B PR 56 I35 B3 Paecilomyces variotii FN89 £ i [H & N k4T
VIR, R T (2% 5-HMF. Furfural). BiEEE90RHE IR A S R ik
TCEREE, B3 TGN OB R B R, BANEAL . BT M R B R T AE [ —
RIFFENFAT, MR 144 ho %M A R4 S e AL TRl RE. 5
R EERIA L, Bt T ZRENE 2.1 Fior.
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Fig. 2.1 Schematic diagram of traditional biorefinery and the process flow in this study
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FITFH F 7 b £F 4 2 Cellic CTec 2.0 T H i 4E(E (FFED EMEARFRAF, KH
NREL A7) LAP-006C 715 41 4 25 e 4R A v 203.2 FPU/mL 4 4E R 1, KA
Ghose 81 |5 21 4k — WIS N 4900 CBU/mL 21 4E &, Byt 108 B & B2R
Bradford®l|45 87.3 mg/mL A 4E =B . o-Ek i HTAA FIHEIBERE (LIS GA-LNEW 1
W EARERE (RED AV TREERA R, FMEES] 7 0B 55928 21,000 and 103,900
U/ml, 1 H2Z AR 4°C 1EIRIKFE 28 RAT -

P i FBRGR , EAR IR S J A TR AR (DOEHER, JEED, HR
RFNUFT R . F AT B . KHoPOs. (NH4)2SOs. MgSO4-7THo0 25350 S 5 [ 24 4k 23R 571
HRAR (L.
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222 WM REIREE

LR B B AR B8 IR HL T B Paecilomyces variotii FN89 LRk AE H 13 A 40 T8 A Ol
Oy FHRRAAAE B S TR R b, T 3538 Paecilomyces variotii FN89 I1& Bl 77 2
LS 20 g/L M & BE . 1 g/L BERFE . 2 o/L NH4SO4- 1 g/L KHoPO4- 1 g/L MgSO4-7H,0,
I B B IR B ) AN I 77 A B TR R A LS 2 g/L KHoPOs, 1 g/L (NH4)2S04, 1 g/L
FEREE A1 g/L MgSO4-7TH0. %6 [IRFUTE 5 Paecilomyces variotii FN89 s ASZHG = N
ZHIE S 2 P A B2 5 TOKFE YR 7 18 I 1S, 1 4G 0 & M i 4 5
KIIEED I Atk , P DAKE R % T S A ) 470 56 4 A o e g A . 1Y) I 35 B Al 2 12 1)
g, HEEAIRK R . < BRI 7RO i 5E I & A X R D Rel 00,

O WE R MR BRI I BE Saccharomyces cerevisiae XH7 & H Ll 7 K 2F (IR RH 22 I
B, Z BT H R B RR A T IR B 2R ARG KR 0 B AR Y U AR B Bk Saccharomyces
cerevisiae BSIF33, 281 L U&E AN &8 ACHE 1 & ks 72 38 DI 753 2 10 TRE Ak, 1%
B AR T ATE ) P 860 265 7 1) (R0 I Y AR AR HEAT B 0 (R B B AL L R B 0O, B iR I 1 97
FONEH 20 g/L EENE. 20 g/L EREMRLLK 10 o/L FEREE ) YPD 5595, RR4A4ER
RRP KB EH R EIRERARYE, BT RS EER SRR, X280
TR JG BRI A RE & B 2 R s IR R G0 e AU TR st 0 A R 1 Py T G Tt 5
XH7 AR, &R R 2 FE AR AT QB3 B, BRRESE T v] K e bE
IR, AT T SRR R B

TP P R (1 i P R o 2«

— P r R IR YPD igRdk

TRM R FREE . 5% ERIMEE S EOKA 4R K AR . 2 g/L(NH4)2SO04+ 2 g/L
KH:POs. 1 g/L MgSO4-7TH2O. 10 g/L FEREE, 4 RBFAINE: 5 mg/g DM

P TEETRIE: 10%[E S BRI RS TR 4ER KA. 2 g/L(NH4)2S04. 2 g/L
KHPOs. 1 g/L MgSO4-7TH2O. 10 g/L FEREE, 4 RBFAINE: 5 mg/g DM
223 kb

PERT 12 h MR R LG FRF 4R SRR, RIES/KETEIEE R PAA R, 1200 g

(DM) E K4 600 g Fr BRI IL RN 20-L FilAbHE e Mg, Frig i g H =

9 4.0% (wiw, DMD, BI[EIVELG 2: 1, $idE=4r8h. TALIE S 248 165+1°C, 2
min, 50 rpm. FALHE NI FE A IR AE 755 A0 Zhang 25 BSIAT Hel'O2 RS2 21, Fildb2E
RINEER S, PRI R D HE . TS 1) TR LR 4R pH FH A& 20% (w/w)
() Ca(OH ¥R A% 22 4.8 /iha, FHT G S H AW I s FOpE A 75
224 Wb TEALAS LD ok B

TR PR K LR 4E ) BRI AE 5-L RIFGEN AT o KEFEZL IS AT 115°C. MET
1.8 AN KA I P9 30 i 25 A R 4E RF 20 min 34T KB, FrE okl Baedh. 559735540
G K o LSRN 25% (wiv) [Hl & &, 48R EEHE Smg/gDM, 50°C, 200 rpm,
12 ho BEEPEWHIEAT, CBEEERER, B CRIKEE EA S8 pH TR, Wb
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AR 78 SM ) NaOH W0 pH IHI7E 4.8 F24,  KEAL 45 oR ISk BURE 3 0] FH v A80BHH € i
TN 58] 257 AR R A AR

HURAEE W Paecilomyces variotii FN89 1 JG1E PDA “FAR_FiFfbEE3: 72 h, AN
37°C; A AR R -FAR b 74533 PDA R L, 37°C ¥57% 72h; HLE KK
il R 3R, HAEERIH 500 mL HETE AR 100 mL & s sadEr, EEN
1% (v/v), 37°C, 300rpm, 18h, {ENAEMMERISFEIFI . 3% 10% (viv) BIERp
EIENBFEE IR Paecilomyces variotii FN89, 500 rpm. <& 1 vwm. 37°C. [i&id e
HHARERR 12 h EUREAS I 4 2 T R AR B o A, SR TS ARSI E4 5, @
it pH AR AR AT, RIEIRR LGB A RELR, i BesZ s, BT
YRk FE KRR, B R Ak Paecilomyces variotii FN89 K5 SEASE N2 10%LL
s [N, BT OREEARE, pH HI 0.6-0.8 (1 _EFF, BUFESZEIHEAT HPLC A&,
AR s 30 AT 2% 1 i 2 A AH G4 A

TRIRAE R AT E BRI B BF XH7 FH:3036H 30 mL YPD £577 241 100-mL #EE K
H1, 30°C 364k 12h, T =ARLUG, L 10%ME8 R B2\ 5% 8 & & F KR 4R 4E K i
H1, 200 rpm, 30°C #5537 12 h 1E N A Fill. o — WP TH8 10% 3R BN 10%
[f] 5 B 1 B oK A 4E /KRR, 200 tpm, 30°C £59% 16 h 1 A =Z0F Pl BRIEEZRE XH7
SRMTICL 10% (viv) R EBE N R IERE . RIEAFN 30°C 200 rppm. SM A &AM
TV pH 5.5, KA ARRE 12h BURE RN AT A B0 e SRERIR R . DL B2 I E
==
2.2.5 BRIEGEEEE XHT FIARBEYIL

RIFAHEFERZ TR T AR E NS SIELSN, BT PA4ER oK, aRK
RN, o DAHE A = o Zead AR TR ol BRI I B XH7, H T R i
MIZNTREERIRE 1, B TR b B &N, AT SRIE R & REE 928 — B, /3R
BRI IR LS . R, A 00 A S AW AR FH 3 o b AT — e i B (& R YAk
FF YL 2RI 40 g/L ARHER 15% (w/iw) [ & B0 TR EF iR i, SRR
WITUR I Z1 7K AR Fb 8 6 s (KUK FE 208 58.73 g/L, b4k, R &AM IN 0.5 g CaCO:s,
SR RERL Y 50 mLe HARTTIEN: AR/ 250 ml HETZ R, 73 50 ml |
RIFFEIEAN 5 ml IEAL)E RIEREBERE XHT, /KR IPIEE pH WA 5.5 47, Yk
O FOREE, B 48 h 3Z FIRE LU AT i, B BIARERI A 8 2 A5 50 W B B AR 14
FAik e PHLEIEE—AR 3 BI7E 0h A1 48 h HEATEURE, JHFIFH HPLC HEATASI, 23 B BRAR
T BE () A AR U e
22.6 SrMTHE

SR EG T ) T K 2 4 % AL RS 0 T K 4 45 /K B 8 J7 V53 Sluiter 25£(2012)
(031, JE 46 R K AT 4 4153 Je AL BE G T K £ 4 v it BAp . S0 0 100661 7 25 10 5 A AR
P25 BT F AR BRYR 5L 50 2= (NREL) #UE M7, JRIG FORAF e ey & &, 2R
P — PO EREN E ), B RIEm PN (a-JEMEE HTAA FIEEH &4 44 FPU/ml,



BRI RFH 200 5% 15
WAL ZEAE N 90°C, 200rpm, 12h), 2B RFEN CHi{LEF GA-LNEW [ &2 200
FPU/ml, ¥ELZ%MH/E 60°C, 200 rpm, 12 h), BANEEFERMESEN 5% (ww)s
TV G I FRAF YR 7y (PR B 4E R o) 2 ARHE NREL i (1) 77701
AT 5E o AL FR S USCHE B AT R HPLC A

AR, KB, OB, M. 4R 5-HMF MRS Houl SIS 1 5 123547
W5E .

IR IR R R 20 ) B P SR (colony forming units, CFU)D, s2Kf 100 uL K E#
AR 10 1%, 514 3] YPD “FAR L, 30°C 1537 48-72 h Jm $5 5 7% B LUK I 40 o 1)
AKIE ST
22.7  LEEAFRIA

FIFH HPLC AT R LA R v HE A5 2 1 LR FE AT g/, 24 75 B O Bk 5 LIS 26
MRS ORI, HtE AR A RS % Zhang FUSIR LRI . HA KA LERRN:

. EthanolxW 1
Ethanol yield (%) = x 1009
y 0 976.9—-0.804XEthanol 0.511%x(Cellulosex1.111+Xylose)xSolidxM %

(2-1)

A BT AR B SR B E R AT

Ethanol: HPLC & I LBER IR EE, AL g/Ls

W: KEEERFRESF, A7 g;

Cellulose: THALER G FRA4EF A4 R & E, A7 g/g;

Xylose: TRALHES FRLF4EPAPER & &, 47 g/g;

Solid: T &) T K24 1 [ 45 125

976.9: LBIRZIEREL, KIE LR ERE SRR 2 W 1A, $A7 g/Ls

0.804: JLEMRF T, THE ARSI TR K

0.511: WREENE CHZEFEFIAN MOl W R, HONERE. FEEZA
S G e S FH PR R XOH'7 0T DA ] s 7R FE 8 2 AT A 5

L111: AAERAEEE 2 AR, &1 g A4EZKMErT DR 1111 g 7
EHE

23 SRS

2.3.1  FRNEEEERARE DI

AR I B XH7 2 285 A TR st 1 A B, 220 Al TR s P TR Y 1% B8k XH7
BRI T A BT N ERBE I RE T, (B H T ORIAE-80°C UKAH, 2B iEAL A BIAE
FRUTRE I ANIGRGIE , T AEAFACHE RO P LS o TR, A 0 BB X A ) P o 4 0
BEAT — SR G NAEYNE o Gea K 18] AR AR LUE B RPE S AT AR BRI A 21 4
AR FR P A0S S S A ACEHME LI 2.5 PR, BRRAEARET 48 h YL, Fl R
B B )R L GEFFAE BRI, WIRAETN AR S M A M e, BETS A FHACHE Oy 7 & b B fh
FEBE BRI 26 AHE IR ARIR EEAEALACHI T 70 ACRIHYRIZLIE Sl , 15 W1 43 8] TR ok



5 16 71 BRI R P20
XIAKE A G DU A — Ak, HIFRA TSR E R . 70 RLLG, Zid— Bt (A
FasE AR S, ARBEMRIHE R EFRES . 2, RBERRRIKRENTFLER 30 g/L
Fexl10g/L . o, MWEIHRTLLE W, ai-G RN, A4 5 — AT
AHE () = RO FHISE, BRI ) ODeoo 15 HH A S RIS K, 6 B AR BRI F AE 512 2k
FERRTL 20T, oz dext dHRAs S B TE R 2 AR VE R . OD600 HHZAG Y 10 LA K3
18 /itio LBERIMREEMAG AHN e, AT 10 g/L #8742 25 g/L.

40 ==Xyl =A=Eth ==Glu =@=0D600 r 20

Sugars and ethanol (g/L)

Transfer number

K22 EBFARBAARRAERKBEBFPYIL S. cerevisiae XHT

Fig. 2.2 8. cerevisiae XH7 domesticated from lignocellulosic hydrolysates containing xylose

LKA G, S. cerevisiae XHT HIARNEAR W BE W3 RIFa 2 e e, FIFHILE
PRIEAT A 93 (1) A2 80 B R B
232 FFERRTALEE 1) FOK AT 4 R [ 25 Bt dd fE

Y5, AR WL B ARIERT R4 TR AP 4R A 347 TllSE, 4550 BoREIGH T
KEAGES 12.320.60%IFER . 26.50+1.10%HI4F4E KA1 30.50+£0.80% 4R 45 CORE
. 238 165°C. 2min. FFEFRFHE N 4% (w/w, DM) KTk 2 5, 8PP im
RS RGN ISR R A AR . WK 2.1 Fow, St TiAbE, FOREF4EHE
RO K E 7K 6 SRR B T AT W o 63.3% 1) - 27 2 3 W IR FE B o SERE Bl b, X
EWEUEENTBNAERA S ZE R, G TEEA4RBREIER . 20t
JE R KLY n] R EEHE 5 TR 61.5% (wiw), HPARagges. Jaqik. #mhE
AR LR R B FERIANE . DARR T4 4 F N ME, AT IE IR PG B A2 F 2R
i (5-HMF) FUBEEE & 50509 1.3120.03%F1 0.56:0.12%  (w/iw) . 5 L3R 7K fif ik
OIR, BB . TEE =L 48N 0.7940.12%  (wiw). MEESRE, FIH
FrBR RN T oK AT AR AT 2R R TRAL B S 1 Rtk oot [ 25 73 RO RHOR , T80 T /R )
AR IERE, NJE SRR G R B R B E T JE A



BHRERAITKFW LA W17
%21 FRAEHTAENEE LT YN SR

Table 2.1 Sugar and its derivative contents of corn fiber before and after pretreatment

Components Contents (%, wiw)

(a) Raw corn fiber Starch 12.3040.60
Cellulose 26.50+1.10
Hemicellulose 30.5040.80

(b) Pretreated corn fiber Starch 0 (not detected)
Cellulose 20.124+1.46
Hemicellulose 9.58#0.73
Glu-oligos 13.9140.34
Glucose 1.9840.11
Xylo-oligos 10.7841.12
Xylose 5.1340.61

FrEBR TIAL T 5 1) RoK£F 42t 24 h (S NE (K] 2.3(a), #lE. 5-HMF f14

PR A FR A AN WO 52 1 B Ak Paecilomyces variotii FN89 43[4 M, H RIHFE T /D& (4
4.5%, wiw) RIREERE. WiEE S I KA 4E DL 25% 8 & 2T FP B S5 3L R T

(SSCF) (K23 (b)), &it 12 h PITAEIERE, KEEOh FSHEKEE N 130.2 g/L (G
HHE 88.7 g/L, AWE 41.5¢g/L), LIRIREN 6.86 g/L, HFEHE KEZHIATHRZIET] 8.99
g/Lo BRI, iy ) SRR FE 7™ B Jgl o R I T PR ) 1 AR KO OB R B AT, S 3R 72
h CREM AR E R 31.6 /L, LEERI=Z2AUH 0.17 g/g "R . W28, dmma
PRI FE & FEUR BRI 22 R, A% 48 B TR AR WD R R AR AE A B b e vk 58
BRETE KA LEA S i QB EE, SR S0 A KE CBEEEAEAE, IMAEF 2L
SSCF 1 A LR HITE AR TIOR8 R T TR AR RSB T

(a) Biodetoxification (b) Simultaneous saccharification and fermentation

——CGlucose —@— Xylose —8-Acetate —a—HMF —A—Furfural —@—Glucose -©—Xylose —©O—Ethanol -8-Acetate

100 1+ 10 100

Sugars (mg/g DM)
Inhibitors (mg/g DM)
Acetate (g/L)

Sugars and ethanol (g/L)
ey
o

T yALY T
0 6 12 18 24
Time (h) Time (h)

B 23 EHEMEHESRE () DURESNFEPELSIEEE (SSCP) (b), SYBEAE
37°C 4/ F#47 24 h, SSCF 7E 30°C. 180 rpm &4 F#ET 72 h
Fig. 2.3 Biodetoxification (a) and the subsequent simultaneous saccharification and co-fermentation

(SSCF) (b) in the regular biorefinery chain. The biodetoxification was carried out at 37 °C within 24 h.
SSCF was carried out at 30 °C, 180 rpm for 72 h
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233 VREAEYIERGIEE, CRONE AL S A R U U

H T CRRAENEA T R h RE SR U B B G T KB PR E, SBCR KA 4ER)
CRERBETEAT . BT ARG AR HR RN, FAT5E 7 — PP 24 () kg . AP
VAL R BT, TRAL IS 0 FOKR AT 4E B 32 DL 25% 8] & & 7E 50°C #EATHE L, R
BEH A BRI R, SRS BRI R R SR R, IIN Paecilomyces
variotii FN89 Il ¥, 1F 30°C FiHATIEN . MEL NG, BEHT OEKEE.

R AT BN FOK A 4EEAT Pl B 1 SR AL I 55 S e Bt 2R ] 2.4 B, 6] 2.4

(a) NERFHEZT 12 h LIS, 36 h B a5 2 A mT Ak B AR ) P 1 vk 5 A
1,22 (b) N 72 h B O KB R P A] KRS . PR DL CEERR AR AL . Bl
FE P LRI 94.06+0.16 g/L %6 2 AT 30.94+g/L AME (R4 282.17+13.23 mg/g DM
177581 % B AT 92.81+6.78 mg/g DM HIAKE S &), 5 2.3 Hrn] KEENE &R EEA—2L.
] IR VR B B4 4.65+0.19 g/L 2.2 (21.8442.34 mg/g DM). 0.30+0.01 g/L 5-HMF
(1.30+0.04 mg/g DM) F10.27+0.02 g/L ## (0.56+0.02 mg/g DM). AHELFHiAb# 5

T KA YR S TP A I B () . FR & B (7.3 mg/g DMD, FEAL G153 1 2 RK FE #i
176%, XRG4 2 AR 1) SRR AR L B R FBC e o o thAh, AT DRI (141
HIW S &5 HARHE T 5 B AR L ERAR 2009, Rk A K IAE SSCF i 2 R 4F 4t %
T P P A A AU R DB R

2 36 h KliE (Kl 2.4 (a), KEERTITAR R 5-HMF HURREEER AT 2 1 [
fit, HATREEFEARZE T 9.06 g/L, HJ 29.03 mg/g DM (4% 5.26 o/L i % F# Al 3.80
g/L ABE, B2 T 17.64 mg/g DM Al 11.39 mg/g DM; U HEAGI B EUE, A%
L. KB 2.4 (b)) NREEIRE, RALTRBRAERT 50.46+0.63 g/L 28, If
%R T 2.48+0.20 g/L ZFRFN 9.5+1.95 g/L Kb

ST R AT AR IR T AL BE DL K S b A J ot 25 1) SIS A4S 21 1 88 m H SR B o RS
FER) LR (0.29 g/g) ik T HARE . FRAIHEN v] BEIE TG B 7 4 AR R
SEAIKE. WAL, VERIRAR LR A CRE R TN I AR, AR DA FE s ) A<
LR S EOM AR . 2 AT BB S RA M 1 AR PR 2 30°C HR S %A
N EE AR Paecilomyces variotii FN89 2> AE T, e NERINEELE G BT 46 2 BE &
W, TAEYIMGEE B AR Paecilomyces variotii FN89 J& —FRFE IR . Al 7R SBR M 2644 A7
TR E Y, Paecilomyces variotii FN89 B 4 e 1 7] F T-78 R E K44 T 2 WEH)
R 108 1091 [R] SE AT THEMI 7 £ 15 R TR ik R A BR3P % 5F AN Paecilomyces variotii FN89 ]
REFAAE —E TSR R



BHEET KPR %019 1

(a) Biodetoxification

(b) Simultaneous saccharification and fermentation
—6—Glucose —@— Xylose 8- Acetate —4—HMF —A— Furfural

3.0 r 30 100

—0—Glucose —©—Xylose —©—Ethanol -B-Acetate

300

80

60

40 |

Sugars (mg/g DM)
Acetate (g/L)

Sugars and ethanol (mg/g DM)

-
[62]
Furfural and HMF (mg/g DM)
o
Acetate (mg/g DM)

0 + r A T , T ] 0.0 0 0
0 6 12 18 24 30 36

Time (h) Time (h)

Bl 24 FABREVGHEENEVNRSE () UREENFAIRELSIERE (SSCF) (b), &Y
JiREE7E 37°C AT HE4T 24 h, SSCF 7E 30°C. 180 rpm &4 F#E4T 72 h
Fig. 2.4 Biodetoxification (a) and the subsequent simultaneous saccharification and co-fermentation
(SSCF) (b) in the re-framed biorefinery chain. The biodetoxification was carried out at 37°C within 24 h.
SSCF was carried out at 30 °C, 180 rpm for 72 h.

AT BAEFRATIIEAE (Paecilomyces variotii FN89 7t 2. K i F2 Al BE S ATIE)
R — 5 ) OB R B R R ORI AT R (100 IRkAm, M REERH Paecilomyces
variotii FN89 Fl Saccharomyces cerevisiae XH7 FIFiETE M. WE 2.5 (TUVEH: WE)E
BT OBEREE, KEE 24 h BT K& Paecilomyces variotii FN89 173, B2 K I¥ 48
h, Paecilomyces variotii FN89 A 58 & 40T 1 HIATEEM T /5 3 I — B 50°C, 12h K
WE, CIERBESFEFIHIC Paecilomyces variotii FN89 17k . HAHMAERENIZ, 4
Paecilomyces variotii FN89 G 1E LHER R Z I, KEFR R XHT BER S B> T
223 50°C AR E—4l. XKLL Z /TSI H, fE1E Paecilomyces variotii FN89 LRI
BERETE S (UBAh, S34h— A SEIR ERIE [ iX — i BUEE IS K RN N BRI 9 BF
KPS, 23d 48 h K, LA, FK MR H B0 78T ) B AR IR X2 73 )i/ 1 30 g/L
10 g/L o5, Ut ASMEE )G Paecilomyces variotii FN89 AJ37E A A7y H G AT A B i it
1TV KREWFE.) KL, 24 Paecilomyces variotii FN89 A5, A& & e B A% FO 40 povis
JI52 3 T R, KA R )R] R ENE R 2 8% Paecilomyces variotii FN89 34T — EFEEE 11
THFE, MTHE— P RRAK T SRR A B AR



% 20 T LHRIP T KFH A2

(a) Without heat-inactivation of P. variotii FN89
24h PP =

(b) After heat-inactivation of P. variotii FN89
24h T 36h P 48h P

2.5 P variotii FN89 1 S. cerevisiae XH7 1E i 355 7K R T R0 RYE 11
Fig. 2.5 Viability of P. variotii FN89 and S. cerevisiae XH7 in the fermentation broth after
biodetoxification.

W EEBR R ANG ORI B R K RROEAT IRAT (a); TR A2 12 h s
(7K AR AT R R AR AT IIRAT (b) o NI FRTRLEE BEA 50°C,  TRAT I T Vs o 21
10, SRJGHL 100 wl, £ YPD ~VAR LBEATIRAN, )G E T 30°CHFRA 57 72 he
Note: The above was the CFU (a) of the hydrolysate that is directly fermented after detoxification without
secondary heating; the following was the CFU (b) during the fermentation of the hydrolysate heated for 12
h after detoxification. The temperature during the secondary heating was set to 50°C, and the fermentation
broth wass diluted to 10 before coating, and then 100 uL was taken and spread on the YPD plate, and then
placed in a 30°C incubator for 72 h.

BRI T PR UE BRI P B ) TE i AR R T SR TR 22 (v R e, BT R4 tH ik
1o R P AL B K A4 11 SR A It 5 SR, AE M RE S5 5 12847 50°C. 12h Jndk, NG
BTG R OBEREE. HE 2.6 WLLEH, 76 12h FIRIE & IRELSFE LS, & hE
W ETHT 6.52%, KRBHKREE ETFT 29.9%, ZBRKEE ETFT 0.52+0.03 g/L, XFEHIK
AR X — SRR AR 3 TR REAL .

REEBBI R EIER T 70.17£1.57 g/L, S5 AEDGHIEAT R ML,
Tt 729 122%, SR UM IR RS A W R B R TR L, R FERR T T 39%.
B ATRAANE 8.34+1.20 g/L, WA ZHR 3.63+0.30 g/L, (L BRI REA] AR 52 194K 52 7 [
Wo ZRIEH, 3 =N Pad FEAMUALTS Paecilomyces variotii FN89 id ‘K ik -4
w1 1 S. cerevisiae XHT WITE 77, G2 2] T ZEKWELIT W FIVEH, ARG T ZREHALER.
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—©—Glucose —©—Xylose —©—Ethanol —B-Acetate

100
T 80 -
@ -
é 1 —~

p -

g 60 i \9
© Q
2 ] T
S 40 2 *&‘j
n <
I
g
a 20

0 12 24 36 48
Time (h)

B 2.6 W —RKINHJ5H#4T SSCF

Fig. 2.6 Simultaneous saccharification and co-fermentation (SSCF) in the re-framed biorefinery

chain with heat inactivation after biodetoxification.
T AR BAEYIRRBE R T2 b, SRR i AR, T AR . BV EEAE 37°C
M T 24 h, ZURINERAE 50°C 2644 FiE4T 12h, SSCF 7E 30°C. 180 rpm & F F 4T 72 he
Note: In the process of adjusting the biorefining chain, a secondary heating process was added after liquid
detoxification, and then ethanol fermentation was carried out. Biodetoxification was carried out at 37°C for
24 h, the secondary heating was carried out at 50°C for 12 h, and SSCF was carried out at 30°C and 180 rpm
for 72 h.

234 FREHEAWEA YR 5

ARG FRI T UAE G TR IR AR O SR, X K AR JFUR A ) 1
A W R VB DT ) S A IS T B A TR R 2 AR R D S 3L 1 5% K AR 4 AR = A 4 3% LR
Btk NTHE— P RIZHARL R AKH. BRSNS R, 317 T Yk,
B R ARSI EE R, i 2.5 s

PN 100 kg I FREF4E R, %M 2 gid e g R, B9 H 26.50 kg
43R 30.50 kg FIB2F4Ez . 1 12.30 kg IUER -

EVAL L FE S, KA 4.00 kg IR FI/K SRS R Aa YR — 2t N I R8s
W, IR 54.41kg /K8 TALERJE ARk T 200.55 kg P0kL. HAAUE 44 R
FLF Y KRR 1.98 kg & FER 5.35 kg AHE. [FIRF, EBFrE BR(E lAb # 2 o
Fefd, IR 2.64 kgo RN pH, AR ORI SON AE Ji 2.64 kg KRR
B, PR N AR TR AR TR A S AE D 25 i FE A . AL I R PN SR
BN 215.95 kg LT 4ERBEAIK, MHEILI A RS8N 25% (wiw) Kfi. &
Paecilomyces variotii FN89 FI/EWIi #5172 (B4E 12 h, 50°C B KIiHFEFE), 4HHIAE
M. 5S-HMF FZERWE M, [ TR ReRE CRIATREFIACHE) IREEG T, B3
31.49 kg Hi & HE A1 11.94 kg ABE . AEATAG &6 70 5 SRR AR SEBE R AR, X807 SR PE Bk
SR AL J5 B2 SSCF H B il /K BB 8T 2.88 kg HIE FRELALL 10% (viv) HIEL
B8 N R % = 25 M1 5 HE N5 B2 R R 3L R B 2
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RIETERSG, G REMAER > B HE, 100 kg ToREF4EFER TP (&R R E2
B% 69.30 kg) SILA G H] 29.54 kg LBE, LFEESEN 043 glg, MG THAIRHW
86%, SHIRTFRMN 2 5 B2 T 75 WAL B R I 55 L R rp /b B R I i . R
P 45 TR I R BB R R 4% 3.31 kg ANBEAN 1.44 kg ZFREL . RE IR R A s AT B0 3R )
FHE) 25.26 kg k51K . K51 G4 M0 0 215 2] 171.35 kg [BARE 0] HE DDGS (7K
103.01 kg) % 293.19 kg JK/K. TEBEAN T KA4ERIEFEAERE R, BRIACHEE T FE 4
K5 IR, FHTIRKF A . T A& G 8 R B 5 R /K A AU 9.93 kg/kg
LW, PRKHEBER RS Bk LB AR,
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s ARBUR R YE T BTE R R 2 AT R AL K O & B . AR FE 4% 50°C #OKIE 120, TREAL . AR AT SSCF 2D IRAE A — S N o

AT, MONIESSERE . BT 20N R 20 B I A 7 A I [ AR SRR R i 3R 5 E IR 2> (3.38%, DMD, LA DDGS (distillers dry grains with solubles, DDGS) ]

Citric acid: 4.00 kg

H,O: 42.14 kg
Steam: 54.41 kg

l

Corn bran Dry acid Pretreated biomasd
pretreatment |
Total: 100 kg Total: 200.55 kg

Cellulose:26.50 kg
Hemicellulose: 30.50 kg
Starch: 12.30 kg

Lignin: 1.51 kg

Others: 29.19 kg

A S -

Note: It was assumed that the starch in the original corn fiber was hydrolyzed to glucose after citric acid pretreatment. The biodetoxification process included heat
inactivation at 50°C for 12 h. The pre-saccharification, biodetoxification and SSCF steps were carried out in the same reactor, which was regarded as a continuous process.
Because the solid residue produced by the distillation and solid-liquid separation process contains very little lignin (3.38%, DM), it was output in the form of DDGS

H,0: 96.55 kg
Glucose: 1.98 kg
Glucan: 34.98 kg
Xylose: 5.35 kg
Xylan: 21.00 kg
Furfural: 0.56 kg
HMF: 1.31 kg
Acetate: 2.29 kg
Lignin: 1.51 kg
Citric acid: 2.64 kg
Others: 32.88 kg

(distillers dry grains with solubles, DDGS).

Protein: 0.50 kg
H,O: 215.45 kg

One-pot process in a reactor

Pre-
Saccharification

Seed: 8.34 kg
H,0: 56.70 kg
Nutrients: 1.78 kg

Bio-

Total: 416.50 kg
H,0: 312 kg
Glucose: 28.22 kg
Glucan: 8.74 kg
Xylose: 9.28 kg
Xylan: 17.07 kg
Lignin: 1.51 kg
Furfural: 0.56 kg
HMF: 1.31 kg
Acetate: 2.29 kg
Citrate acid: 1.34 kg
Calcium citrate: 3.49 kg
Others: 30.69 kg

Detoxified

Seed: 9.14 kg
H,0: 52.27 kg
Nutrients: 2.88 kg

-

Distilled water: 25.26 kg

Ethanol: 29.54 kg
H,0: 0.01 kg

I Fermentation Broth
_Hydrolysate | SSCF |, Distillation
I

Total: 483.32 kg

H,0: 368.70 kg
Glucose: 34.63 kg
Glucan: 2.20 kg
Xylose: 13.00 kg
Xylan: 11.54 kg

Lignin: 1.51 kg

Calcium citrate: 3.49 kg
Others: 47.81 kg

Gas (CO,): 0.44 kg

27 BRGHECEEILREER

-

Total: 547.61 k
H,0: 420.97 kg

Solids residue:
171.35kg

. - Solids: 68.34 kg
Ethanol: 20.54kg | Liquid/Solids | p 0:103.01 kg
Xylose: 3.51 kg seperation |[—>

Lignin: 1.51 kg
Acetate: 1.53 kg
Calcium citrate: 3.49 kg
Others: 58.80 kg

Gas (CO,): 28.26 kg

Fig. 2.7 Feedstock mass balance of corn fiber ethanol convcersion

Wastewater: 293.19 kg
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2.3.5  AHFFES HANAT T T bR ) b A

RN T B IUE R S I AT R TRAL L ) FOR T 4E AT S b A J5 I 55 R X —HioR
PRE L HY, 5 Z iR IE B0 TR L YR AT VDB AN 22 T7 VL TAL 2R ) A= i i R ik
17T, sk 2.2,

MR . M. #oK. DU AR T U 5 1 nT DL T oK AR 4E 1
TRAL B R0 101, i i B g Ak S AR R B T AR B 7 2 R0 i, B A4
A M. RBEEE. ORESE (R 2.2). REHRERHEI AR, (A
A B EG. PPEBIRRR, ST SR R SR AR A . A,
A —LeT 50 R A WV B AR B 5 AR R R o 7 4 25 R AT AR, A SR R |
B A B IRV AL RE 0 B 23 WA T AL RE 0 B AH S Bl 0 R o1 41 4 2= v IR - 2R 4 s A 4 Rk
ITEEARIS . S —TJ7 T, DA A ER 7 VR B 2 7 VAT I TA R AR 2 P AR HI A, T
ZHT B FE N B BRI T, B T BRSO EIE K BASL, AN T R
ot EVE R, PR T IE A R AR A BB IIEIY, R T T MR ®.
W RN K (PR 38 2 1o R (R4 P A G A T2 AR . fERgRIfE FHE )7,
T 1A A B B R SR AN R, 0 )4 B B AN R R — gk AT LU, (H X
T AT UA QAR = B AT 04, FTDAE H, BGE g A & 2 Mg 1)
A Tl I R B B S BE IR 49- 28 T RE RS B AR AR B4 1S 71

TMASHIE T AAS L VE R ) TR EF4E N R R AT R BRAE N PAC B AR, 453 31 [ 4402
B FRAYE, vTLALL 25% (1) [l & AT HE AL R % . i & B ) W A AT e 25
B, mABER TR R (70.17£1.57 g/L). HAERKE, HTHEEKRT %Y
BEP AR Ve Ry, 2™ BRI TRAL PR AR A R, TR DR 73 i 34 LA e 1 &
KA YE R FER R o AHAHIE TR FH B FT R R AR A 1) T AR BR TRAL PR, R AR Wit Vg
B ) TR A 4E i AR B, IR A BOR S Y), RN ORIE 7 AL H S FoKLF4E
() e UK R RE T o

TRAL BRI AR B OGP IR, Re S EMRARRE . (V5 S MHE. B
SRIIATHE T ORAEDR R e 7K AR R 38 o 4 DT — T3 A B A R A S o . FH o 75 T AT B
BhRE. e )T XML B R AR, ARG = B EL VR SRR, IR DB 28R
FE RIS 8] PN BT 58 O MR AE RO, FROREE KR 70 vl K BEbE . E TRk se 4Rl
BRIV, X245 0B TP B n 2 bRt o AT T AT IRARE B R .  BRosb 1 sl 4
AL, RN TR e T AE R B AR A BRI

X T ER TRAL B G I BRI 5 T B, 2 AR 8 F B h THA K. TR,
TEPEIRIBR ST B (3R 2.2). ETEAEMHGIRE, XM EYRL (nZ2 it
FREFD) BIFESEYINEE, A LRI EEE I 48R 5-HMF FURREE S5 49
ARKINHY, RIERBERERFIER K. BT ERFEREFERSER S, 0
AP YE R TEAC IR AL B FE A K A, RIUEER 7 L BRI iR B8 T IR A g5 v, TE RS
BRI RIS MR . ZERE S ORI AR T, BB B S MR, 7 A T R T R AR Y

Ny

= B

I



AT KFW 2000 25 7

AR, DG TR EY R R IR A G T IR 4 A et . i
SeREAL A I R ROME RS, R AR B RSN PxS £T 4R R B MR, K LB
FETUREAL TR ORI 110 37 7 125 ) ZE P Ot B VR PR AE e 1 5 B A Sk A BRI T R
TFRAERRERE T, M MR AL SRS AP IR, SN 20 DR 1 A T TR PR ) 8 2
FeAt. fER— LA NIRRT R I RS (8] 7 e s e, WA R0 &
INECa e



%26 HBHRERET KPR

22 DFORELENFRLEST ZBER BT U RIMER, AFEXT A E vt HIA H

Table 2.2 Summary of cellulosic ethanol production from corn fiber feedstock (excluding the cases of co-fermentation with starch)

Pretreatment Detoxification Solids content Dosage of enzymes Ethanol titer Ethanol yield Wastewater  References
(wiv) (per gram dry matter) (gL (g/g corn generation
fiber) (g/g
ethanol)
Steam explosion  Qverliming 2% 22.5FPU Celluclast 1.5 6.9 0.49 ~145.1 Bura 2141
with SOz 5 IU Novozyme 18850-
80 U glucoamylase
Dilute KOH and Water washing 5% 25 FPU Celluclast 1.5,  12.5 0.25 ~78.2 Géspar Z:+]
NaOH 25 IU Novozyme 188
Dilute NaOH Water washing ~4.3% ~15FPU (Spezyme 33 0.077 ~86.6 Shrestha %
CP) eel
Liquid hot water ~Water washing 7.8% 10 FPU Celluclast ~20.0 ~0.26 ~29.3 Mosier Z5[111]
1.5L/Novozyme 188
Extrusion None ~7% ~5.9 FPU Celluclast 29.1 0.41 ~34.4 Myat 571
1.5L, 38 CBU B-
glucosidase and 1 FBG
Viscozyme L
Citric acid Biodetoxificati 25% ~10FPU CTec 2.0 70.2 0.28 ~9.9 This study

pretreatment on
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PRI — AR & T RA LR, R R S AT RO TR A 4EHEAT AL 3, SEIL 1

X H AR OR B AT AE 2 A 73 B BRI 258 B T 0 BOKET4E k) 213 B AV AL .
R FELRWT

(1) FPERIR TRAL BRAE 78 70 BRI AT A BB RO RT4R N, AR IlsI ™ A4, FRAR T a8
Paecilomyces variotii FN89 =4 i 75 [ #E & 5

20 RAYIRGIEE, KAV R 2 BT AT, SRR R At e
W, PR S SOBES JRAL I #rh 58 MR SR, AT AR R LRV 1ok vy T S M) LU A I
IR R, 2% CBRER R B 9 70.17 /Lo

(3) Paecilomyces variotii FN89 T LLTE AR DA A5 A 4EREIE P A S 1
i, R ALV IR N LR R 2 RIS — OB e B, R A R .

(4) XFEA T ZMAEBAT YRS, AR R bR BOKHEIAN e b5 55
JIE S £ ORI FEE AN, RERBHSnEKETS, wTE
BHATHIA4E R CBF B R B A w5 ), BIUCIE IR B AL T 5%
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E3TF BTERIE BTN ERTLEAITEES

31 3&

FOREFYEAE N — M S L AE R AR R 2T 4R 3R ORERYR, 0 RO
RSB FagG R 17— € PR SRR IR 4R 2k o Z AT e, FRATRA — Mg i i T
27730 X AEYYERRIBEREAT A, R R A R B B A Y A AR A kAT, L
LT AR B KR, IR TR, AT R8BI I I RUR . 2%,
A E S B R R, SC T TR LEMR S LA, 15215 m SR 1 R,
B WK HEBO REFETE b B A S FOKTERy C 0 — 30, A B B Tk B AT 5t

ZHTEAVE AT IR, RN SRR AT IR IR « AT ERIRAE 9 — RO SR AR b, Ak
J TN T SAT B, TG PR AT A O TRER T PREE TR SRS 4R A A A i T
I fE 2P 12, A F IR IR ML R SE B AHIIRESS, (H AR LESEHFA L
(TFERAET, WEHGPOKAR . BIIN TR S 10 SR 4 = Rt 2
Je, WURAT AR EORHRIEHET B4 B 2, RIS BN TE M At — PR, Fr
BRI A KB B B2 DU -H AR BRI 8T, B gnd 1 LR A, A
ARARH B HL T e TR, NP & Fh AR YU BEAT R R A B RO I FU A A 1 ANEE Y
BERE .

AL E ) I Aspergillus niger STIM M288  ( i TMV YIRS, R ED
e MRIF R AT IR R I PR, HLRE AR M R R s R AR RE . Z AT AT AT A sE
W T BB Aspergillus niger STIM M288 1EA i 21 4k 24k 2 H [F 2D WAL 5 07 S R BE AR 7=
A FATEIR, FHRAIEE] 136.3 g/L [KIfris R i Kk E 58,

F KT DI 0 B VA 0 1 0 FOR A e A S N BRI . RS =387, EKGER E
FEMRFLP R E E—T AT, IATEIIAH FOK G LEREAT T OB R R,
Xof N FAt B B E— D AR SE BN B KL B A ], T ZHAuan &l 3.1 s
FARTEB BRI, H P R ERER BN T SR R P BE AL 1), A
ML B 45 B AL, 3t B b TOKEF Y SRR AL B A
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a-amylase, glucoamylase

Corn starch—>Saccharification —»Cltrlc acfd - SOhdS/h(_ll,l,,l,q ,,,,,,,,,, SolldsremduetoDDGS»
A fermentation seperation

Citric acid
fermentation broth

Dilution

CO”} starch _, Cornfiber _. Dryacid __ Neutralization— Saccharification
production process pretreatment

Biodetoxification
and co-fermentation

Lignin Residue to combustion Solids/liquid

seperation

-— Distillation

Wastewater to treatment

Ethanol

3.1 FOREFEM I KIER 5 HIF B T ZRER

Fig. 3.1 Process flow chart of corn fiber and corn starch being utilized

FEA/NTTEIREFE R, FRATTERIF R 03k () oK Ge by A k), 283 Ak A bk i 25
FRIT] R IeRE, R B2 Aspergillus niger SIIM M288 A TITAFIR K. KIF#LE R
Je, HTER SR, WG W R RER 5, msa R 25
B, (R RREAMET 100 g/L MFTERIRIE R . 2T BRI AT LA AR TR 44
TAL R I A2 H PR AR, X TR AT TRR AL 3 . FAb B 5 1Y FOKR A gt AT 4
I3 N T R RS, I £ R IR AR 3 b R B o o AR e v v 1 8 IR BB, 3T
M SEGIRER TALEE . T SEI RS St AT AR R IEAT TRUAR BEAH LE %A A AR B A1 5 55
32 MESHE
321 JRkh B AR

TRy CEKRIE E H E SR, BATHEATHE . 015015 2 RURE /N HL 5T 35 51 (1)
TRk HABEERL B A ARAVEN 2.2.1,

3.2.2 PEHRAIRE IR

R ME Aspergillus niger SIIM M288 1K H _Filg THOVRUAEYRE A (FhE, B,
A F IO 60% (viv) HIMPL 1: 1 (viv) BIECBIRIAE-80°C FRITR UKAR o
TEALZ AN PDA B3R R 048 200 /L i+ B Cl it + SR R B,
20 g/L HiGIHEAN 2% (wiw) Biflg. BAh&EMMFREFRER SO 70 g/L WA BE, 2.5
g/L &ALE:, 2.5 g/L R — &40, 0.25 g/L -L/KARIREE, 0.24 mg/L F/KBRERHH, 1.1 mg/L
LIKBRIREE, 6.4 mg/L LKL, 3.6 mg/L & Ab4.
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FH - T A R 5 K £ 2 it 25 040 B ol R 2 I T T P R LG I PR 5 97 3 PR L 2.2.2.
323 FKMREAL ST IR IR K T

281 AR B S5 () KR I AR B R R VE R, W BRI o A AR LA i R e 0T
HHHATREL . T REEREARE AR 90°C, #EKIEM ML 2-L AR it
7. a-VERBERIVRINE Y 22 U/g DM, WALEAEN 90°C, 150 rpm, 3 h: HEALEEH 7N
5 100 U/g DM, HEifb 24149 60°C, 150 rpm, 12 ho E KA E 8 20% (wiw),
WAL 45 TR e F KRR K R L RS 21 5-L I ROBE s R AT JR Bk %

WM E Aspergillus niger SIIM M288 MIKAFE % %5E| PDA [ TR Hh i AT
k., 28°C, 72h; ZJG M PDA RiFRIkrh i BIFh 135 kb, @i ekt Hok s il i+
W AT IR EELE 2-3x10° i1 7 %/mL, 28°C, 36 h.

BN UK AR Fh PR DA S FHE IR0 OV FEE A RS — i N R RE k4T
FPAE BRI, RIEESRAT N 33°C 300 rpm. #1146 pH AZ 6.0 L4, J54E pH A#Edl, 1
vvm A&, 192 h,

3.2.4  FIH BRI TR 4t 47 TiAb #E

FrEEmR RS R G, B RS 2553k 200-mL (Y5 .CoJfiF, 10000 rpm, 15 min, 15
BT RR KRR ) EIEW, TR DL B TR A AE, AFRE RN B 81E. A
HPLC Al bi& AR IR iR Bl Ik V8 0 7K A A R IR R P88 o T Ach B 5 2 AR 2,
FEHT 12 h 2 S5 0E TR A 4E R & /K &, I8 Bk E T B AR B 1) )RV AA % . 1200 g (DMD
FKF4EE 600 g FPERRIEBELEINN 20-L FALBE B g rh, FrgmRIIER &N 4.0%
(w/w, DM, RGN 2: 1, fide =280, T S48 165£1°Cy 2 min, 50
rpm. TRALFE 52N A R 4R D5 R Zhang 25 B5TRD Hel'%Y, FRALFE S N 45 R 5, Wk
MR R HE o TRACEL S I B oK EF4ER pH F /D5 SM 1) NaOH ¥R S 4.8 /2
H, RT Jagkm e e i g 72
3.2.5  THALFRFOKA4ERIREL . B8N I A %

H P AT R TR BRI TR A 4E AL . BN SR R SRR 56 2 T R4 211
G YRR, A R0 R AR 4 5 TR KR RS, ORI S SR R BERe % IR
AT

TR PR R OKLFHE ) PNEALAE 5-L KIFGEN BT o KEFREL I AMICT 115°C. MK T
1.8 AR KR B N B R SR A AT K, APkl Bl SRS aid K.
WAL R 25% (wiv Bl & &, 4R M E Smg/gDM, 50°C, 200rpm, 12h. FE%E
AL AT, OB RKERRG, PR CRRIREE FJH S8 pH TR, SR #h e SM
ANV WK pH P HILE 4.8 Zida, WA 45 RIS HURE 0] FH v R AH £ i 0 o 6 26
R ANAHE R

HRAEE Y Paecilomyces variotii FN89 B 4G1E PDA Vi FiFfb3EFE 72 h, WEN
37°C; A5 FARFRIRRFAR b 714423 PDA R b, 37°C 357% 72h; HEE KK
- RNE EPE T, BRI A 500 mL HEZZS A 100 mL & s ey, BfhEh
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1% (v/v), 37°C, 300 rpm, 18 h, {EAAEDIMEFERIFFIR. 3% 10% (v/v) M
EIENBFEE IR Paecilomyces variotii FN89, 500 rpm. <& 1 vwm. 37°C. [i&Eid e
HRERE 12 h ORI A1) Je m] R BRI T

TRIRAE R AFE P BRI I BE XHT7 #8222 30 mL YPD #5785 11) 100-mL #EE iR
H, 30°C 364k 12h, T =ARLUE, L 10%MERh BN 5% 8 & & R OR 4T 4K i
H, 200 rpm, 30°C }i7% 12 h 1E N — M. K —RMT1L I8 10% MmN 10%
F S B ) TR LT 4EK R, 200 rpm, 30°C 1597 16 h. BRIERERE XH7 2R 7l LA
10% (v/v) B NI . KI#ZF8 30°C 200 rpm. SM AR T pH 5.5,
R R ARG 12 h BORE FEAR I o] R TEbE e CBERIREE . DA ESRIRI B =ik
3.2.6 IR RITE

IR 1S 2 MRS Zhou" 5E R B 1y 75k S A AT T . HAHN:

[CA] XV —[CA]y XV, M[Glu]

. i1 N % o
Citric acid yield [Glulo x Vs M[CA] 100%

(3-1)

AR PIFERE RN A -

CA 1 CAo 7337~ KBS AT U B AT AR IR IR B, /L

V 1 Vo 73 552 R B 45 R AT AR 10 R BERUAR R, L

[Glu]o A& K ERTUA 1) ZFER B, g/Ls

M[GIu]/M[CA] (0.9375) &% %I B0 AT IR 1 3 Ak R %0
327 AIREERE. FTEER. Y. BRI AT E

HPLC K7 2.2.6.
3.2.8 LESRIITE

CIARZ BT EITEVEN, 2.2.7,
3.2.9 RS E OGBS B AR IN U

N T A G R TOUAL B (1) A R O RE R T A7 A TR T A B 1 8 R A D S 1) &
W 5 1 72 A A8 T AT A 751 P T 8 2 A M i B 1) R R A T LR, RIS R S5 4y
ST R B 3 T s v S R P AT AR

SJEE T K\ Ca®"\ Na™s Mg %5 FH &+ & & AL DR R Hanl MM 5548 21 1) 51

FHE 7 SO42-F1 PO43-Z5: 1 & =M B 7 (3% (Dionex 1CS-1100) S, FHAAG Ml
AN FHME (AERS 500 (4 mm)), il lonPac AS11 73 HTAE (4x250 mm), #F
I 65°C, K 1 mL/min. BHEEVEML 77758 10 mM (1) KOH & ¥RiEAT 12 min, 65 ¥t
N 25 mM KOH &, 4EFF 12 min, 6s WA 10 mM KOH 7R, 4EFF 6 min.

33 £R5irw

3.3.1 BB IR R R
FIE e — PP IURR =50 1R, AT HE A B AL R 100%, BRI K
FRISE R HEAL 5 FOFE LG AT AT R BRI R T8, v U S S B SRk I R B4 R . F B
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%5 Aspergillus niger SIIM M288 7£ PDA [ FREA&H 5 B IR R I& G 72 A
EWREFR G, BN 5-L RBEREH AT K, 192 h J5, HOREESERZA HPLC faill)s an
3.2 PR

Citric acid fermentation

120 3 Glu —o-CA

[any
o
o

80 |
60 1

40

Glucose and ctric acid (g/L)

20 ]

0 24 48 72 96 120 144 168 192

Time (h)

B 3.2 FoRBR TR
Fig. 3.2 Fermentation of citric acid from corn meal
T BB SR8 20% (wiw) 1 KL 5 RIREAC BOEAT R R (1 &%, 8% 33°C, T8 & 1 vvm,
300 rpm, HJ4H pH #E R 6.0, J54: pH A4, KEERKA 192 he
Note: The hydrolysate of corn flour with a solid content of 20% (w/w) was used for citric acid fermentation

with condition of 33°C, 300 rpm for 192 h. The aeration rate was 1 vvm, and the initial pH was adjusted to
6.0.

M 32 ATLLE Y, REFRIAT 36 h, & B R0 B I TR, (H A DL BT R
FIEr2. —J5H, % Aspergillus niger SIIM M288 4K FNIEE 75 B VHAE— 0 1)
WV, SECREEREN TR N—J7m, AuEdERWH, 2 pH #a sk T 3 B, Aspergillus
niger SIIM M288 A JFAAFT AR I R B3], S0 RLENAIE SRR, R i B A AR R B h A 2R
FrERIR I JE B ERA pH I OB LK B O¢, IXRWRAE 2 pH %A B2 2 (K,
KRR Z P AT DL BE 22 LSS 2RI AUAAAEN ) 225 192 h iR EE, 108.2 g [
BMEAERR T 97.2 ¢ MIFTFIEIR, 195210 89.8%. B A#AR, WiF@ES &M HE
B Al KRR, W I R AN R s R EUA AR BT, s T R
R 223 FE ARG, T I v D B 2 RO AN T S BT AR R 1) e s A
332 HFFTERRA TR YT AL B

W R W 5 i BT A I R I R AT T B %) [0 2, R G oy AT A VA R T K i
ITIEE, 2 2.2.3 WITER TR AERAT T, TALER G i) TR L 42 S iy 2D iR g
IR B CRIGTREAIRHE D . SE0E CHISEREFIRSENE) LA 7 (LT 4ER M1 4t
), HARWE 3.3 Pros.
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:Ll @ Xylose OGlucose
Self-produced I DXon-.ngo OGlu-oligo
citric acid B Hemicellulose @Cellulose
]
Citric acid |
Sulfuric acid
[

o

5 10 15 20 25
Concentration (%,w/w)

& 3.3 ARRMAEREARGEL 3T

Fig. 3.3 Comparison of corn fiber components pretreated with different acid

HEFT LA H, SRBRIENMERIZAT TAC AR L, AR IRAE IR AL, Tkt
B EKAEEAEGNA AR AR E, XEWRE B REESSEZ, M
WA AL P 5 SR LU AP JE R AR AP 4E R A 0 R EE T ok, A2 5 B R B AE
FSOR B RRIE  5-HMF 55464 . B R Pl Ak BRI K 4R 4E b S AR X B2 20, T RE Rl
TR CBEEAREIR) o B AT RN H AT IR AR LL , SRR S B s,
SERER) S BANG A, LI 2 AR AR T R, REFHERA Y
o> T ile TETYER BT, A2 S SE OB IE R . AN, AT R R AT T
PR IR . B, FERRAIE V=R A=), 125 Ba A R EE N L1
REFARET AT BE S 5 B M =R IRIEIA T, AR T EAMRER: 5, ARl
B3 I8 P B PR [IRBL T 2 Paecilomyces variotii FN89 /)i B4 BRI B% B} Saccharomyces
cerevisiae XHT AREHIAT, ATTSEIN 1 BRUEATIHI TGS GP Al Mok 1 Bl AL BE 2% 7
ARIHEBR EAC R IR, SRR R “HaE H R B4 e R BEEE R G A4
AT AN A % 13 v B B R R AR g — B i A 3, VRIE LT 3.3.4. BB [ 4 1)
TFAEA] BE IR 218 R B RE () i il £ TR 6 Saccharomyces cerevisiae XHT B A A 52
i) 177 PR A 2 BE PR 2R 77
333 HPITERR BUC K TR 4ERAT Ll K

TRAL PR ) TR YELL 25% (wiw) Bl S EH#HATHE, R FEABESHE . 50°C =
UOMBSR G AT CWEREE . REEGE R WK 3.4 Fos. 576 T ER AL HE 1) FOK 4F 4 AH
EC, EP TR FAL PRI TR AP 4E 2l WA AT B0 A T MR B AR SR8 — 3 0l
95.05 g/L (& 3.4) F194.06 g/L, ABEMIKE N 36.20 g/L, LR MATER BN £ oK
LRYEREAL S PR IROE &, IX U B AT IR IR 5 AR 1 58 4 AT DAEAE B i AT R IR
R T FRA AR T B e GE R . &0t 72 h PIREE, ABEIHR] R S e,
A A R T I R R IR o) O R A5 8 R Ay, SRR HE 1 AP v i ) AR A RS
w4, OBERN 61.02g/L, LBRRERZIRE]T 3.4¢g/L, KAE Saccharomyces cerevisiae
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XH7 7T LA 32 R 6 6l A

Simultaneous saccharification and fermentation

100 —8-Glucose -©-Xylose -O-Ethanol -B-Acetic acid [
80 -

60 -

Sugars and ethanol (g/L)
Acetic acid

Time (h)

3.4 BB TR A4 2 BER B
Fig. 3.4 Ethanol fermentation of corn fiber pretreated by self-produced citric acid
RIEFAF: SSCF 1E 5-L KIFHET 31T, 25%[E & &, 30°C, 180rpm

Fermentation conditions: SSCF was carried out in a 5-L fermenter, 25% solid content, 30°C, 180rpm

334 HFER AL ORI 4E T2 S5 A5 G A YR I EL A

MAETCRBT T AT LLE B AR IR oKL 4E R AT AL 3 /5 16 % I b, 3G ZH 45
BRI DL R i 22 () A B Ak BE R 5 T A AT R BRARALL, D 1 AR S A2 AR AN B OR 47 T
RIS, ARl e SO UM O AT EDUL A EEAE

N T AR R, FAT TR A% G A 1 9 T O PR oAk P 1R T 28 e 23 1) 2 SO
1 KA R St AT R AT TUAC B . R A S bl I DR VA8 M 5 LG 753 A A I T
12 h ZBEAE AR B U5 208 OB 25 KA B AT BRI BEAT TRALEE . SR S REAL
Je BRI 7 HL R AN A B 2 TR 0 12 h BB 0 07 2008 SO 30 AT & &
F BRI TB] RPN R] . 2B L SN TR S5 LA 5 T 3 A EUHEAT KB Ee . 7T LA
FH, B2 51 M, BTITERS S Paecilomyces variotii FN89 14 KA
PR AR & & N Ak & &, AR I AR b, FRAR R R R A 1B
LI, B 1 PERRRESBURLE Sl S b AT Bt 1IN RE XHT 3 T4
il R AR 3 SR 2 AHEL, MALRIRT AR RE R B e 2% L R IR FE LI, 1
AT RN S RE I AL R BIG, FT RS2 /K ARV Hh A7 CE AT R i I o A v 3 B 0 40 B
WA IR RE XHT RO EEERE . BIAEANEE, CRFROKBASRMIAS] T RSN
99%, YEHIZE SSCF 1, MRARA H 3 AR A I 281 Fr) 81 260 B RAC B A8 /K AR TEO Al T TR
AT T O KB
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Table 3.1 Comparisons between the three models defined

Ethanol

Solid loading Detoxification ~ Fermentation titer Total time
(wiw) time C(h) time (h) (h)
(g/L)
Model 1 25% 42 96 43.39 150
Model 2 25% 36 72 72.09 132
Model 3 25% 36 72 61.02 132

B 1 ALGERIBRIR B TR ET4E, S Ja 2 [ 251 25 A SSCF;

B 2. R AT R IR TRUAC BRI K ET 4, R BRI BEIUFP 1) S Be e Ak, FLSSLVBAS I B AN A I
[N 12 h () —Jon it R

B 3. B PAT IR TIAC B FOKET4E, R B I BEIFP 1) S B e Ak, FLS LRSI B AN A B
[0 12 h () NG R .

Mode 1: Traditional sulfuric acid pretreatment of corn fiber, followed by solid state detoxification and SSCF;
Mode 2: Commercial citric acid pretreatment of corn fiber, adjustment of the biorefinery chain sequence of
ethanol conversion, and a secondary heating process was added between in-situ liquid detoxification and
fermentation for 12 hours ;

Mode 3: Self-produced citric acid pretreated corn fiber. Adjusting the ethanol conversion of the biorefinery
chain sequence, and added 12 hours of secondary heating between in-situ liquid detoxification and

fermentation process.

Bribz Ab, R SE R BB 1) FIs AR S A oa R IUHE S Al Ca & &, FRATXY
R = A SR B R R ST TR T SR . R B A R R O A 1)
HoAth b SRR B . G AT R 5, AR E THIRXT, FiEEEH TR,
i AT AR BETTIEVED 3.2.9. 40 3.5 o A E el Es R . HIE 3.5 (@) ATRLEH:
72 AR 3 AT AR 1, R BRI & A = Y Na, X 32 202k | TiAb 215 A
FEH NaOH; BT | R p SR e, SEP ARSI ANKER Ca, 2 2 Ik
3 W) Ca B EPEIC T 97.5%, RN S TTRIEERD T 96.7%; X 3 L 2 &
HELZM K. Pook, XEERLET Aspergillus niger M288 KRG FRFIL P AT R 5]
No [FIFER, MB35 (b) ATUAR G RE Y, 78 =M R R IR RE T
B LA R T AP AE, SH Ca B EMZET 12 MIER £, HABi 2 Akt 3
Hff S EER T HFRIEHE IR IR, Ca W EFR 5 T R KeF gk & /b B K.
HAt LR TR & BN A KM ER, XIS R, B FailmsgR, iE
W7 R JEAR R 2 AR 3 BRI AR S Ml Ca & i (KT 1, DRk
2 A 3 IR, AT AMARAR 1 A pe iR SR e J HE SR S5 A R B 55 1) R
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(a) Main elements concentration in residual liquid OModel 1
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(b) Ca and S elements concentration in residual solids Model 1
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(c) K, Na, Mg and P elements concentration in residual solids OModel 1

1200 OModel 2

Model 3
1000
800
600
400
" |_| |_|
0 =1l
Mg P

K Na

K, Na, Mg and P elements concentration
(mg/mL)

B 3.5 =MEAPREAREFEE TR TIRE

Fig. 3.5 lon concentrations of major elements in the residual solution and residue of the three modes

34 AENG

ARFUER T R RVER AT IR IR A B, FEH] B T RN TR AP 4R b AT TiAb 2,
BEMTEAT AV O R B REATARIE R . BRI E5 IR
(1) A BAT A 0EGR 70 B KA HEATHEAL, 15 21 10 =y W K S RE S JEAT T B BR 1)
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KW, JEAT I 2 DABEAT KT YR TIAL BE AT BRI A IR A

(2) FIH B 77 R BRI TR YEEAT TIAC B, HACRER A AT IR IR B A — 2 5¢
S RE AR i TR IR

(3) GESNRER AL EALE, AR AT B 7 AR I N YR 1 4 ol 5
S P TRV BAL R B 2] 4 il L3 S 1 R I S i 2 ] FRRBE AL B RN SO SR X
s

(4) I FH KB 2B 77 AR TR IR T LA AT AT AR, IR AR PN ZERE AT BORASAT
SRR 2 AR TR LT e R OB HEAT B AR RO W, JF R 5 8L T B R AR
WNZAE AT BRI, AREEBTTT, REARRAD R P AL B LA BN O R 45 ) T
SR “ARBRIA R (1 L
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E48 FiLESRE

41 %

AU TR T ARBEYER SRS 78 SO H AR, B0 B OKEF4E ) AP0k
it CBER I T AT 5008 BT KA LEh R m a4 R &8, UACEA4ER
Horh S K E OB EE, 3 3UE S0P HR b T BOCIEAE CRRAE B 2 A I 2B Befe
P e PR, AL G 2E SSCF i A% i SRl SR ik 15 i A 19 Ak 1B AR A IR EE o 3B
Feth AR AR BE R T, RRR R A R R A R A B 2 AT, PR AT WE N I R AL
WS RE, IR T — R, RASEIL T BRI CBE AL

B, TR RAE T TER A, ST R R A, Gl
BT AL E RN T FOK LT 4E R AR B . £EERY 7 AT IR 5 BESE B T AT BRI H 45 E 2
N GER T B RRLIE S S5 [0 P R 3 —— T K A 4 A T oK e f—— ) 5 2R

(1) 25 2 TR AT RN K LT BT SR o B U TAL B, &3 1 RIAFHIRCR,
WG = RO | TR AT e th R R ZT AR IS5, SOREI T /D24 . ok 1 B s L
EXRRENIOEE )

(2) BIA SRR FE I ey U A I B ) 1) e, 38 2B 2 W s ) B M B4 7 925 B A 1
IREFHIRCR, 16 12h WL RE T, 28 K38 LMtk DL AR TR ORI oK, Ja 826 J5
S st AR, BiEE AN 5E IRILTE 5 Paecilomyces variotii FN89 W 31| )14 i
Befd, PRIUEJS 2 OBE R AT DAOEH T .

(3) WASEYI RS KB R e —om#ad #2BE 2 E Paecilomyces variotii
FN89 K% S ks P A B W 45 2 B 0 24 i

(4) 23R FKETYE R FT IR TR BE DL R0 A% Gt AL WD B 1) T, S FE B )
MK TR A b P R BN AL VIR O, ARy 0.43 g/g PRI, NBLR1RE
(1) 86%, JE/KFFIE N 9.93 kg/kg LB, 5 KIEH CREM &R IrAHIE, BEAh, kR
P T AL BRARL G e e 1 R 0 [ 4k A A S D HETBOR) R, s AR SR A B AL

(5) AL = KR EIR H BRI BRI ER R, Zi o2 B iliE
Aspergillus niger SIIM M288 £ T ARG /KA R AT THTERIRE) SSCF, 152 1
A FE AT IR IR R . AEASTIFFEH, I KRR RR 25 KA 4EE8 70 34T my B /K B
WU, A R B AT A, RIARTS 2 1 B m AT R IR K B 6 A

(O BT R A P VAT Tl B PO [ VR 70 B 43R4 A PRUAL PR A4 R AT IR LI C L
R T FORLFLER TALEE, TALBE IS I ROKAF 44 id 5 2 =R 2Im T2, 1528 78w
() K EEFR bR 61.02 g/L.

(7) FRAHAT I TR PRI S o3 B vl DL, TG FH R AT R BRI 2 E 72 4T
BRIRA TR A AERAT TRAL B, R ES G TG0 & R IRBOE R B T S JGE M Ca JTUE
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R A TR B8, M A AR T A ST T 0 O B K05 Y ) 731
4.2 B R

(1) BIHFI R IR TR AT 4T T AL ERER AT, 5 RUBIR T 3o rp R SR 4 4 R 45
1, ST JRERMTINEIL & O R TEERAE, R3] T B E R B bE -

(2) YAHE T AL G AR RE IR, KA A TR R 2 AR ) 2 0 78 2 R iEAT, AL
SERUG FREAT EALAS I, R T R IR TR v TR FE aod v 5 M i e 1 AT 19 1
(3) BIRAER — AR A5 i 7 Pt A5 B SSCF i 2, W th 1 T ¢ h 4
ARG R A G  A:, KR T T 2T A s [l T A

(4) BB SEI T IRMEAI A4S A2, KT A=A, UG KR e FIeL
BT SR TS G AR P O A T YRR T A PR AR T

43 RBH¥

AHIE TR SEI R OK LT AE [ AR QBRI EAL X TE R 5 41 4 3R JEURHEE A AR R
T RO, 152 7B & QB R BRI MAT R IR KB bR, (B0 50 R AR R A7
FE R 7]

(D FEARBTH, FKRA4EW HIRRT B2 EKE 20%L4, FHPAEAE AT
AEFRERAE, ABRAERFB ) TR b, K5 7K S ) FOK A 4E R AT I 8] H AR X
SRR . MR R T E/KEAR, [T R IR, T ER+
TR H BRI Re 2 TR IR R & & TR H & E s 2 L E .

(2) FEJEALVRA Y EE R B, 0T 0t 5 1 2% RO F5 i Ae) I 45 1 R A=t N IR T4
FHRE I FEREAT OO o . FRATEE VIR FH B 722 i M i # R P AR &R 1) pH
AL, KA ETTEE, RARP pH 44 L 0.6-0.8, HEE N MARAERT 100%
P 10% LAR. 2R, IAZILL ESRAFRIN TR FEAR T —8, 155k o 22505
[RHERS I TR, R B AT KRB TE Al ERTMAR 2 I 25 445 R IRF ] s SR 2 — AN T DA TSk
TAE R

(3) AWEFEF|H B2 Aspergillus niger STIM M288 X T KMy IMEAL IR A TATAF IR
R, F08 BB BRI S T TR 4E ) PAb B B o R 7 vk ) 2, I
INERERE . KR SEF AT IR KB, R R AT RN TR A YR T Wb 22, itk —
W RRACSERHE AR, [R5 i 22 R S5 R ot £ 4 2= S5O R A

(4) FARLYE Z 1 B ACTEAS o ABTFETE R 1 BOKREF4ER) /Mgt UER] 7 Ht
ITIREL CBEI AT ATYE, B L) R BEAE b A R K HE AT AT 1 a0 hr . (BB L IE N A
T, FE R WAL T TRFR ISR, 1A AT HOR G G SR VA o
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