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Industrial Research on Bioconversion of Agricultural Lignocellulose
Boimass into Polyols and Ethanol

Abstract
In this study, two agricultural lignocellulosic biomass resources were converted into polyols
and ethanol and applied into the design and demonstration of industrial applications. Firstly,
corn stover was processed and optimized by dry-pretreatment and enzymatic hydrolysis into
stover sugar based on the cost analysis, then the stover sugar was catalytically hydrogenlyzed
into polyols products containing propylene glycol, ethylene glycol, etc. Secondly, several
bioconversion methods of cellulose fraction in virgin cassava tubes into ethanol were tested
and evaluated based on the cellulase cost, and an optimized method was proposed for cassava
ethanol industry.
In the study of converting corn stover sugar to polyols, the researches were focused on the ash
removal process, dilute acid pretreatment and enzymatic hydrolysis process and
hydrogenolysis process. The results showed that: in the ash removal process, sugar yield and
the ethanol yield of corn stover were significantly positive correlated with the washing degree
which indicated that the removal of ash by washing contributed to increase the strength of
pretreatment; The optimum pretreatment condition was that presoaking solid/liquid ratio was
1:1, sulfuric and usage was 5%(w/w), reaction temperature was 190 °C and reacted for 3min;
The result of enzymatic hydrolysis showed that 50 °C ,pH range at 4.2-5.8 were the optimum
conditions for hydrolysis. Increasing agitation rate can improve enzymatic reaction rate, but
had no effect for increasing the ultimate sugar yield. According to the analysis of concentrated
cost, enzyme cost and material cost, the optimum condition of solids loading and enzyme
loading was obtained, at which the total cost above was minimum; The result of
hydrogenolysis showed that corn stover sugar after gradually treating by decoloring and ion
exchange, propylene glycol yield increased to 48%, and the final result of hydrogenlysis of
stover sugar had no significant difference with the pure glucose. Currently, the technology of
the polyols production from corn stover has been applied to industrial production
preliminarily.
In the study of the utilization of the cassava cellulose, the cellulase cost of different ethanol
fermentation process options form cassava cellulose was evaluated. The processes include the
direct saccharification and fermentation of original cassava cellulose residues, the direct

saccharification and fermentation of pretreated cassava cellulose residues, and the
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simultaneous co-saccharification and fermentation of cassava starch and cassava cellulose.

The results show that the utilization of the cassava cellulose in the first two processes were
low with the enzyme cost of 13,602 and 11,659 RMB Yuan per tone of ethanol, respectively.
Comparing to the first two processes, the third one demonstrated the lowest enzyme cost at
3,589 RMB Yuan per ton of ethanol, which was less than the ethanol price. The result
indicated that the third one was the optimized method and provided a pratical way of cassava
cellulose utilization in cassava ethanol industry.

Keywords: Lignocellulosic biomass; Bioconversion; Hydrogenlysis; Polyols; Simultaneous
saccharification and ethanol fermentation
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A YER VAR B ER S N A ot 3 Bt K 2 LA AR 1500-2000 42,08 )5 2 P AE
BB RS T B 20 30, XIS A R R PR B B AT Rt R A
NFEMHLTIE AN AR . HZABNEIEEE. 5—J7H, EYRAERAGRER)
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(1) CO, K& &3 0, DRItk AEY ot e S50 Vot e AH LU 58 oA I8 ACUF « BReIm v S5
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PAAE W5 9 JEREEAT I AR ] (Bio-refinery) #iA Ay —RhBERS B AL S8 LAAT I
S SEURHERI AL o) R R R = A 2 i A 7 TR, 25 AT 4R AR YR 528 %5 (U.S. National
Renewable Energy Laboratory, NREL) ¥ A=Wkl O “FIHAEY R EEL, 45645Y
SR AR B S5, FISREERRAE R ol e i fhe e W, B, 4
WIGHI L AR, A S KA el E Sk A s B e AL AL R B
DLy ATV 55 5648 SRR #2055, R 1.1 FI%s [ Bk BN ARl 2 it S = A ™
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o2 E B AR i, R AT A A R R AR A, A BRI AT
LGNS EINT VG

[ 1982 4E AW HIRES & YT science JATIMER 214 K i sh & EE, HE R
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IR R ERE, B BOR . P2 EBEAT T RN MBS, i R B g Al
—EREFE ) T A . FEFRE, B 2001 Ao m R 2B H =l Ak J i i Bk,
PA/NZ KSR N R OB S B = BB 4E B, “F 07 JHIEL, Ak QBER
EFFEZ A 160-170 Fimi, B RE MR A MRS, S AR )
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Table 1.1 Main biomass base chemicals and it’s producers

77 i /N
C1 Methanol BioMCN, Chemrec
Ethanol Many
C2 Ethylene glycol India Glycols Ltd, Greencol Taiwan
Acetic acid Wacker
Lactic acid Purac, NatureWorks, Galactic, Henan Jindan, BBCA
Propenoic acid Cargill, Perstorp, OPXBio, DOW, Arkema
c3 Glycerol Many
3- hydracrylic acid Cargill
1,3-prolylene glycol DuPont/Tate&Lyl
1,2-prolylene glycol ADM
N-butyl alcohol Cathay Industrial Biotech , Butamax, Butalco, Cobalt/Rhodia
1,4- butanediol Genomatica/M&G, Genomatica/Mitsubishi, Genomatica/Tate&Lyle
C4 Isobutyl alcohol Butamax, Gevo
Succinic acid BioAmber, Myriant, BASF, DSM/Roquette,
PTT Chem/Mitsubishi CC
Xylitol Danisco/Lenzing, Xylitol Canada
cs Glutamic acid Global Biotech, Meihua, Fufeng, Juhua
Levulinic acid Maine BioProducts, Avantium, Segetis, Circa Group
Furfural Many
Sorbitol Roquette, ADM
C6 Citric acid Cargill, DSM, BBCA, Ensign, TTCA, RZBC
Lysine Global Biotech, Evonik/RusBiotech, BBCA, Draths, Ajinomoto
Cn Polyhydroxyalkanoate Metex, Meridian plastics, Tianjin Green Biosience Co.
(PHA)

A=) S A R AR AL, L JRURL AR BAT SR 2 AR, I HLARR S R i 12 4 0y

BAEREEAEYE, BINTREA T Z @R s R A E AR, )
JRJEORE— IR s G AN S A S E I ThRE ], AEWIHRAI A 47 o R i B S S A= e I
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EVIR B G EMIBRR BT G E W ESREONTT =, RO d KSR AR A
PRIELIL LA EF . Clark AR RICERRE, EVIRHIEARRR 245 &L
WEAR G A BRI, IXEEFAR A S AR e 77« 0 PR K
ReFRTT IR R B B0, B LRI R MBS AL T2 i, B0l A JEURHF AL Y S B
SRS 2RI ARRES G, RSP RIR A B 2 (a4 L 77
B L2 R,

1.2 BEEHEHAR

1.2.1  RJLT4EE Pk

R YE TR AE YA BE I o, FEASHLA4ER (cellulose). 474k
% Chimicellulose) LA AR iz (lignin) =Fh ki sy . Hrp 4F 452 B p-D-7 &) Mt B-1,4
PR B RS T KB SR, SEME ) —um R SRR T 55— AN AR R, 2 kA4t
B KR SR o SRR F A AR L RIS AR A A T BT 4E 2R 45 o, ELT4E 345 R
I, A A R TR T 2% 258, BHARBE . Rl Ao 2H R ) - 41 4 2 ad ik
SCAGE (/N7 135 ) G0 2 R 25 5 A 36 I 27 4 BB IR IR T e TR IR A g T, St
4R RBER g @ 7 s i/E A A2 23—, — 7 RS i 41 4
FAE YA B S A BRI, S iR R AR, TR
B E T AESEK, APUER, (RKRERR. AT, BRE e iis Rtk
PR X HL 75 SRR TA] o 18] 1.1 JyR 5t 21 4 35 A5 Tl A B AT J= ) 45 ) 17 14

Lignocellulose Hemicellulose
(e A %; 2 8 3\ AN
X T AY o N AR
= x| AT AW IS
SR
€ o = vy 7 Sl <
/ Cellulose
Lignin

l Pretreatment

B 11 ARRAERTEREE
Fig. 1.1 Schematic of the pretreatment of lignocellulose
HI TR BT 4E R G RPN, XK BT 4E 2R BEAT TR BRI H 2 08 TS B Ref
WATYERMGERAEH . TALBE S IR LF4ER A S 2 BIBOR, R 22 AR, T
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RIAR, B 5 2 B A AL RO AEAS A ot ok iR R KK s e — 3
BT AR RAGIFARPLAER I T E R (LP4EE . FL4ER. RFE) ATUAA
A BRI PR AL o] BRI BPRAS, I B A3g e A e Ja A R Be VR 8 = b
YB3 A R [ O A B 3 2 P EOR R 47 4 4L R AE AR R I
AL, AR TAR BERCR AN ARE], ASE TR 7 H & H R EA, BEEROR
HRENAWKE, RS HE S ##H AW EEH S KR TTEN R SEAR, H
[ FHREE L — PR B SRR BRI 5 TIHOR. PR AU IR it 47 4
KA 00, G, BT T L. (. YR B A E S S
7%
1.2.1.1 FRAbEE

MR AL B2 — MU B R IR B AT 4E = Ak 3L 7%, BAE B4 50 AU A
P TR K FR A o 41 ¢ 22 JRURE AN T 26 P (OB 7, AR S 7 v v2 38 A TR 1) Tl
P P I (A PR A 1 SRR 2 2B KR A PR B B TSR, I L 2T 4 R KR
AT AR, IR TRALFE R 22 B 48 D0 70 1) 21 21 4 2 AT AR IR 5 S R ot 47 4 3R
B S5, R RYEI A ER MK RE 1G58 . TRl &) 2 IR, HARK
BRI AR . EhIR . BRI U, T B AR ER L S Ve AL, Bl Zhu
S5 FHEBRBR BN SRR VE IR MEMEAL 7T & T SPORL MR WAL BE 4 R8T, 7 T Ak 72 )
TNEE R JERN KT B & IR R AMA RIS, X BRI E R AT
=1 (presoaking), TR BB AR, BRIGBEI 7 vE M I 7 A PR 2
J2 N7 POV AT VR A (R 7 v o B T MBI B ER B R AR VM T R A 2 ST A
AFHRZ 140 °C-200 °C FEOREE JL A B0 B — /NI ANGE 1 SRR, B3¢ i 9 22 4 o T A
T 56 Pl Ah 2 2 R o

MR TRAL B T V2 s T & MR LA YR I RL, BFRHOR . B F AR RFEFT
MBI AR, I B S I A BEACR . T BRI AT RS £ F1EH,
DR 5 v 1 P B % IR, pH B AL BRSO 4R T B Y, (R A B MR w4
FEORAE M HEBT RIS JE S T R R AR b KA I R, 8 R R B8
HAE 0.5%3 5% I8 U7, SNV AOR BN A2 EE RS, MR AL
AT DAERRAE SR HIIR A (120 °C) fRFFECKHINTA] (1 h) dA] LR A R E T (190
°C) JPNIEEIIRTE] (3 min), THACEE S FEA B & I RERE R RS, DR G AT AL
T 2 HE T TARAE R W 2 AT RS S H AL, DUHAS B B A I s R T
2 R e B RE0e 0,

i TR T Ak 3 B 1) R R A TR T A 6 P JE s il T % BRI N AR IR, LA 5
YRk an Z5 A R BEE AT Hh R 5 LA R P 0 R R A « IR BRAN S S 5 2 T G i — € 1)
oM 53— J7 I, il SO AR O BB Ao, B R . TR, TR LA
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B2\ ARSI SN TR AR A 2 I T 2 R 2 )V P20, B e e
R, 38 S 25T T Bt B3 25 R AN T 0 BB A/ 1 152 4 S RE R PR AN
1.2.1.2 FlIALHE

Bl R4 B 77 R R FR A S A SRS . EUKEEBR I VR ] SR AT 4E 2
JERHHAT RN IHAR BB S ER oE I S AR R 2 M EE R R S 4R
() ) P e A A S A SO, A A R ot 3R T AR P AR S5 3R B N T ABEAR 1 AR B 21 4E 3R 11 W 2% &4
H, BACEAE YIRS M B gy, BARCE NN G I 1 2R 4E R B YRR 0, B
AE BRI AR D OB R . SRR THACBE DT VEAR LG, BT s R B B3l AR AR IR A 5 e
71T 47, Playne FIA KA B H RS, 7EHIRHE TR 192 h J5 4748 3= KK RE /1
1 200632 5 & 72%, $R i i i1 B T4 Rt )24, Chang 2545 120 °C [ 1h JE3k
18 7 MR (R g8 S0, kR B IR, o P A AR o 8 4 SRR, I FL RT3t A 2
AT WL, AFR B I SR U S N S s K TR R Ho5 3™ 8, 3 A ) /2
PR A8 ARAT T 1 P o K I

DAL FRISS, AR S B R IR AN TTIEMCON IR AR AT, TR
RIPZREERER T ZisH, SRR A BT 32 5 AR B2 125 B 808 AT 1 5
T AL ER (5 O,
1213  ZRRRDL

IR HEOR 2 — T AR 55 H AR BV IRAR I AL BEEE R 2 —, 2R AE S =
FIAEL S s TSR SR 5G HH #A ELE R DD I B o 28 VR )i R 2 s v IR M A 28 VN 28
TR R IR R i A I B O B T, il /K 280 (180 °C-220 °C, X REH Hs /)4
N 1-2.3 MPa) & & st e $R AL & 2 1 15 - 2R 4 3 M BE 1) £ R 5E A R 2B KA, BT
LR IR AR st — 5 N 50T 7 J5T 21 4 2 1) 7K g AT A A5 A JoT 21 4 2 &6 1) 88 B 2 5 L 3R THI
FUARR, M N SERG, Bk IA e s S 88 NI e 77, Rt it —BFT R 4 4 R 1) 46
) T HG SR AT 4E R B 45 G RE T o 28V R 2 — P B UL BEEOR, B &5 5105
fEAGTR], FTRL A AR B FAL B AR, A TR BEEOR, i HBRIRELE — Ak
NERMEAGTR, AT LU 25 s A 4R 2R K AR, IR BRAIR S BE iR B S A R S AN ], e 2544
AT R AR A

RA4ENZ (Ammonia fiber explosion, AFEX) & —f L& /KAE AR NER, 1B
s S 7 8% Hh 5 A R T ¢ 2 S S — R T TR, 4R T ) o 3 ol A 20 3 ) 990 A 8 i ARG L2
ZH AR A =l YR 5%5 15%2 7], [t afabE# & EAR S = ek, JIF
H AL 5 IR i A5 A KB & S o Er Bl (<5 FPU/g T4 or 20
FPU/g A48 %), BRIHEIA 2 s BRI TAb B E R o Chang S8 7E AFEX Hi454 TiO, Al
ZnO 1E A FIE BB & 8 T R B, X EEA IR Seie 4, e MEis 24
13%12, GRET YW  ARSE T B AR B AR A SR SR & B R, iR
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K TR P SR FH s R A3 #40K (200 °C-230 °C) S A5 JEURF3EAT T AL B 61 7325,
POKBERE IR K Z) 40%-60% 1AM, L5 4%-22% 72 A 4T 4E 3R 50% /5 4 [RR
J 5 S KT 909% 25 4 2 B0 1207 A s TE T AL R A P e 22 B 1 SR SR I R AT
AT, SR BRI E R PRI £

RS CBE TR i sl 2R S5 A ALV SN A 5T £ 4 3 1HEAT AR 5T 3 A B
A FE TV ERR N WA, Z 5 R FE T 1 R B R @ A HLYA 7R R AR R R
AR AR T A7 4 25 I AR 540, I8N In/b & ) EH LR ] an 518 . AR e % 3 /= T Ak 2
BB, OIS R NI R I R IS ek

A= W) TRAL 3B AR T A 3 R A 0 A O 41 4 R AT R R I TUA B R, A
EIRE 0 OB S T e R A o £ 4 R (M B i Bh T4 b A9 238 o B P Tl B e
MR RONEREREREAR . JL TR AR IR AN, T e R A B A S B ]
K HA ARSI T . Yu S5RI S il A A S B s AR 5 4
TR AL FRAH S5 4, 45 T R IR FH 45 4 B TR B 7 19 T S 8 I 1) e 60 R 4 i 22 16 R,
1.2.2  Bg/Kf#E

B K AR R 1 H )2 PR B 2R 4 2 A T BB B SR A R, N AR S it ] B 4
FUFH R ERE, BT AR AF 4 2 o S A R A, BN A 58 A B A ot e L 2
BE R SE TR AR, 33K {15 T gt RE (RO MLARII AR 52 2 . iAo P A I R B30, 42 B0 P 10 420
AE, KRR A4 R IR R 2] DL AL W B4R, AR .

YR 2 5 /KRR SR A RSO 0 B 1 22 PR PR, Re NS WA A1 2 I I A
VT EGERE. ME. ELES, BIKAKE (Trichoderma reesei) #8473 K & i 4 £F
ARG, IR WA AR B A R, H AR IUE T A AR 7= 4R 4k Rl ) 32 256
Fiio e, BFEEFATCE TR T 5 B IROREFE R B3, ok s Hk T R &
U TR MO IR A 5 B HAS B, BOBHR o 7 2 e X A e AT i A R B9 e
PRBEMNRENE, 200 =FMENNIRES S T2 U SENE A A 87K A 2R
PEEE) B-1,4-WEEr5e, SMUIAT4E MG EE I — i /K AR A B A0 4k 08, 15 A4 hE bk B-
B B K AR R T . BT — DR R SRR S — R R SR, B YR
X R AE A 038 58 2 K AR s, AT BRAIC =430 . SR, 2R 4R R A FH LR
HAETE WG, AR T B 4EREE S RNV (A B EARF AL IR R, If
L3 = Rl R 10 5 IS E AN 2 3 BRI 0 VGREAT OO, g AR B /KA S I ) R ek
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DIRARLTYERBENS B-1,4-FEH BN ML, 10 A2 JRADET 4k 2R 45 ah VR IO ol SR B
(R, PIR— B BN LT 4 3 MR G T e S2 A O 78 430, Igarashi 25 Y S A]
MACHIBAR AR T 7 IX WU, XFEF 4k B S A LB BEAT SN IR TR B T3
BEA WK A AR 1 R BT

L YERBE R S SR A R (1 — RBEINLEAR, B A AR R AT 4 K 2
FISHBERCEEAT 1T Z W I EHHMTRIRIUACEE . 287U RS AL BRI, P 2F 4R 232 5
PRI, N T AR IAL B A e A B R AR AT A S R, AT ST AR
WEFEAERURA SR T HEAT, O 7 ORES UL B 5 52 B AR S PR R B AL A5 28 AT AR AE e R 7K
P AEEAC I RE A S0 £ 4 2 B 2 )/ HDBORBSR Y o 2P 2P 4Rzl BRI eT e R
P& S5 G50 1 AT E R ST 4ER BB ZE R TT, S 1 B /KR A5 I BRI 1T 4T E g I
R, ST T, YR RBK AR A A R TR 4, REIE ok 2 1)
TURRREF P B BT AL A 2, A1 T LU A 0 - LB AR n L B A 2 e 4

ARIFF MRS W EDEM IR CE— A %R, RERREASAET
FI TR, AE TR B30 21 4 R 5 214 Mg 1 45 53 e ) B A 1) 72 T 57 L e s LA

Pt 1 2 3R Bl A I 5 B A5 DR 3R A A5 50 AR B 3 1 25 B o AR W SR R SR B 3R —
S5 BRI A SRR e I B R G R R AR SR B I L . 2 5 XA TR
OB T B R A2 0 A S REe 2 MR A AL A AL B L I8 5 R
A A4 FREG R SR TR ESE . EAEYIREI A I R T, R R B b A
TR T EL I R = A A I & & iR T UG EE, T 28 RO i R (1 B
PR T SSER WRIESE . My R HIY), BB R A BV E T 2R S, IR
FEALT 5 R e e b e
1.2.3  SZMHEAL S S R R

YR SR I A 4R R = R O AT R R SR B LR B, LAk, R
45 (Novozymes). 7NEERL (Genencor). Trii® (DSM) Z5 | 71| A =) 75 4 4k K g 1)
W R B A F= i FE AR LA R I S, (EL2 ILAE B /K it R AT AR 75 B v T B 56 FH 2
it RS A ST R T AR A A R P R 2 DS o SR A JOT 2 24 W A e B PR AT 35 32 ] 4y
NEGAR RS YA SR IR 25, WAH DGR 32 = B HE =] . #eRig . B RIER S
RBLE XA YE R B A TSR PSS AR R AR R GIE . ARG RE. 7
BRI KRR SHA RN S ES. IEREZ T TIEMAZ O AN T 3E R e
R BEARBERUA . LRI F TAE —J7 TH A TRAC A NT>, 0 AL BE AR SR ) )
PEFN IR R EL AR s 59— 5T, AR R BEE R i I BN T, X LR
JR SRR AT 5

(D MNEEERARR, FICCRIREN T HEA MK ERRAAERIRY), =
ZREEAT N RE R o BT RRERRE R TR VAR 2, N T E N AR R RHE S AN
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AL 5 IR I, 26 27 4 2 20 OBt 75 B AR RO AR, A B AL s i s IR A
Rr S PE ARG A0 AR SR . H BR SRR . WERGSE AR NS PR REE P B A TAL BESRE . JEId £
PR ST e R B II I, 7T CAUH £ RSO A BRI, LR L W 4R (S A A
AR B -BEEFIG Novezyme 188 2429 4 Fl 15 FiAh 4 4 3 Wiy S e i 42 Ve S g 11 B -
W RN S, AN, WAEREET AR EAEE - ENT R, 1R
Cannella 253 5, T4 EEE (Cellic CTec2)H & Ak W S0 Er 4k ()35 1 B35 1 75
WK RS 2R 52w 25%). Banerjee 5 MG Hi7E 7 i 52 & 21 4 W P AE 46 K BT K R G
MIEEE, 2RI o B E AR R B e M AT 4 RS K PR IRR A, (H R IR A 45 AL
JH 2Bl S R B P A L8, A T 9 )3 T AT e S T AR TR A R 1, X
S 2 1 0 £ 44 2K AR AT AR AR 4 A T

(2) PRI (pH {E, PERE, BE). BEEREE R pH KEE R A4 R
AR E Y, AR N A B AESRAEI, T YEREK R4S 25 0 75 BN K EE A & AT
SEBEA R SCAIE, Iy T 13 2 A 1R SRR A b A e N S A AT A,
TR B & T (SSF) HHEA 4l T2 (CBP) I, B 24 ALt & i 58 9 5 4
— kUL, BLICREE A AT 4E R R MBS B 0d pH (Ho8 3-6, 4 pH KT 7.5 B4 4
BB EEA NG  J5F B S A W AT 4 Z B T pH o 6-8, JF HLTE pH 3-11 N LA TG 1%
RO A AT 4 R AN () AR SR, DR A e I B i 1 2R B0 7K A i R 5 i
B, R KR S BER , FAL O 32 B R A R 3K . Chundawat 5548 Hi 3 5 1 4
BT MR AR ALY, Samaniuk 253 H w0 R4 e Al 7K A RS 21 [FI VR
TR BB 1K) P 8 K AR N AR R I AN BOR B, A5 S R A L R A
Chundawat 25 15 24 B BRI Al K 5 12 55 400 rpm LB, S84 ) At Ay v [ 4
ErE T BRI L ) B B i, AR 22 A ST AR i v A R PR KRR R A R v e B A
SR

(3) M5 E . BESAR SHE T AR AL R SRR =5y 2 —, DR g 6
B R E TR T2 BT TS TSP, i, #ELAEE N (FPU/g
Substrate) FIT 7K fifef5 21 1) B SRR (glg) K LLIRE AL 07 B 43 F A% . 53— T
e A ] B N KRR L, RERE K AT 31 B R FE =) AT B AKG T AR 2 A TR AR
DR, £ 4 2R P o R R i A 2 et e e A S R R B PR I A B 4 1

ANTR ISR B A ) () FRUAL B 7 A 2 %o Wi A FH = A= s il o 0 ndE /K m R 3R &
TR ISHET E A 0 3R 0 41 4 2R ) T O B A5 AR 4 K 8 K . Wyman S8R 3,
TR B A FIK AR BRI, KRR AL 3R JFRL T 75 (B F & LR TR . Ui, HoKSE AL
HR R AT 7 BOBG A E K, AT RE M SR R TE T AN R A 21 5 3 A o 41 4 25 1 0 2 25 R 11
5 SR S SR A X T ) 45 A 1 AP0, K B S B K RS R, (B 4 i K 3
—ERMARS, BT 207 1 F R AR R I ARG & . X LR R AR R
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WKL A B B 5 A R P O B8~ Al e [R) ahbie ocd 4R ZE A s 87 Hh R AR PR g FH &
DL B AL S B B FEN 5 72 R 5 LK TR o 32 T AR B i 2 RN AL I FE i 1)
PERE, XN E S ER RN, BEREE =Y. KR A EYRHEE 2 i
Ty F—J5 T s v [ s e S TR & S i I8 AR AR S =N R T 10%-15%
(wiw) 7K AR m A S/, R N IRY) Bk B R = N 7R A
MEFE R AL IR, 18IS 2 LR 5 v mT DL il IR SR A, AR R K A 2 AR
J5£ ISF PR 0 St AT I8 21 A 7 AR B R K FE R R % (SSF) i 7%
v, SEINTIORE A T 2R ReR B R AH R R AR o 5 A ek ek AR ) s 87 2 1) i 2z )3T
REA AU MR B S 1R R, J. Zhang ST R 1 7 A W8T 40 122 (1) S N s BB A% 3 7 sy [l 4S5
BAKR, IFEA NGRS E SRR A R R4 AP, X, Zhang 45 A i 48 TR H
[PIET IR B FE 28 T & 1 S N 25t RE AL FL 30% ] & &8 DA IRI/K Al I N2, I BE A5 2158 i R 1S
%[52] .

(4) g [ S R T & PR AE o BB ZE R S, a0t EIE R R AR A (F
BURARIIE) B 4E R BT W 2 PR I R AR A R AT . A5 R g
TEAT R B DA B b 3 V7 P 2 A [ e g 3 0 130, S A — b K AR R 1R T A
{55 P R S PR, TR 1 77 55 A o 2R &5 A DT 3 0 A JTR 2R % 41 4 2 I 7 A T RO B
R L R 0 B v 2T 4 2 B A, J A A 4, kiRl 20, mhiE 80, B2 WY (PEG) %4k
B B ) R T TR A R B R 2R

1.3 ENEGHIZ OE

I EARAEE AR AR (UURIEMREFE. . BA. R48E) HHT
BT S B TRAL R R B K AREA, Wi S A ERRI R &, WBETFa A, 44
Wiiedl . WA T2, T DUR SRAE = &Pl B IME AL 220, B S BR 5122
eAREE 4, B AR &) C-C BEF1 C-0 BERIE MR [N (Hydrogenolysis)
A A 2 2 TORE IR S A R R (T oy BAE AT AT R RO AT 5, BAT, R H .
R e 8 JEURL AT S SN AR B 2 T e N BRI ST AT TV AR S, T e R
B HEAT A M3 22 SR RO A B 3 K e,

131 ZulERN

FUE RIS (Hydrogenation) 7242 WEREEL 2 Fe RL B, 451 008 26 B I U B )5 2B B
L ZLEE . AKE NG A HE RS, e A B B RIS, 51 a0 22 2F R . FLPEEESE .
IXEEPERENT IR . E R R IARE Y, ARG RKAEFRABRBL, — AR R HVE &k
Al TN A TRMMEE BT . BRI SRR, R TR T
i, HABRIZ o, Flinz i C(ethylene glycol, f&i#R EG) — & faj B (il ———
MFTERT R SR AN R IR . —Fgls (PET) (AT, W=k CHWD fERiENE
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7 SRR T B 2 ey R DR A P A . SRR BEJR AT (DoE) & XY 12 Mg F
HIREIADESY QA o o IR . ARERE . % 22 ol S L pE e &
Ve oS B P RE W AR R 4 I L P9 I (1,3-A0 1,2-8 ) BAR /D ETT R
Ll W EEENF a0 E), REEREESY ZisH TR, fdh. 25dh. ik
AT, Bl 1,2-8 EE R TR L SRIEE VT B LR A LA R
13- B 50K B G AEBCRBE M B (PTT), KEH TR IR G5k . HAl,
13- A AL DR B A AT B A R ke Geligs) MAkamE (18
[Pl g-FE AR L) PSR 1,2-0 R E S P R IR AT AE AR B X e T Tl
AR TR MR WIZGSEAT IR R R B ORE R, Tk BN 1R TohE R
THAERE R, X b B IR — AN ik 1 R B R SR, A2 Rk
v A AL AT MAG ot ey, ABBIZ) 7 A7 L0 i DML o i BLAER SN R
R ROpERE, WS A 2 ool iR ] LUK B ik 4, el AT
b T B B AU R R AT R R . B . 2 Jole ey R e 1 A
Yot JEURE 225 MR 3 S i e, ADORTER . BERE . ARBTET 4R35 AE Y RN T4k
F R, R AR, £RRE ERAEENE L.

1.3.2  SEHESA o % 2 ST RE AT TR

R 12 FESBERRA 2 BRI SRS B
Table 1.2  Information of the references with using sugar or sugar alcohol to produce polyols

X b

i = & 7 7;;3 Se ol
AL e o bar JER} 7 il EP N
Ptblack, KOH  100-135 84 glucose mannitol 57]
sorbitol
NiCrO, 275 200 glucose, 1,2-PG [58]
sorbitol
Ir-ReOy /SiO; 120 80 glycerol 1,3-PG [59]
Ru/C 220 80 sorbitol glycols [60]
Ru
L itol, 1,2-P
sulfur-modified 210 60 sorbito G [61]
xylitol glycerol
Ru
starch
Ru/C 150 250 ulin polyols [62]

sy 5 A U N RO FU TG B 2 B LS 20 SRR, Cake B IKIRT JAEEAALHE
R, R P AR RRAGTR,  BRIh R R A B N A A T AL R H R B
S SEAE RRH  FR R T 03 R 30 5 E E TR AN 26 IF R R4, SR B B B, R
pH {2 s ¥ & C-O # [z C-C H WA (1 U S MLX 2% A BRI 2 v H, T8 R 5 200
°C DA EJF AR B AR JT . SRR 7 E M RO, R W2l 4 i Cao
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B NaOH 7. I SN 5 U S Bl AFE[R] A e B s R 2t AT, ] LLor BiIE A
(RIS R AT o I JLAER, A8 L AT J LA 75 SR P S KR~ Ml 7K
BTSSP AR LA LELLRT, H0E S NI 2 2 A bR B AR e = Wl Homh (A
=8, BT AEYSMAT I A KB &, A B U SN B bR dhiE
W N . LIS oo, HO S R DA R RR G IR SRR A PRI S 2 e . DA
KRBT R BR o, s, OB B, Hh . JER S aI AR e AN S A 2 o0
BERJERE R 1.2 A% T AR U B 25 R fEIX S84 3 i F AL AR R B
WREIMEA 2 ARG, FFHMELTIRRMEARE RS, &E L2 SA BRI
408 Niv %7 Ru. %% Rh. 4 Pd A4H Pt o R AL 4 Cus £ Zn. #5 W En R th
PURCH o AEIEFRAEALTINS, — 25 S AT IR S S N I B 1, 53— &%
JEMEALTIRIAN A BRI (A7 dr S5 A 3K . Agnieszka M.EE X AN [A] JEURL R SEAE AN ]
TGRS TR AR I R A R U S (LB T 0 VE R 53R ™0, i ks, Bk AL
MR BRSNS 2 e TEAEMATIN A . RISV AR K e A
R BRI ROt 5e 3 . MRS AF4E 2 JFURMR Al A Sk . REATAE JEURL S A
PRI T 0 LA B o T IR A B AR R IR ST BIDFE frii (400 °C PAED [ (10 MPa
PAED FHIARBEL4ERZM AL PR —FABEEREL RIS, 55— J7 XS £F
Y R BE (110 2 ALK R AR 7S TG AR 2R3 4R, T X A S 47 4 3R 5 50 2 S 4 e A
SORMIREFTIEORN —oelie A Ll R wt e, JF HAR LA ik 3.

og o OH OH o

HO OH OH

HO 0 HO/\)\{'\/ HO\)
OH\y~\ H

OH
OH
OH
HO OH
on ~OH
OH OH
OH OH OH
" oo O A
HO™ ™Y HO OH OH
OH OH OH OH Ho\)\/OH

B 12 B WESHERES TEREE

Fig. 1.2 Diagram of the polyols production of sugar and sugar alcohol

H 1999 AL H A R I A& 1 L KN 9 IR 26 73 — B 138 L 2 F s H oA
AR T DL RS G T8, b BB A2 oy IR Tk DOk, sk 2k 5t
Bl— BRI 2 ol A 1) EE Rk Jek 2 ol A T2 —Bog Se R ek AL s
W EbE, Ha N Al m, WA B n AE Dy il 8, B ] DR SRR
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RN R R 2L PR T o AR A 7K™ 4 32 B0 e i SR, AR A =™
VI ANERE, SR R R O i (E2.2), HIbn WA IKE~ T 2
TOREAE, A SRR K VR AR AN M AN AE ZE 7, B IR b 22 e e
IR B B A& BEAT FREAT R V) 22 el 267 B8 B AP AE B R EORME R . REAT 5kt T A
AU RARAR RIS 2 B F T Tl B 52 21 B SR ORI SCRFROARS R AR 3 IR
kL BARKIIS

14 AREGERRELE ZERP AR

RNEWE “Vehe L7 MEE, 24 EYRE AR AR ER 2 —, RKIE
ok T JR [ ) PEOHE i 176 X A5 Pl 55 37 s 1 [X 184 %51 2008 45 ) P AL #4720 J3iE
REWE 2B T CABRF4IE4T, 2009 4, 7 IHRIARZE &0k 600 J7mEle 571, 7rk
IR OB AR A, AR R LW 2[RI AR 500 o T A A T SRR S R IR v OR
=) O, H R NRRAAER (F4EER. LALEBEMARTRE). 5MERE>
CEEM TR, AR L B K FE (distillers dried grains with soluble, DDGS) K]
ArEtERE . EE AR A RIS, WAMEAEEAC, ORI A iR DA AL
BRI, R, SR AR I SINAE, RF BRAROR 2 2 L R SR HE AN
WA A EE R .

AR E SR ZE S A e = AL A e R N Ol R A S BRI I7
DL R P AR ey ) SR BUE R o AR R T 7t b, d 50 rhie i & &k 55-60% (T
), B PR I B TR /I AR BV AT 43 81 K B i ST, xS A 15-18% 1 £F 4k
KR AT B AT RE . F4E B . AREE T e 107, K®omk
P Jo AR E AR, Hoyekn &2 AE 3% LA, 32T LLRIF B A ROk sy B2 7 & 20-30%
MAAE R . RN LBE B = Fhnl LR 7 K

(1) REALERER EZEON OBEREE . BN IMA 4 R IT RE A 4R
ERIFP A S KB = ORE . OF TRISCEEER R, HERZNA R O RE = R AE
11%-21% [, 154K,

(2) REAHE R WE A5 NS CBE R, WARZE BT, Hf
INAF 2 2R B AT A EE 1 [P B S R I AR 72 B« R ZE AR P2 I R 1 40 8 = i R
AT A REACATIAS R AR IR AR ZE A1 4 il o P 2 4, Rk, OF AR S0 VA 3R A 7 28 v i P 1) T
ACFE ] LA SR AR R AL RN G 82 O FE R IR R . F KR B & I 2873 am xt
R BTSRRI UL, 38 SRR A F) 3.25%!) . Zhang 25 A% R TAL B (4
RE AT e R B, TRAC TS (R R e R 3 56.96%!17), X e i 4k 1 7 v
AEAE )R N TR B W AR BRI, 38 i im B2k B L B BE AN B IR FE IS, A
HA& TR M - FIAC R A i K B ), ARk 2B R e . PRI



BARE T KEFH BT 5 13 7
RS 5 4137 5540051 B A KR R 1A 2T, R T A B SR 0 1o i 75 Ak P8
A AT R, AR 201 R AR AT T B A 0IE A AR

(3) A% 2. W KW ch R B Ve M 5 4P 4 AL L, 2B R TEAL IS AR e,
[F)ENF R IRREA L B RLT 48 2000, EAT IR ST 10 IR 5 WAL, R R I L. AR
BFFERY, TEAREREHERE DRI 45N, R&LREARE (141% (V) 12
FA 14.9% (VV)), UiHILTYE KA B T AR R, R AR TS 8,

1.5 EAXMAFEHNBRTEERX

PARS A OR JsU i 46 22 Tl (O 70 B % T2 B0 MREAT R, SR TR I vl A
P2 e, ARVRFR B v R S AL S N As AR 7 200 R AT AT £F 4 K, 153
HEPE LARER R G MR, el Bl e, EEmB G, B 1aci. mReRikgE
HISAEATRE, FEAPREE L B G &M/, fm kSRS 2L TRER
. BAEREME 1.3 Fs.

P W, i N——
KA > AT —> YR
TRAER B e %ﬁTmm
FEFPRL & | | EMERe. | T e B AR
i i HUERRE LY, T
igg ;J:Tj > SRS > AT > RA TR

it
PR, ZERGY | ok
. A 4
L B
7, i
Tom N

B 13 DRFAERSU TS TENERETZRE

Fig. 1.3 Main process of chemical polyols production using corn stover as a feedstock
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f£ EIRRAES, AW LR T A RA

(L B REAHERR R W e LS RAT AT AR EEIASY, SRS AEFT A K 73 25 B
FEATARIR AL . T4 BERELL . R REAL QIR B R oI, 25 RS AT RR BT
AR AR DAL EAE

(2) BFXFPALEEIATT, PRRWACH A MR E. POREIRLIL . SRR SR
AL B ACR K50, Gl IR R AL B SR L, JUA i & AT RS 2R AR IR TAL B L2

(3) EFXIHEALIATT, IR FEMHE L ROR IR S N2 AF I AT AL AR, 45 5 B
AEJEA S LTHER BRI A JURME A E i, REBIE S A TR HRASBON
AR AL FT AL 2

(4) BFXRINE M, KA [FRS ) F2 P AR AE R 4 VUM T AL SR B 22 e
BE, DR AR RAE R R, A= ot 22 ek AR P O BB A AT RS 2 5 R
BT 20, I BN HIRE X AR 45 R 520

AT AR E AT BB, KA IORFEAT Bl s VAL T, AERAEYIR )
FHREARGURSEIEAR QIR 9 RS FT S A5 21 4 2 9 50 55 —AREMD R . it 5
AR AR SRR B A8 20 A FH SR L ELAT AT SRR R, REAT AR 2 ST RERE AR N T 24 BORIE ST A
A QB A “JR T Bt e m e IIE R SOV AL B, @
Rz TSI A — R ACR e A B et Ok, AR RIeE 1R RS, X [ X
& WMEE RPN, KR REAM B, SOl T SRS AT A
R RKI A 1 A A TAT ML R A 5 e, Gl SR S5 AN T] AR B SR
M S=, XfEmAV R IR R, G H R R AT AR08 3 B S PNl B 22 4, 12
FARNIAEL, IR RN, RIBIEAZ 5T BAT E 2R

AT 57— T LA W SR AR AT 4l R B R B2 L, B0 1.4 /AT
P, = MR B BT YR L LI I TR R R T 2% B 7 kR sk AR R R AAE, JFE
bz Tl A A LA o A SCRAAR S B 83 BT DN JEURE, X6 =R VAL Ry AR
BRI T AT LI R B BORIEAT 1 R, AR A BRI R L 5 R B A &
B, ARBA AL R S R A O RSB IRIBR ek 5 T 43R
AP O, FEX = MONERT T 2. B, X T =RORE AL 4ER LR HIET
UEZRIG P RAS AT BSOS 8 8 A S8 2 24 3R VRN T B 2 5 M SR B4R
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F2E ERGHRENENEBE~Z TR

21 FF

ASTE AT EE TN R L DL EORRE AT vt Rk, 2 TR IR miR B
RSB AT IR o @ m B SRS R A TR i . AR
BT T ERRRE P RS ER AR AT . PUACE, BRKRELL . EALRARSE TR 2
SN REFMFHIEE S BN WAL R, XY O R B
SR SR R B SRR T A RS AT UL AR e I O R B AR AR B, 38 3 R
FAR B BE T, A SCHRER B3 /0 MR 2 FEm R AT AR EL M 2 1 BY, R I
BEAT RGBT TR o3 AT, RIAS B i — 538 ERE T 1 28 AL KRS AT B A2 AR 2 1 B
HENE, Ui, IRWEE BT, A AN B KRS B BRI, LR e
HIEJRMETE PR & N2 LA S TAL B R B A I % 3 R e B SR AR S
ASSCAEAR S8 ZE T IR TIRAL B S50 A B i [ AW A S S A PR it =, BRR T s Foldk
BRCR MK BRCR IS AR, IRES G AR i DUIAS 2 mopiieoR . RSRAS 1iE H +
g2 ol A P BT G BOR

22 MREFE

221 SEERRL
2211 FEFFEEL

FEFF 3 Aok B T 5 B ST T BB 2 1 I B IS . L&A KE
A = VAT e SRS RS AT F TP SE S . T TR B RS AT, SRR R A AT T
S5, BRI NERRBEKEED LG, REEEENUEERRRK S, &E T
ST 105 °C T R 5 RS AT 22 B Ok WAL A 2 ORI R/ J9 0.5 em
IR, WEE THERP =R B LURs G 4 4: 4 3k 2.1.

K21 AAFMERBITAERSLLERSE
Table 2.1 cellulose and hemicellulose content in the corn stover
AR (% B4R (%)
FK 37.0440.12 26.8440.12

BT £ 40.5340.24 28.7240.80
0] e Ik 41.4240.08 31.7440.18

2212 A4 KN
AU RBERH B IUR R A G R AR B Youtell #6, BEABEMAM AR, JELR
Bt % A 145 FPU/g BEF) -



516 T EEREREIT KPR

2.2.1.3 EFf

Sz B A Y. BRI EE BE Saccharomyces cerevisiae DQ1 (Hp [ 3 i A W 1%
j H1.0 CGMCC %54 2528), ASLEG = HATHARTRIES R, FHAM Sk s
FErl, &6 THRTUCE AR BRI . WIEH#I% Amorphotheca resinae ZN1,
ARSEES = HATIIEFS], FA S BRI AT A SRR SR i e
22.1.4 2y SR

LI AT B TCHLEL . BRER . TR AR TSRS T i A R
FIERAF, AR %K. EEM. A OB T EZAERCFRAARAF, AR %K., H
A 25 5 VYR 2K T sigma A F] . FEERR G T BHEEREA IR A R 3284 B T
T EREMAMRAA.,

2215 W&

(1) TRALHE R BE2% AR SEE0 2 | T, 2l 280 R A2 48 (i i & 7724 3.0 Mpad s
TIALHR f 37 S8 AR SRS B = R . RN S R ER AR AN AL, RRFRIR, EA
2950 20 JEOK | 1R 40 JE K o W S IS A P, S8 T 22 T R B ok PRI SE sl adk
OO 2 e A Ve P 1 S Jg R o SR N SR AIMRE A AR B A2 BN IAVE R, 78 N 38 N 3
FARIRJZBCA A, 20 5l S I A B R IR

(2) WEAL BRI e N s A SR a0 & B AT W, i IR AR & A TR A J A7,
ZRMNARIEARE .. il pH #HERS, HAF SR 22— H ISR i dk 3,
DAL FLE R/ R 5K, EIRE KRG T REIS LB Sk 40% 8 14 & & A 41
U SRR AL Je R I R, USE A B 2 I S 4 S A 1B 0 5 25 Sk,

HAh &1

1L m SRR NS, BOE T R A 7

LC-20AD & 3G AH il (HPLC), HAS S E#A A

GC2014C S AL, HA A

HPX-87H i 4+, Bio-rad Aminex

RID-10A /m Zf il &%, HABEAF

YXQ-LS-75SH S &V UK B, Filg RS AT RA A

SF-300 AL, iRt MR &

BDHG-9140A HLHAGNTIEAE, HilF—ERFAEHR AR

SX2-2.5-10 FH X FHPHA AL E KSW-4D-11 (5 5 f 8%, iR sml A R A7)

HZ-9212S 1HIR/KBHIRGREIR, TLIMERIE LI %

BS224 Wi R, MERFEIFER] 2 AL SR (i) A R A A

Milli-Q #B4li/K £%:, Millipore /7]

RE-201D Jiei% 28 kAL, R EA R A .


http://mtlxiangqing.b2b.hc360.com/
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222 SERTIE
2221 FEFHEBERE

FEAF @ A —EEMVe T WA KRR, SEI8 A K B I R IR A RS AT
BEATIB/KIBUEAC B, $ B B A AT P 75 RIE Ve R K E AN, B %A EE PR
M REAT I AR CEFYE SR 1) Bodt I CERG IR TR BRASCR K52 o FEFTHE TR, FREX
500 g TA5FFF 50 L ¥R, A I AFEFT 21 100 %, 50 fi5. 30 fiz. 10 f5(1)
HkAK, AWiidE, 150 10 28 A G 2 5 FIERUE R AT, 38 N PSS A R MR IL
FEE AR AR MK S, BT 105°C BAE T H o BREBHAA RSB &K
PETRRS, DAAGTEBEIIRFT (RN 0 f5KEE) 1E AR . b 264 2.5% (wiw)
iR 8. 2:1 TR [ L, MR E 190 °C, M 3 734
2222 FEFrmikbEE

(D WFRTNR . TR TR LA E: SRR & &R FER . i
P A FH BT 2 BRI B RS AT B 75 OB R T B, RN g BRI/ g T A5 F1>100%; Titiz
[ LEF 4 TR0 N BT P A YRR R B L, RO g ARG WA . TIOR G2 S0 S k)
P —E MBI EL (2:1-1:3) KBl F & (2.5% -15%) J1 N 5 B3 5 5N 5% R it BR 1AV
FERIBEF S (RN 25 L) FerfiidiR sl G, 3T aapldisd, = TR 12-16
/NI FE AR

(2) FAbER e RE: 4 FR TR G AR AT [EAE B (28 Y AR B /)
T E R NN, B R YR B I R N TRACHE S B4, 1 R TERE 22,
BN B TE R MG, SR iR K ARV (2-3 MPa), TEIRE T4 100 °C 27, $T7F
HE AR AN B S, FEFT S HER R HE A 5K . I =T 100 °C LU, K HIHE
SRS HEKI, R R, dE ) SN g N BRI S S ) ETREEE, A 100 °C
FJ 150 °C #=#I7E 3 min A£45, M 150 °C 2] 190 °C £ 5-6 min. 425k MR & (190-200
°C+2°C) Ja, RT3 KA RMPREEERIH AR, 5 R PR R B AR T4
FE— & BIIA] (3-5 mind. JRMEEHE, FTIFHFRIMES, 30 s AR RBEE A H ) FE 4
KA. TR EEYIRNA H G RN RIS, 4°C fiffE&H .
2.2.2.3 AL FRAEFT ) Ml 7K AR B

TRALBE S REFTAE — € [ & 8 N 3T A YE R B KM OB, 4[] & & AE 20% AR I, K
fif e BT 250 mL B TR EAT o A FHRRAE N S N AR, SRA 0.1 M. pH 4.8 KIFTERIR
NG MRAE RGEME R, RS AERAKIBTEIR . 2 &2 20%0), KARR ST 5
L 85 S N g AT, SR RN AR AT pH SR FE AR S I e S AR Y pH
B A, FIFH 5 M NaOH 345 S AR 22 pH ELFE BE TS LN o KA e 3 32 8%
SORE SN IR (40508 45, 50, 55, 60°C), AFEESE (5%. 10%. 15%. 20%),
AFEEAHE (7. 10, 15, 20 FPU/g DM), A[FA#Hi#:F# (100, 150, 200, 250 rpm),
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ANE pH{E (4.5, 4.8, 5.2, 5.5) XFFEFF/K AR HIFEI .
2224 T AKFEAEYINLE

Fi 20 mL LB HE & FKIG T KA g 1% Amorphotheca resinae ZN1 ] PDA 1%
FRELRIH, K TR TN 200 g £ A SRR TiALHE 5 HL4 Ca(OH), i pH & 6.0
fAsF, KAREFTE T 5 L (BRI F, 35 E&T 25°C MEET REHRT R ¥
IR R A H R IR F /5 Amorphotheca resinae ZN1 i [F) e HUASFT 3% 97 i — e e ph &
2 kg MR TIALHL 5 H A4S ALY pH £ 6.0 IFSATR, IERBEHHE &AL 5],
UGS () i EE SONAE 25 L B BE RS BRAR AT, 55 FEEERAEIN &1, T 25 °CLIRSE 50-60%
THERSRT K.
2.2.2.5 FOKFEFFEIEWEAL L BE R

G IR R AI&RE 20 g/L, KH,PO4 2 g/L, MgSO4 1 g/L, (NHs) ,S04 1 g/L,
YE1lg/L. pHEHHER. & R3EFREH T RFEL.

KRR S TR R TAL B Jo R & I B RS T E 15%[4 & & . 15 FPU/g DM B &~
WLk 72 NI, BEALSE RS T B0 HLE 8000 rpm By 20 23, USEE KRR B . 4Rk
PRV _EIE S INE IR R SO S A R R

25% K AR IR IR 5L BRI 7R 5L 5 G s R AR AR AL 1:3 TR AT, K pH EH
5M NaOH 454 5.5, HTHEMYIfk.

50% /K ARIRES R 5L KK AR 7R 55 5 6 s FR A 4R RLE 101 VR AT, K pH {EH
5M NaOH {974 5.5, FF &R YIL.

) 20 A B I R A i B 55 S R SO BE A : KHPO4 2 g/L, MgSO4 1 g/L, (NHy)
2S04, 1 g/L, YE 1 g/L. Fiki5575: 58 77 A2 4 AT 7E 115 °C 2877 K B K B 20 min.

R PR R S YI I RE : B 2 mL HlA R ORE (<70 °C) B FR, A 20 mL (100 mL
HERHD &g sRIET, 30 °C. 150 rpm R FEATIEAL 18 he 25 LL 10% (viv) ({3%EF
BN 250K AR FRE A, EMFPEE FYMREFE 15 h (—%Fh+). 25 LUAEE
M RN 50% KRR IR b, FEM R PR S k2R YIb 8558 15 h (ZM1). i
JEFRLL 10% (viv) HREEMEREN 50% K i 754 (500 mL #EJE 2 250 mL) H T
BERA T YTOREE SR, 30 °C 150 rpm Bi FRAR TR IR 12 h J5 T R BERERE AR SE LG

[F 2R R RE AT 3 9 PN B, B TRUBEHARR i BOR [R) A0 BB AL 5 R B B 2 T
P B, AR A A2 LG R E A IR R N AR K R AR R, kA
NKEEGEF, ARG AR T s 2.2.2.4 S5 IR A i 35 58 2 0 TR FEFT (U &R KR I M
R BN BFEMAEEH 25% (wiw) . TIEFFEHTBAE 50 °C. pH 4.8, 150 rpm )%
PERYERF 12 he TEGMASS RS, BB RGN 37 °CL pH FHm 22 5.5, 285 BL 10% (wiw)
fdeth i N EIRYIMERE 75 5 W28 =R BRI Al oI BB BE AL 5 R IR B IE AT 46
TEBA R WL A BE R RE T, A 5 M ) NaOH =ik & pH v 5.5, 5 I U,
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5 13000 rpm B0 5 min &, K E3ERT HPLC #4700 KEAISFERREE 72 /N6,
2.2.2.6  FRFERT KRR 2% S S Al B 2 To g

TRFEFTREL 45 R 5, R A B O L (8000rpm. 15min) BFEATEREL UE, SR N
A 3% (wiw) FETERRIIFAZ 80-90 °C, i th 30 78l Gk T Ay, Kk ik 2h
RIEN 732 BUSRIRVERH B T A2 He bt i e BRUEM 1 Na™, 54245 FH D315 B 55614 [
BT A HM IRRR 258k SOL%, H i I FH etk 25 e 2K 8 138 3 B VA TR 4 28 S Bk
74 200 g/L-400 g/L #& o fEHATEMR IR BN, T R 22 FIn N IR e fa i B
TN 3-4%0) NaOH, #h78—i& E R, T, MASER REBRETHRRAT
D) R RES MR R 220-230 °C, ZJERFASIEN 11-12 Mpa, W 120
SRS R RS R R E R 0 o B AR, X ETE S S A T 2
TCRE L. FEVHE 2 JUREWC BRI, BB INE R A 5 R B RARAR AR AL A RS AN T

% JUEE IR =[ 2 JUBEIR )L HEVR FE] X 100% .

223 ik
2231 YRS KEEE EES T

WYkl E T BT 2 EE B Roh, IR PR E ML, PR 2 M2, 2
FH R PR E T 105 °C MUAE TR HET 4 /N DL R S TEER, 0 S E M3, U8
BHAETEE = (M3-M1) / M2x100%; &/KE =100% -5 [H & .
2232 TRALFERCRIEOY

o} R AL AR A PR SR NREL ) LAP-009 FFRS1EMEEL, & Tab B 5kl
SEATHAL I BE S T IR Bk B o B, stk ik & . T 100 mL BRI R EUR &N
1 g FEMFEF, %010 mL 0.1 M. pH 4.8 ¥ RRENZZ T RAE NEA £, I BM
NaOH VA0 pH 1 % 4.8, #5 I 15.0 FPU/g DM HI4F4E 2§, J% 0.06 mL JUIFR &
W (10mg/mL 75% ZBE)FH THIfIAE ALK, 2 JEHEBTF/KETERRE 20 g (5%
wiw), HJa R E T 50 °C. 150 rpm MIZKIBHEIR, BEME 72 ho FEALZE R L ImL #
22 13000 rpm 250 5 A8 G, BRI T KR =0 B e o RS TAL 3 A A B E
UCPATSESS, BRI B PP B AN P47 . KISt BT

, ABEARE g/L]*0.019 L -1g x[FE i AKE & & g/g ]
ol 4% = |
RIH A% Tg <[ RERh AR 2 it gl %1136

Horr, 0.019 Ay Bk R, 1111 J 1.136 43 5 050 Rl M A ML A0 g o
W () 52 S R B0
2.2.3.3  TALFRYDRHATT LG A . AL B B T

FREUR & 1 g TEMRFT 100 mL 4R, IAZ: 8 FREEE R LRSS
20 g (5% wiw), FZIKZE%E 5 & T 30 °C. 150 rpm fHIR SRR FHPeMt 2 /NS 76 4

x100%
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FEoe s YR T il sk B (mL) PEAREEAT g . hoEAS 2 DEMUH T Tiisk 2R
YRk AT va PR 2H v R U 5 ) BN SERE AN A S5 B 23 (R 5E o KBV 5 B Tk K
ZUMPEJET 105 °C TR IEE RIS ANE MBS E m2), R [ A H T
SEVVRHF KA B A S B iR FaAgERSE. RRdErTHES 2R KA
WA SR (WIS) FEA:

WIS = (m2-m1) /1x100%

(1) IR A NE, ¥ ERHER R IERE HPLC 70 E, 38R
MR BN KBS, OB CTRINRR. MEE. P2 AOMRER IR, 2E T B R 2H
Rl VEPE RO SR, R W N AT S S &

B RE SR EE g/L] x0.019L

POk AL R molg = " 1000 mg/g

(2) PR FAYER LFERRESEINE : X R TRAL B R A E T 2 4 b 1
SR ST . DR P SRR S B MR Y NREL w52 D7 vE R R R e,
AR YIE S S Sl e oF

AERAFRHL 0.100 g+ 105 °C NAETZH 5 RS AT JERLEL HIR S 2 RIGVE. g, BT
JE W AEYERE AT IR T 30 mL B 28 & 5l EH, SRE A 1 mL 72% H,SO,4 T 30 °C 1Hif
KRR 1 h, 7EEERE A AERE 5-10 min fE I BEIEFERERE— IR, foF ON 45 SRS 7] R )
WETIAEE 7K 28 mL {13 H,SO, ML N 2 4%, RJEHIETIEE, IF F T
XA MRS) . AP AILERE%E, ETHINKES T 121°C TP 1h, £F
VSR JGAEE =R, IMABRBRE AT pH 29 A4S0 FiEd &0
B T HPLC J%E

SERPE S RS M E BB, B5 mL & EiRhIEE BRI T 30 mL HLEER
JIRE T, FEIIN 1mL 72% H,SO4 X2 23 mL £ B 7K, BEINBREGMEE N 4%. 3T kK
BIRE LR YR A AR AT 77— 8 a2 HPLC U558 25 5 R ACHE Rk I
J& . 5 Q) BT INASAE S AR AARE S A2, AR AR B AL Hh A SE R AR 5E
PR &

BT R ORI T5 AR 121 °C il NbAT , 1R bR T 2845 B8 K AR B A T 52
Me ) 5 45 5K, DRIEAE SUR AT I, 5 T B A 28 A B AR VA R (R 0 LR AT AR R Ak
P, JEIE SIS BRI FE AR A AT s il b 2 AR IE o ] 2.1 il 5 I AR AR
N
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@ Glucose Xylose

y =1.0835x y=1.3084x
R?2=0.9992 R2=0.9968

[EnN
N
)

=Y
o

Ea » (o]
1 1 1

N
I

Original concentration (g/L)

o

o

2 4 6 8 10
Concentration after treatment (g/L)
B 21 HF%RIERSTTRIE#L
Fig. 2.1 Standard curves for calibration in fiber or oligosaccharide content analysis
FARZAH 7y BB A AR
[ 2 B @/L]%0.029 Lx1.083

—FPEZX\ /_,‘\EAO/ - XIOOO
LESLEE L 0.1g x1.111 %
, AKFEHE ¢/L]%0.029 Lx1.308
A Y%= L g X100%

0.1g x1.136

Hor, 0.029 s RNk R AR, 1.083 A7 1.308 NIl 2.1 45 3 i e A IE B %, 1.111
Je 1.136 43 5l 75 S 08 R FEBE I e A R 3L
2.2.3.4  FEFF Ao E B E

XS AT A AR S5 B0 S SR FH e i P BELAP AR F U 22 EE R T, U TR SRR
d S HTERAE 105 °C AR Rt R EE, JAJEAREL L g 24 GEsgEN ML) FEFFJE KT
M GesgiE RN M2) o, BT P+, EdeEiRE N 250 °C, HERFAE 250 °C
R IA] 2909 10 23, F4E 250 °C B 30 404t . 58 2 BN 575 °C, 1 250 °C
THIRZE 575 °C A 2]y 20 704FIE(E 575 °C M 3 /Mo ONZE R G, AN TR
MRS, HARRRZ 105 °C FRUEA R B T TSP 4S8R 2 S5 AR E, 103kt
AR SRS R (M3). R K IS & = (M3-M2) /M1X100%.
2.2.35 [RGB A A

WA, AW OB, ZBR. SRR BRI J 2 A AR S5 A & P vk BE a1y
RO A 52 o ME S5 : 5 mmol/L fI#% HoSO, MR EhAH, i A 0.6 mL/min,
FEIR 65 °Co 3BT iE i i Je i i M A B AR A 0.22 pm IOUEIEIE 8, WAH 2
AT B b IR HERE AR AR R 20 pLe
2.2.3.6 WAL K FED A K BEE R A R T

WAL I R B R B FE P AT RS . KBS, A3 M R AR 2 1 H 4 T,
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AR

[Glu]»¥/
iR = f 3Biomasspm>4. 111&00%
[Xyl]¥/
AR = f,>{Biomasspm>. 136&00%
7 W = [Eth]wW 1 5100%

7976.9 0.804x{Eth] 0.511x<f §Biomasspm>.111

Hrb: [Glu], BEASE A AT B g/l

[Xyl], ﬁ% BRI ARBEKREE, g/L;

[Eth], KBS KBS OBEIKE, olL;

V, BEALEUR B2 R AR RS BRI, Ls

W, [FP RS ket ﬁ%%méﬁmi,@

f, VIR 4EER yg

%ﬂ¢%#%%% , 9/9;

mmmw ﬁ%&ﬁ@%%m%ﬂlwAE % (W/w);

m, HEUR A RIS E, g,

FIRAH, 1111 5 1.136 73 5 8 SEE IR SERE R AL 9 BB ) SN, &%, 0511
ﬁ@ik@ﬁﬁ%ﬁﬁZM%%%%@J@@%ﬁﬁm%am@”%%F%ﬁﬁﬁ&,
W67 920 e R FE L R T AR ) AR AR BEAL I RE R K LA J Sl - 7K AR BRI 7
R A R 4 ok 55 =A™ DR 2R 5 &N N T T G A8 1) £ A 3 1 B =

23 GRS

2.3.1  FEATIRO B AEFHA BEX T AL B2 ) 2

TEVEARAT & — M R B R AT A AR I, BB TR AR T AR E R, Fr s
HIRERBCREMEZE, Wk 2.2 s, XETEPRL, AKER I, S8 akK
IEL AR, 9.6%FFRE 5% /A, FEE K& R EA, AN SR AR SR
BAEREIN. B R ROV BN IR R, ZOuRERE . 5EE. BRERSE, X
R MR AE KV R S 1B 2.3 AN AT G ] EL T e Jm W RHE AN TR B B pH {HL,
GRS » SR BRI, th Ry A2 0 25 BRAEAS RS AHR T /K JE AR 1 pH ELZHT IS,
AR 5 K0y & A — B AR IR IR TR ) » i B R A AE SRS ATIR Tk R IR 1E,
BEETEVERE IR, MR TR G VIR pH BEAK, U 48 R BR TS AL AT IR T RERE 122
59, FERRLRE P A 2 R s — B0 AR -
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45% -
[0) .
350 - 33.67% 34.04% T o0
° 7 31.54% 5 3 3
I, .
30% | 3 :
o~ = R : 3 == Ash
c e
g 25% - §8QW . 830/ E=3 Glucan
. 0 . 0
S 20% - %-10% 1§81% b e 3 Xylan
o i
0% 960%3,_ 4 R S
0 ; e o
% 6'79%\}- 5.30 4_95%
5% - L, :
0% Al i SSE

0

10

30

100

Liquid /solid (w/w) ratio during the washing process

22 AFFESBE L E WA & &

Fig. 2.2 Fiber and ash content in the corn stovers which after different water usage washing

R EIRAN RS R I LR e Ja ROARSAT I TR ER AL 2, FACE R VIR S 4l & &
W22, £23 LB 2.2, ot EIREERATH0, FEE FENS VLR HG 58, TACEYRL 1)

A¥EESE LT

pH value

10.00 -
9.00 1 [
8.00 - e o i
7.00 - it :
6.00 - b :
5.00 - s :
4.00 1 | EEk e :
- T
3.00 7 i i g,
2.00 - f:opE ﬁ f /]
M 1--1." ek
f o @;&fl
1.00 S g
000 o B

ERES B, PAERSERER, BB IEE S
HOpAL E R RGO, R REK B TR AR i EBREI 5 7 ERS R R TR ATRE 7T, M1

£=3 After washing

30

50

100

Liquid /solid (w/w) ratio during the washing process

B 23 ANAFGBE RS EYRHEA R B pH E

Fig. 2.3 PH value of corn stovers which after different water usage washing
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(G IE2TNIESE SR 5 26 VN (S VAN ) s o) 1N e 0 LS 520110 B R SRS R /I S e
ME ERE N (R 2.3),

R 22 AFREGHE LEREYRETCEERBEA SR

Table 2.2 Content of the free sugar in the pretreated corn stover

Liquid/solid ratio Glucose Xylose Glucan oligosaccharide Xylan
(mg/g DM) (mg/g DM) (mg/g DM) oligosaccharide
(mg/g DM)

0 3.23540.205 15.38140.442 17.38340.783 87.89943.440

10 4.,56140.123 28.44840.370 15.89640.761 76.99610.717

30 3.60040.259 28.88440.110 14.35742.565 81.95243.401

50 3.99540.374 31.750+2.086 12.05040.765 74.572+.328

100 4.52440.218 38.89140.209 10.36140.043 70.188+.301

2.3 AREFEBE LESE R E T EENTIN S E

Table 2.3 Content of the inhibitors in the pretreated corn stover

Liquid/solid ratio Acetate 5-HMF Furfural
(mg/g DM) ~ (mg/g DM)  (mg/g DM)
0 6.91440.064 0.91140.007 0.52740.123
10 6.94140.051 1.51640.195 1.26740.039
30 6.27540.062 1.36640.022 1.451+0.387
50 7.102+1.560 1.41740.123 1.67040.048
100 6.14840.447 1.65640.316 1.53840.153
=== Glucan
40% - == Xylan
R R
35% -
30% - R 3 :
_ 25% -
c
£ 20%
o
© 15% - :
10% | [ _\Q\ Q\
5% | é.' .,
0% L4 :@ R ﬁ . ﬁ . .
0 10 30 50 100

Liquid /solid (w/w) ratio during the washing process

Bl 2.4 ARESEBE HEL LML A £ E

Fig. 2.4 Fiber content in the pretreated corn stover
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& 2.4 9Tk TR 5 Yk SR S AT RE I A B, X LRI 2.2 T R AT Ak 4
R, TRITETRES, KRB 20%4 4IRS 3%-5% 7, K FREI %GR
73%-85% 1], T AREHEIIER, HEHEESEA/NEE KK, & 2.5 ZEHLI T
TR L, WEEICRE 2.5 Frs, BRSO EE 1 A4, 7i< SRR £ e A
I VAR AT A, 33K U8 A 4 SR 7 T A B A ep R SEMELE A B it
TR TR R K AR 52 3R IR R T — 8 Bk, ?Jﬁl@ﬁ%@jﬁ, R RBE

1.4 1 S glucan
== Xylan
1.2 - -
a .
[ ]
~ 0.8
() [
> - T
S 06 ¢ I
@ ] oy
& 9 1Y
A by
0.2 1 ] o
] e
________ o2 4
0 |+ BEERAA RS A ]
10 30 50

L|qU|d /solid (w/w) ratio during the washing process

B 25 AREVESLHRIE HIE SR YR T B AR Hh (R B i

Fig. 2.5 Recovery rate of the pretreatmeng of the corn stovers which after different water usage washing

Before washing

6.00 - s After washing

5.00 -
4.00 -

3.00 -

Sulfuric acid usage( ww %)

0.00

<60 mesh 60 mesh 40 mesh 20 mesh 10 mesh

B 2.6 FREFTASFR AL HIR R NAE T

Fig. 2.6  Acid reaction capacity of the different particle size of corn stover
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FHHR BN FiiKs 100 fis K SRS AT B AT B IR FT- 20 500 07 20 AN [RDRLE () 2R 03, 0 4520
13 5 S%RERVE U N, A RN 2 S pH R HIE 2.5 4 (TR RI 1 pH ) , %
SRR EREFFRR IR N BE . ] 2.5 FBH, FEFFAETE BEHl o B A0 RE )8 b A i 35 (1 20
T /T 60 H A4y, SR 354000 S M AR /NORE . FEFTAS [RDRLBE 5 590BR BRVA R
RIS, ARIGHEAREFT 60 H UL N IR R BIRE T iR, MR- ELN 6.0% (wiw) o F
FHEEVESE, 60 H UL T A IR N AL SR TR, RIRAREE N 3.0% (ww) .
VLB e ZERR LM AR /NI, X R TE YIRS pH (R BN R, MiXH
3 H00 IR P 58 A Stk T Ak R 25k S 7= A I T RS

100% -
90% - = ¢ Glucose 0O Xylose
80% - $
70% - s @

60% - E @

Conversion rate

50% -
® &
40%

30% T T T T T 1
4.00% 5.00% 6.00% 7.00% 8.00% 9.00% 10.00%

Ash content
2.7 R RAS S EXNERCRNE M

Fig. 2.7 Sugar conversion rate of pretreated corn stovers which has different ash content

B EIRTACERYRL A T B AR SR, BRI 2.7 o, B SRR R K o
SRR IR, AR VRAT N, BEALAS R I v i T R T AL B Y Y
SRR, R JEURHET AE LS RN IRE LR, A 1 SR 5 AR SR ol B 5 2 T 4 R K
filt, HIEIRTED, YRR SRy 5% A, HURBERIK SRR T 70%, AR
FIKIRAF KT 90%, FEAE K7 & IR, R 5 A SR (X 4 AL S AT 5 BRI, XS B
A BEVRPEL (B &8N 9.7%MEED HRENKBERRE 45% L4, il
AT A5 B BB A o3 5 RO, B R TIUAL B AR RSOCRBAIG DA T 32 S i 7 A SREHRE ) e
R R
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Glucose: —e—0f# —a—10f% —® 30fF —@—50f% —x—100f%
Ethanol: —e—0f% -A—10f% -—8-30f% -©-50f% —*—100f%

70 1
B
60 - 1.0
2
D 50
- 08 2
[ —
o >
= 40 X 5
= 2 06 S
=
§ 30 i
S - 0.4
© 20
0 X - —X 0.0
0 12 24 36 48 60 72
Time Chr)

K 2.8 ARNEGEERBICERETHT 2R R REE R
Fig. 2.8 Effect of corn stover washing degree on simultaneous saccharification and ethanol fermentation
SRS A JRAIE S & 25%. FUREALETIA] 12 h, B & 15FPU/GDM. 370C. pH5.5. & 10%
(VIv), 3% 150 rpm. JZ% 72 h

e ERAFTEVREEE M R T AL B 5, eI AR R R i, s A
T RIS R B 0%, Seia b P R 1A 5 R34 09 25%, EEH &Y 15 FPUg
DM, P o A2 ) el B VR FE T 2 S A i 2 &) 2.8 . IEATRAE H, A
RIS A L ARG A0 ) 25 W A A I A o R s i) B AE AN T, — S TR AL 45
HIN FIRIRR I, BEETREDERE L AINR, HIRR L H 45 g/L &5 % 67 g/L, XULHITEYE
IR 34, R0 FUAL R 28R B R AT £ OB AL i BORE TR BE 2 (M. 5 — D, A&
BRI B, BEE R B EEAT, TR e 1 R 2R A 2 2 i TR R S
BARHKIREAT, 100 AKPEHIREFT iR 28 ZBFREZ DN 40 g/L, TSGR BRI B S0 3 2K
FERA 26 g/l (ERBEZE RN LR R ORI AT, LIRS iR TR AR U
5B 2.7 AL AR — 2. IS, REATAUKES, R TIALER Y
RORBEE TR VAR BN 8E 58, — 77 TG B /K A IR A e e e v, 59— D5 T X [
DRI e RS R IR TR, S & BRI K.

gi LATR, SRIFEFTEWGRIG WA 9.7%/E A MKy, FlKIEER BT AR 8 R
LRIV, REAT RS REAHR 1K 5 i, BEETRUEREEINR, FEFh
BT TR X Rl P R ) 2R B R AT AR IR AL EE S B AR AR A (e 2t 1, AR B T
R JERAT pH AEFAR, FUCHER R A Wi g 2 . MY SRl .. KBRS
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VeREFE R AL BEARS AT T W VRO K R 2B B AL C R B, BEALAS 2 [ L BEASR H2E B
EIHVERERE ISR G K, Xt AT 21 4 25 44 52 AL PRAS IR 1 7K P B3 RS AT H 2Rk 73 1Y
LA B TR IR TRAL B A 98 o [RIE, FEHEAT ERA MRy, X JEORE R AR 73 4%
il or b B, ARSI EOKOT, w] DUE T fa S K iR R, e e, RKIE
VeRITERAIRAE T, DU m] 25 R& R U= 2 S S8 W B R Rt AT R B Ak P
2.3.2  AN[EH AR FEFEAR IR T Ak 2
K24 FEITTRLEFMS
Table 2.4 Pretreatment condition of corn stover
I BVREE  WRAE RNIRE

1 2:1 2.5% 190°C
2 2:1 2.5% 200 °C
3 1.1 2.5% 190°C
4 1.1 5% 190°C

X Ve T 1 RS FT IR R TRAG B, S8 8 20 T (AT R 3R 0, O JE Pkl K & (s

U HITE 65%LL F) FEILEUR . #HIAKE, CARIFRISHER B 5%, [Ekt

2:1. BRERJT & 2.5%. 3% 190 °C. M 3 min FI%ME (3% 2.4 w5464 1) AL

PRALFR A AR, (ERAUXAE B MRS FTRE, XH &K A & B 8 5™

WK, I BRI AR b P AR = i S BEARRE U R, TR, 25 ER B4R R,

P TR NURE . DA TR BT AR RV AR S BRI P, T B = TAL B S B4 1, %5
ST IX LB S T R R TR P2 b A T KA AT AL B 5 R R R
R 25a HRFRETFIGCEEYRER REILER

Table 2.5a Saccharification result and character of pretreated of Jilin corn stover

s ToAb B RLE B 4H A B T A B EIHE AL VA 45
&8 glu(mg/g) xyl(mg/g)  fur(mg/g) glu(g/L)  xyl(g/L) Yield of glucose
1 0.42 11.65 59.79 9.29 6.34 3.48 0.84
2 0.44 15.42 55.66 13.59 6.82 2.34 0.90
3 0.37 13.91 77.74 9.07 6.85 4.15 0.91
4 0.35 38.39 110.84 15.46 7.30 2.94 0.97

F25b R ST IANEL G YRR R R L 45 R

Table 2.5 b Saccharification result and character of pretreated of Xinxiang corn stover

- TAb E RN B AH 0 5 & TRALEEPRLIE AL TR 45 R
&8 glumglg)  xyl(mg/g)  fur(mg/g) glu(g/L) xyl(g/L)  Yield of glucose

1 0.480 6.21 66.13 5.70 4.86 3.11 0.54

2 0.453 7.14 60.39 8.82 6.59 2.57 0.73

3 0.397 3.67 59.61 3.83 5.43 3.53 0.60

4 0.373 30.85 117.82 9.77 7.63 2.83 0.85
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R 25c TIFSERRAAT AL E R DR R bR g R

Table 2.5 ¢ Saccharification result and character of pretreated of Dancheng corn stover

- TRALER YRR B 4 &5 B FRAL BRYPRDFE AL DA 25
& & glu(mg/g)  xyl(mg/lg)  fur(mg/g) glu(g/L)  xyl(g/L)  Yield of glucose
1 0.499 4.92 40.74 8.11 5.41 3.47 0.55
2 0.443 11.33 63.45 17.07 7.52 2.64 0.76
3 0.390 7.45 91.14 7.96 6.40 4.55 0.65
4 0.361 39.42 118.86 15.74 8.03 3.02 0.81

KEAFE = H GEAR FEH 2 WEEIE0 B TR I AL 2R SR AR
n# 2.5 a-c fi7n . SL5e AT A R R 0, PR AR BE 26 A0 R AT 4P 4 R B B R RY
WA K . TRALHE 5 75 MRS AT 4T 4 R & N 34.0%. 3T 2 FEATET4E R & & 40.5%. HFI A
AR S ERN 44.2%. HETER I E SRR ACR, K 25 a-c 45K M,
AN[E] 7= i R AS AT T Pl A BRAR FE 22 AR K, SR B SRR A 5 IR . S iR ARR
MR II HH TIAL 3 5 PRE 454 & B LU 5 AP FR RS AT 1, FR B4 R R A I 21 4
R YE R, SRR PR ARAT BIR SERERRHE, Sl R AT A SRl — 2P [
fif, FEAETSEE A ARRE AL MRS SN . DR, MUSSL G W0k AR AR B pee s 1 1 ] DA
AR NP B SR P ) — bR . RS, WA R RS2, T i
190 °C #5142 200 °C, % & & L EA IR EA R W a4 m, X R W] 1 iR B 2 = in
JEll T AR5 A 4 2 25 R AR

THIR B A4 B 4 v B R FH S (O 32 v O AF B H it TRUA B B, 26 4 S 2% T,
H MFEAT R CR AR B e R, I IHE TR AL 1:1. BB 5.0%H) %2
2 V] MBI R AT 4E 2R 45, ST B RS AT TRAL B %A o XTI E 8 2
L R R, 1 S PACEEAE S, P ERRCREANEE CR & BETS 2 0.55), [t il
WO R FE B i, AR E A R AR S, UM AR 4 SRR, B ERRIA
0.8 Phbo ZE LA, ANEF=Hu ) KRS F T e b R A B2 i 52 FE P A e 22 5%, X
TR E SRR, BOEGWHEZMA N 15 TURFEWRG 2:1. B H&E 2.5%. &
%190 °C. #FZE 3 min; X THEGH 2 SEIRAOFEFT, FTIMRINALF KA FURE W L
1:1. WA E 5.0%. W 190 °C. ##4E 3 min.
2.3.2.1  AN[RITIIR [ TSt B 3k s A Ak 28 255 SR 147 52 e

HH 2.3.2 T2 AT, B M R YO0 I A R P B0 T A BR AR S el o i 3, DRI,
5 SLAR SN KR B A8 F B0 AR BRSO 2 e . Wk 2.6, B INER FH & A4S [ LL ik 2]
1:2 5 1:3, AT ERN AR 5 T HE ) F KRS AT

2.6 AFITR B L AL 4
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Table 2.6 Pretreatment condition of solid/liquid ratio

I L SRR (%) B

1 2:1 25 190 °C
2 1:1 5 190 °C
3 1:2 10 190 °C
4 1:3 15 190 °C

LR 2.7 o, BEERMA BN, SN YRFE KB, HEwt 1.2
I, YPRHAC S S KR Ik 0.75, JFANFEKB . i BHE & B [ b ARt e 1
TG IR, WRIEATAE Y & B B [ S KT R, R EE Y 13 I, R S
FRRIE (Y R R E I . HULR R, AR ER R AR BT A4 3 A5 M R B A TR A R 3 =
BTN, (LA EK AR R RS B 2, BRI TYIRIS/KERR, W TR W
SRR N, BRSPS G, S BEARHCR . S ERYRHE(R
5 (2%) FHIFL PRI RCR W3R 2.8 Fos . S &I GIHR AR EE D 121 i 2230
KAH. BEERMESR S, BT AR P iR, A AR BRI .

R 27 ARATREEHLTGEDE TSR

Table 2.7 Character of the pretreated corn stover which under different S/L ratio

'S [ 2 & glu(mg/g) xyl(mg/g)  fur(mg/g) HMF(mg/g)
1 0.499 4.92 40.74 8.11 2.32
2 0.364 39.42 118.86 15.74 5.11
3 0.250 140.29 48.31 22.68 11.78
4 0.225 10.66 1.49 159.96 132.50

K 2.8 ANFTRE W LA EYRIBE (b4 R~

Table 2.8 Saccharification result of the pretreated corn stover which under different S/L ratio

i 2% # 5 2006[H 5 5
glu(g/L) xyl(g/L) Yield glu(g/L)  xyl(g/L)  Yield
1 5.41 3.47 0.552 59.75 33.44 0.479
2 8.03 3.02 0.813 73.01 31.82 0.585
3 6.78 1.29 0.694 68.11 14.55 0.546
4 5.15 0.70 0.522 55.36 8.22 0.444

*[E| 5B 206 SO AE 100mL PRI HEAT: B B 200600 BT 5L ME R S N g AT . IR B A A
50°C, ph4.8, ik 150rpm. F#rF¥dE N 72h Wi R, B EN 15FPU/g DM. 1332 510 i %)



AT KFW 20005 31 7

(a) 421 —— 11 () 21 —e 11
80 -
35
70 A

~ :I\ 30 -

S, 60 )

~ 50 - ~ 25

) )

>

=] | X 15 -

& 30 n, =& &=
20 7 10 -../._.——.—’.\.
10 A 5 1

0 T T T T T 1 0 T T T T T 1
0 12 24 36 48 60 72 0 12 24 36 48 60 72
Time Chr) Time Chr)

B 29 AFRFRERLHEEWENEL () HEREMLE (b) AR
Fig. 2.9 Saccharification curve (a) glucose (b) xylose of the pretreated corn stover which under different
S/L ratio
N ZeA: ONTF BL MR N B AT, WIS HIAE 50 °C, pH4.8, #%3E 150 rpm, SN 72h, [
FH &/ 15FPU/g DM,

AR THR R L TRAL BRI RHE s [ S 2T (20%) MBEfLSs Ransk 2.8 5l 2.9 fir
o HIEIRTRL, BB AN (U HEAT, AR EEIZ D TN, T AR (R R I 22 1% .
A E GRS 298 5 BN, AP R, ROV R, T
[ < 484 2 5 S0P i B . 1 A% A% FAIOR BAIG, — T Pl AR B e 7 A ) P 0 A s 45
G AR PR, X A R B LE FAC B R B AL S, I 2.9 (a) RATE . 4]
BT RS [ L e s B2 e, X PR DN Ry FIUR R VLI Y B 5 4 iRy TIUAL B 0 2
S50 120 P 1 26 W 40 22 22 T AR I E AR AR P2 AR K, i 3 — D5 T, AR IR E 21
76 [ LR K A, X2 R AR M LB D) e B K 8 P PR B & B BN 2
TR B R FREAL D, A B3t U DR 7K A HH IR i iR T 2 1 SRR A A T
AR (3R 2.7 I B ) & ARORHE & &R M. B RERE B I 18] A AT, L
L1, mEEERESREG, JFHENRRE KR, HERILARST e A 2:1 53 3:1
I, BRI IE OB B I (IO HLULIN Y0RE e il KA, ARF S AR FAL By 1%
Tl /K HE B . PRI LE 1:1 Yol & AL B S M [ EE . £3 BT A5, TR [
WEE 1:1. BRBR T & 5% SOSIIRE 190 °C [ 3 3B g il B R FE AT Y A 2 2%
s AESESEAE A FREAF A AE ™, D9 T RIS R OB IA TS 3R IR
2.34  FBR AL B BORFEFTHEAL 25 AF IR R

K EIRTACEE S REAT IR T 2P 4E R MK R, H -2 175 20580 05 ACHE 1V &8
PR BB T s A IR A 1 B 22 Tels o 20 B FUA BRI A5 JEURE A 1) R 702
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BUIN: GRS E 41.4%, FLF 4555 5.51%, JiF 558 £ 05 & 3.9%, ABE 11.8%.
BEE/K RIS, B8R IR & &, B SR, pH. fiPEFeis . [N ER RE SR Z 0
PEAL I FR 2
2341 WEEE

——45TC H350C =--35TC-—--607C

Yield
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Time Chr)
Bl 2.10 ARG FE T B /K A g 1 4 0 A B i 5 i
Fig. 2.10 Effect of hydrolysis temperature on the saccharification of corn stover
NZAF: JERIEA S & (wiw) 5%, £F4E% F & 15FPU/gDM, J)vi 45-60 °C /KRR, pH 4.8,
#3454 150 rpm

Tt 7K AR, P 5o WA R0 SR R i 5 SR BN ] 2,10 P SCHRIR S, 27 45 35 Wl 0k ) il
T — MBI AL AE 50 °C 5 55 °C Z[A], SEERZ5G Wi WI4E 50°C &5 55°C I, i & ¥E 1)
A S AR PR A T AR . RS I W B TS, il 2.10 Y, MR
L F] 60°C IF, M 3 /NI JEEEAS B OCE EIE AR . B R RS RS E I, 4% 50 °C
VE R B A T s L P
2.3.4.2  BEACIE o KN E

B B 5%-15% 54 SN T 250ml B AT, [ 48h. 209% T 5L [ M A%
BEAT, M 72h (B 2.11) o JEEHIN 50 °C, pH i 4.8. BELEE K 2.11 5% 2.9
B o B AT LUE H, fEAHE RIS &N, BEREH E IS, MEmk AR itm,
2 H &L\ 15 FPU 41 & 20 FPU I, 6 ) Bl R AN K o X AT e RN IR W VR H
(IBGHEfl A s AT PR, TR R AT R I, OB PRS0 R T REE R T I o o 76 ] 5
REKET, SN AT, A 20000, TIBHT 3% R A R AL SN HRE S )R
K, BEENEEGER B, PR EE TR, KRRy & FE A S &S B0 R SAL BT
RIEK. K 2.9 FEHARKE B SIEHE SRR, I HMEER BT,
WEEARABANK, X R ACHE £ ZE R T T B I FE P AR e R I PR AR, AR 4R R TEXT
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(d) 20% solids loading
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Fig. 2.11 Effect of solids loading(a)5%, (b)10%, (c)15%, (d)20% and enzyme loading
Foft SR 2% SRR E 50 °C, pH 4.8, 5%-159% [ & &~ TR #EAT, 200%[ & & SR 3K S B
FRHEAT, %10 150 rpm
2.34.3 FEHRHHEALRCR AR

—©—100rpm ——150rpm —A—200rpm —&- 250rpm

70 -
60 ] v< 07
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o 40 - 2

3 04 >
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Bl 212 PR XA R AR
Fig. 2.12 Effect of agitation rate of the saccharification of corn stover
SRS I A R 15%, £F4ER R 7 FPUIGDM, KSIERE 50 °C, pH 4.8, FEALGES: P %
¥ 100-250 rpm

PR FE N BE AL SN RIS T L S B kAT, 8] 2.12 DA Rl RE A T
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EipEA R . BTN, BEE M 100 rpm #EEE 150 rpm, S NOE EEREZ R,
SN AT AR5 12 /N, B MR E e 2 e & . SR 3] 200 rpm B, KRB
AR A, (R AMRE S 150 rpm Z 74 K. FEEEL 250 rpm B, fEAL S ET
W e R, (HR S IR IR BB DL 200 rpm B —2, A BEAR FE AR KHE
JE ERGR T IR TR P 4E R 45 L IX AL S, Uk EA R E SR ET, AR
PRI AR AR RAR, Rl T8 (4 & e A RO LB 5 IR & 5 A% 38, AN itk
SRR FE, (R fERG R NG, BT RS S IX A 4t R su A W, AL~ P4 LA
SR Z 0 A AEZR TR, B e i I AN RS 45 WA FE 4k 21 15 K

2.3.4.4 ML pH AEXS AT BEAL BOCR B 5200
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=
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Fig. 2.13 Effect of pH value of saccharification of corn stover
RN AE: JRYIE RS 15%, F4EER IR 7 FPU/GDM, MR 50 °C, pH 4.2-5.5, FEfkE
P 9 150 rpm

SIS A I A 4 KB N RR TR AT 4k 1, e A DAL IR R & pH A 4.8, 1
pH 4.0 % 5.0 U W 7R AR EF B 103a M . AR TIEARIA R, AR RN E KERA
JT R S FRAL B A A, S X AR YL R M AR TO A A, T A AR AR 4E R g v M PR AIC
FEAF AR 1 pH A 2 520 A 22 7 AR5 2% B0 Ui B3 A 0 G HLBR ) W B P4l e
ST PR ERLAT T 73 L A0 1 0 X D PR PR UG 55 f AR v AL A 2 BT i Je
B pH A% RS FTREAL R R 45 SR an & 2.13 Frs, BRI, FEH L) pH TEEIA,
W& pH (BT, PRI R & E RIS, 7£ pH EN 4.8 I BRI KME, thas R5)E
IAE NIRRT AL, YIRS FTF AR R, BfER) pH E S5 4 4E R B 5E pH 3. @
K 213 ERTEH, fE pHE T, SHSLRIIEE PSR T 0.6 5 0.7 2, #i8
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Fig. 2.14 Effect of different reactor on the saccharification of corn stover

NS A SRS B 15%, £T4E % H & 7 FPU/g DM, SN 50 °C, pH 4.8, #3449 150 rpm

A SR as T IR AE R A 2.14 R, EANERBLEE A, 250 mL R 1K i
S SRR BRI AL 30 /DI R ZE 1S, AT DL AR N BN HEAL S B 2 S5 3R, A
R, 15901 [E A5 B QIR A EARIR, RS 2T 4E R MR & RORZ B0 . 1AL AT
WY S S DL T, T I P ORI P SN, X ULH, MR R S N AR BE A R R AR
RE R, WRAYERNE S BRI GRS, NnEMFRRD S ESHEHET, 6@
ARG, 5L 5 50 L Mids, KA & ARG E R B4 5 /M
Pigs, TMRAE PR EZNA K. KRNy, EHFERET, SRR, Bt
KR EGE LR, P AR RN 2, BB S ML R 51 DL A0 TN e
Rigso MSEEE R DU Y, X T 4ER B S AT AR, BEPES5 IR G2 R i 5
BONEZERIA =

* 2.9 K EIRBEACRAE N BB AL S RATIC S
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Table 2.9 Saccharification result at different hydrolysis condition

NO. [l&= W= (FPUGDM) i (°C)  pH1HE JSaNET S MifstE] Ch)  Yield of Glucose  Yield of Xylose  Yield of Total sugar

1 5% 15 45 4.8 250 mL 48 66.2 0.3 68.4 +6.8 66.8 +2.0
2 5% 15 50 4.8 250 mL 48 755%19 754 +238 755%21
3 5% 15 55 4.8 250 mL 48 72.3%0.1 76.3 55 73.3%15
4 5% 15 60 4.8 250 mL 48 40.4 =0.8 62.6 £4.5 46.3 x1.8
5 5% 7 50 4.8 250 mL 48 60.5+2.9 76.3 6.0 66.3 3.7
6 5% 10 50 4.8 250 mL 48 68.8 +0.4 75.4 6.7 70.6 £2.1
7 5% 20 50 4.8 250 mL 48 77.8 0.8 85.2 +7.8 79.7 2.7
8 10% 7 50 4.8 250 mL 48 523 %21 74.4+14 58.2 +1.9
9 10% 10 50 4.8 250 mL 48 62.3 0.3 73.3 8.0 66.5 2.4
10 10% 15 50 4.8 250 mL 48 70.6 2.3 78.0 0.1 72.6 x4.4
11 10% 20 50 4.8 250 mL 48 745 %10 83.2%21 76.7 3.2
12 15% 7 50 4.8 250 mL 48 47.4+0.8 71.2+2.2 53.8 +11.2
13 15% 10 50 4.8 250 mL 48 56.4 +1.1 69.0 +£5.6 59.7 16
14 15% 15 50 4.8 250 mL 48 65.6 +0.4 74.6 +6.6 68.0 +£2.0
15 15% 20 50 4.8 250 mL 48 66.9 0.9 76.7 6.1 69.5 +2.3
16 15% 7 50 4.5 5L 72 61.2+25 58.6 +0.2 61.0+1.9
17 15% 7 50 4.8 5L 72 64.0 +4.3 66.1 +7.4 65.1 +£5.2
18 15% 7 50 4.8 50 L 72 65.8 +2.4 64.8 +1.1 65.5+1.8
19 15% 7 50 5.2 5L 72 62.0 +0.3 59.0 +0.2 61.7 +0.2
20 15% 7 50 55 5L 72 60.7 +0.1 55.3+0.1 59.5+0.1
21 20% 7 50 4.8 5L 72 44.6 £3.0 67.0+2.1 47.1%26
22 20% 10 50 4.8 5L 72 50.7 10 66.0 +2.2 51.2+13
23 20% 15 50 4.8 5L 72 66.3 +2.2 71210 62.9 1.7
24 20% 20 50 4.8 5L 72 68.4 +3.8 73.6 £2.6 65.0 +£3.2




5 38 T HEEREREIT KPR

2.35 T2 ol Ik IR G IR A8 A L Bl pAS A JEURERRAS 70

RS BEA AT NS R K EEBPE R L — 0 50-70 o/ L ZeAq , BRI JEE AR TRAS /2
DB T2 uBe i, — i, 2000 7K AR BBEAT 4 v 0 R AT AR MR P2 Wi 2 A 7
AL ESR . ARG AR, VIR BB AT B T PRI a AR R A, 3 b
e i R FH i v e ] B I P R 1) 1 R A R R K R WA L, (E X
PR 2 T BURIA AR Z TG S RS A S B A I o DAL, 236525 B 4 A
BEAR S HPEL Bl A AR K AR LA 2N, AERE I RE T, ] R ] 5 e K g
BARNEL A, DORTTER MR A A . TG FREBRAS Z B R HREA 26 A o Lo
X RS B A A SRR A TR ) A ) BAT B 4 5 3

FEM SR SR, Wk B 1 SO 4 s e Ak SO IS (1077 A A B SR JEE Co

$>41.1%x.11+5>6.51%x.136+5>0.039+5>0.118 S
Co = 3 =679.1<—
(1-S)x0 1-S
EFRARS, 41.4% NA4EER S E, 551% 4R S8, 0.039 5 0.118 735N
ISR BN S AR S
S PR B (KB K ARV BRI EE 9 C, C = CoxY (Y SZIb R BEiSHE 73 %) .
N TR 2 ORI RO IR S, KR C RS FTKRR (RBUR V) R4
F 400 g/L MIFEIRGET (ARUR Vo), HFERETER: CxVi=4002,, ZHEEIREA
A SR E EAAL, HIE T AL T E, 2Kk MK I REFE A28 70 T,
153 V,=10° L B IIRGE AN : Costl= (V1-V2) <70 18\ V1, Vo, C, Co I, #5351

Costt = (V-V2)x70=("g-1) x70=(F5-1) x70= (7 % i5-1) <70

= (0589 %5 - 1)X70.

40040° U
133 10°L 400g/L BEWIIERACA : Cost2= 3 6791y 145

0.6791 AWkl sl & & | 145 N5 2 NS FPU/g. U AR & FPU/g
DM. P ANBEEANY JTlg), AhTaH Eomss

U
Cost2=4062.17 ><7><P

/5 3 s T 2 B} RS : =
) 10°L 400g/L WV 6 MU BAL TSR A Costa= 5 sy

PL T RAEFT N (HL 250 T/M1), P2 AT A A, TE/57T 4.3 Mpa i
RSS9 216 700, SIBIAE TR T2, (B B8V HOBURE 43 UL B
IRHRER, AR 1 REFE LM REAEIR 0.87 1, FIILAVCI S P2=216 X 0.87=188 Tt/
WREFT. P3 AVKBIGMAY, 2% 33 TLMEREFF. FRAAL IR

XP1+P2+P3)
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277.4
Cost3= —Y
M A Cost=Cost1+Cost2+Cost3
_ 1-S U __ 2174
—(0589 xﬁ - 1) %70 +4062.17 XY P + —Y °

DAL, A Cost k4 il As Costl B/l As Cost2. F Bk Cost3 =% Z il
EFN AR E] 1m®. 400g/L (400 kg ) FIUBEHRAE T TR BN IR GE . B W0k
A Z . BRI TIRYE S & S, AR U, B P HLER Y K%L, Cost =
f(S, U, P, V).

R 210 A FRE R E LB

Table 2.10 Definition and unit of the variable during the cost analysis

5 7E X L)
Cost  Costl. Cost2. Cost3 Z Al Yuan
Costl  10%L 400 g/L ¥4 A Yuan
Cost2  10°L 400 g/L HE s A Yuan
Cost3  10°L 400 g/L ¥ERFEFT R A Yuan
Co R HEIR g/L
C SRR HEAR /L

S WEURSIEHSR
YRR

Vi BEORAEHTATR L

Vo BEIRGEERE (BUEN 100 L

P TR BT Yuan/g
U AR N FPU/g DM

HE S0 Bl , 5 S2PRZ) 3R (P2 0.01-0.05 Yuan/g, U: 7-20 FPU/g DM, S: 5-20%)
P B 5 i Cost:

(a) P=0.01Yuan/g
=—7FPU —i—10FPU 15FPU === 20FPU

Al

Cost (Yuan)
|_\
a1
o
o

500 -

5% 10% 15% 20%
Solid concentration
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(b) P=0.015 Yuan/g
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Fig. 2.15 Cost of the hydrolysate under different hydrolysis condition and enzyme price
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WK 2.9 B A R PSSR Y SR BEH 2 UL RE S & S AN
AR, R P 0.01-0.050 HILI R T 1HE & AFEAL & AR T 15 20 W48 i oA
Cost, HATHEARME 2.15 fion. HEWES, SBERM—ERN, £—EFgE
T, MEEBEHERR S, SRR G, UTINOKEE R R I RER TR E S B
[y 48 B B ARAS J2 DAORAME N BB RRAS , 3 0 7] 150 BH i R A o A A L B LUk 4 A
FrGthE K. fE—EMHETN, BARREERE S &R R RE TS, X ENE S
NS BORA A K, [ 25 w5 B AR RN MG K T BERCA, R4 P=0.01
i, fE7FPUBEHIE T, [E&EN 15%F, BALIHRICE, H 1410 .

HEYIE S BN 15%, BEHE N7 FPU/g DM I, A EIRACE, K S=15%.
U=7 FRANEARTHR A A5

P 511
Cost= 28435><7+T -70.

UBI, As Cost R 5EGHMNY P AR Y AHOC, R4 2.9 thdldls, 7ELthEfL
[l B B T, SRR I B 2 S S #5152 IHE AT B B2 151 28 65%, AT (S 75k
A H 1410 JoFEACE 1152 Jo. H Excel HAFEHIZITHE Cost KT P 5 Y iyl &, 40
Kl 2.16 s, HH AT 43 oA bt A SR A TR i e BB A 22 00 R I SRR K . el BTG ]
AE H, SRR REANNT, OB B NS B BN U, FER R SEm iy, A
REONPSE, ULIIRES R M A B T AR BE RN S R s oA Bk B IR AT 4,
HRA B HIET UL, FERRMLALE 0.7 UL, BENHSIE 0.02 LAR.
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Fig. 2.16 Surface of the Cost against P and Y
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2.3.6 FEATHEBUINE MR A 2 ulE

FEAF R N SR R r W LA TR A B SRS, WM E AR R T & HFS
FHE SRR VR G ST, ZEAFEH TE &R (60-70%). AHE (20-30%)-.
BTRAAME . FLMESR SRR AR R, &AM, fEtEer, AV TEASREA
88% LA | o 7E SIS I AR, K AN [F)RE i B2 R RE F TR A 4 v FH T e AL 2 | B 22 O I
DA B VR o IR, 5 SR R FE X SRR 45 S sgmm, BV BRG] Sk 4 . S
N IIRAE L 2.2.2.6 T517, INERMENFAN: \E: 230 T, K71: 11 Mpa.
#E3H: 10000 rpm. BF[E]: 120 min. FCRL@BEIREE: 350 g/L. S AEMARL: 500 mL.
TBgE . 7 o/t AT NN 200 g. SEEGSE RN 2.11 5% 2.12.

211 AR ERSIRRATR

Table 2.11  Average hydrogenolysis yield of corn stover sugar which were purified at different degree

JR LAY N R ENg S A= A
B A S REAT R 47.88% 79.59% 60.22%
TG PR T . €2 )5 RS A 39.75% 78.02% 50.88%
ARt T 28.06% 62.65% 44.73%
HEE GFHED 49.54% 81.20% 61.02%

REATRE ARSI R Sk 22 YRR B PR W JIEEAT 1 7504, o) ¥4 22 350
o/L, & 2.11 HAYJEURE A [RDAS il B BURI RS AT BE TRk e e it AT S s . ik
211 A, B TACHUE RIRERTAE, RO s, TN IICR ke ool SRR 5
) OO R ORI, AT L RS AT B S N SOR B 22 o 88 1 S i O RS A £ 1A
TRER R R, 1KF) 60%, X REAHIE.

HI3% 2,12 AT, 8 A2 4 IO RS A TR S ML A, 25 LR T iR SCR AR AR,
VLA IR TR A KRR o i €5 AR FTAE B S SCRAT I B B, A2 i) 25 A 56
Pl s FURRE, Tl S I A i S 4L 0380 BT, I HARAE ) 258 =4t ik,
A R AR SRR O A 36%, X Ul ML 0 O RS AT W] (8 LTI 1 T B, /5t
MEALTIBEATISAL, D7 ek ] . RICURSARE N BOR B2, Nl 4R
SRR TR, 7 EEON AT RS, A S PE AL £
2[R

LREAR 211 AR 212, FATHEACIAN I ER A AL BN, SR S SIS (R 7 1
FICR AR (0 28%), FASFRBIZ D AT, BRE TR ECD R, IR
R BWCREEZE DRI, WA R S Il A o L R BRI AN R RS B,
RRFRCR HAH AR ICM R 2R . U7, ASATRE RS HIREEEINGR R TE
RIEA IR, PRI, A S WD A AT PR A TP AR SR S &35 25 RE R RS AT
BER AT, FEHIRATATYE, AN BB 7 B R RN S RESE , LA R A5 S A
ENIAT
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Table 2.11  Batch hydrogenolysis result of corn stover sugar which were purified at different degree
Hevk JOREE 12- 8 L3-WN R 2Tl W =R FM TR LEREE 2k AR WOE ke [SE]
gt (g/L) (9/L) (/L) (gL (9/L) (9/L) (9lL) (@) (9lb) g padae

1 o 93.2 76.1 46.3 22.2 24.3 22.9 0.8 8.8 5.4 48.37% 75.53% 64.04%
2 %%ﬁi 94.4 66.0 45.8 22.9 25.4 49.4 0.8 8.7 5.8 45.82% 80.51% 56.91%
3 %ﬁgn 93.9 61.7 42.0 28.1 27.0 52.8 19 12.1 6.6 44.46% 79.79% 55.72%
4 91.3 76.7 46.0 22.6 34.0 38.1 2.7 10.6 6.3 47.99% 82.51% 58.16%
1 VE MR 91.3 64.8 42.5 16.7 36.6 39.9 5.6 13.6 9.7 44.61% 80.20% 55.62%
2 RSN 89.2 46.5 42.7 155 34.6 55.2 2.5 16.0 11.2 38.76% 77.33% 50.12%
3 TEATHE 83.0 42.6 399  17.0 34.6 59.3 84 152 111  3589%  76.53%  46.90%
1 =i € 57.4 48.2 22.3 11.7 15.8 75.8 43 184 8.8 30.16% 63.94% 47.17%
2 T W 40.2 50.6 14.2 3.9 12.9 91.9 4.9 23.0 9.6 25.95% 61.36% 42.29%
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24 AENG

(1) F7KIBBR 7 RS A RO RS FT 2K 53, FEFF o K A RS FHIR T K G
EHME, BEEEVEREEINGR, FEFTEGEIE TR . XS R T 1 2 R R AT
TACER A 2R R, RN TR I R RS AT pH (BRI,  TRALER F2 7= A= i
B2 MBS RS Z . AN ETE SRR R ) B ER RS AT F T ARG ORAN R IR
WAL SRR, FEAATEE I LA 2R 2 B A TR P AR FE IR G K, Xt AT 47 4
G 2 AR BRI () 7K P b Ut BA RS AT 2K 3 ) 25 B B T 38 KRR IR T A 348 1) o

(238 sk 25 52 T Ach T F5F YU 31 0 L B Tt 1 P 0 S 308 A A T Ach B A0SR P g
RBTORER LG 1:1. BRERF & 5% MIRE 190 °C. [ 3 38l NI FOKFEFT 4R
PERITRALFE 261 o R L AR ST 28 2:1 B 301 Wb, W45 25 e ot oA i i I
H B YR BRI M ANIE & 5 22 T2

(N FTRAL R S FEFT T B A AT, 2 %2 s I 5% At R e 0 SR P s i, 5 SRR B
AR SEIG AR R P RGE A B R YR E N 50 °Cs N pH XREIL I N ESIAN K, 7 4.2-5.8
O A B IR RSP TR R IR S R SO 2, A 150 rpm $25ZE 200
rpm BF, SR AT 4E%E 12 /NEF, (H B A IBEISCR AR ZE AR SR IR 3 S B REA 4K
fRIRL SRERIR A N, 7E 15%0E &N, TR IR R B AR R K fR AR 2 65%
TR A 53%. BT IRATRA . BERA . YIRS 4T, 15 B L T-FE
A (S, U, P, YO TR A, 18T %A U5 2 A ARET BRI & 59 15%.
B {fi &4 7 FPU/g DM, {EEE N9 0.01 Jolg I, % =T pA 2 %) 1152 Tt

(4) 43 5K AS DR AR BE B RS AT FH T ISR HI L 2 Jole, 45 R, REFRE{L
WA IIATAT R AL BRI, A S S TR BRI SCRIRAG (DN 28%), K FEFTHE
WL AT G . R TESRECEIR, N BCR S MR SR T, i
BPER A 48%. T InEE R 60%, M R (A UGB E A b R SR AN
W E, BARRMR S AR AL EER .
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BIEF ASHHERIELEBENTHEREBRATN

31 ME5HE

311 JFk 5
ARFEPERIE T P T R AN T BRI A IR A 7], 248 U NI 2 0.5
cm IR 57 )5, 105 °C T 2 BHRAT o AR T-VT 05044 ¥ 1 17 BRI 2E M B
HAAMRAT, AR LI R 2R 12 5 [ A5 , 105 °C NHET 5 % EHE 17
RE TR 5T ARZWE K E 255 R 3.1,
£31 KEEESAKERHSNE

Table 3.1 Composition analysis of cassava residues and cassava powder

Compositions Cassava residues after ethanol Cassava powder (%, wiw)

production (%, w/w)

Neutral detergent composition* 36.84+0.25 88.16+0.38
Cellulose 22.34+1.04 4.67x0.25
Hemicellulose 16.73+0.30 4.09£0.20
Lignin and ash 24.07+£0.94 3.07£0.49
Starch 1.89+0.67 75.4440.11

7E: * Neutral detergent composition =1- (Neutral Detergent Fiber, NDF), including starch.

S5 Hh B FH PR B A I )30 ST A B R HE B A IR A =] CRr MDD o el YE A W
1B HTAA (Lot number 7201455498), Hfi% N 22,000 U/mL; BE{LEE Y GA-L NEW(Lot
number 7201417190), E§i5 >/ 100,000 U/mL; £f-4E Kl A Accellerase 1000, £F4E % i
DEAR T N AF 4 WEBE R TS 73 1 4 55.0 FPU/mL A1 152.0 1U/mL.
312 S
3121 KEFREM LA

LIRS 2 B, LB KM IR RN SR e AR v .
3.1.2.2  REPREM IR TRAL I K [F) D B4k £ K

JIEFES 2 &, KRR O AR
3.1.23 ARERZENFRDIEH S54RSS QB

KER W OB R A=A B, RIA . TREGEMEA DB 5 R BE . B AR
EMIAKZE AR EEN 26.7% (ww), BT 5 LIEwHFE RN EEH, L 22 U/gDM
f R NN R IE R RAL B, 90 oC. 150 rpm HIZ&AE T WAk 3 he WRALSS R G B &
55°C, L 100 U/gDM [PIE & N AMEALEE (IR DL 15 FPU/g 45 4E 2 1 B & In O\ £ 2
M), 150 rpm THEEME 0.5 ho TRERMESS A5 PR 22 37 °C, JFLL 10% (wiw) R
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BIEANSG YPD £577 50510 16 h BERER Bl JFARRIP R R T . AR E CBE A4
PR FE, B 5M [ NaOH %4 & pH A 5.0, Jf @I EURE, 13000 rpm &0 5 min J5,
¥ E3EWT HPLC #4790 #r .
3.1.3 ik
3.1.31 Wi RELERA4EREITE

XA R B A ALK CBER = Fh 07k, HIE R BN AT 4k R B 1 )50k h £ 4
R AN O EA T2, AR RART S HEIRoR, Fiknred
T I LU AT SR N SR I LB AR K /SR B AR =Rl iR IR 51 . FRATTH
BT R LB T TR AT 4 RS C SRVEM 7V, CEBRR, UirAfS RIM &
LR RS S, AP HEAN RS . PR B LT R A4 R S U W R

Cc= YUe
TY>0.511

Hr: C, HAiECEETRA4ERE, FPU /g L8,

Y, LEE1SER,

Ue, #F4ERERHE, FPUIg 44E%.
3132 R LEARZWEM

VERY S BT 1L S o AT A R YR SE IR T 1% LAP-0161%°, T4 5 AT 4k
FIHT R ANKON 724 7 21 4 25 /0743 B A2 e 4% SR P ¥ R 9 7520187, Bt il o
PEVEERR . BRIEVEGRA) . T2% AR BRAR (R AL BERE 5, A FH 22 BV A5 P PR TR 2T 4
(Neutral Detergent Fiber, NDF). BRPEVEELF4E (Acid Detergent Fiber, ADF) Flr
FRMEBE AR iR (Acid Detergent Lignin, ADL) 435, HRIEAR: F4 4k
=NDF-ADF*NDF. £[- 4 Z=ADF*NDF-ADF*NDF*ADL 13 B| 4 4 & 5 R A4 K& &

PRI FNE : MDY 2 48 (Na,EDTA) 18.61 g/L, /K VU B AR 4
(NazB4O7 10H,0) 6.81 g/L, + e fEmilReN 30 g/L, & —F# LM 10 mL/L, JosKik
FRE 8N 4.659/L, JL/KIEBEERSN 10g/L, o-UEFr M 34800 U/L.

PR P VRV AR : K175 It = H R AL (CTABD W ET 0.5 mol/L B R 1AW H
CTAB M 20 gL
3133 M{FEIIHE

[F28 2 B EARZ R K FP R R S SRR AR 4 R 5 280, [Eth R INAT 4
B 1 S0 A 5 AN VN N A 4 2% PR 0T R 2 e 2% SRR B ) 2 4E

32 AR5

3.21 AKREWNERERFEDREN S KA L8
TERZINR OB E il ieh, REEZS &ERAR. Sinieh BB
TER AL B IR R AP R B S 1 2 A3, B 2445 31 IR BV rh 21 A RN S5 44 ]
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RO B sE IR, HAerExigiamnae h o/, mH, ERMAARE
BT QB T2 W R i . BEtEfomit. Hr, [F2PRELS K (SSF)
TEREMFACR A R A QR R R T 2. (BEFDIML 5 K OEER
RERE R T 2T 42 RO I AR AN I B AT ) R i S AN pH B (3331 79 45-55°C \pH 4.5-5.0
A1 30-37°C. pH5.0-6.0) #BA PR, 1 HL4ER BT SSF IR NIRE D ER, &
Tk, FAVER FHARZE BT SSF I, B 2eH 5 T IR pH EX AR K
FEPERERISZMT (W3R 3.2). N VRIS CBRKRIE, FRZEE & TP A, kA
FESIG R AT T v [ A S BRI R B L2

SMTER 3.2 ATA, 4R EEN 30 °C A1 37 °C I, ZEEFRE4r BN 43.8%F1 46.6%,
1M1 24 (R RS R R B Bk SRR iy, FE R BEA EANREIE R K. 1E 37 °C
FUN, BETAFER pH MARZEE F PR 5 R BRI 1R 3.2 s, (%%
) pH JEEIPY, &R AEA] QI AR P R 2 AR, A ) SRR P A
L. XHEHKRIRAIR, EFRPREL SRS, ARSI N KM 2
T HESE A RE R BEAI T, X 1 B RS R AR BR A R 3R R AT R 3K RSR AR, R
I T AR A IR e R, R PR RE R . KR P AT 4E R IR &
910 FPU/g DM, #H24T 45 FPU/g cellulose, £ ik i ) 21 2 2l A FH B 1 /K s
PIORAK, GRERIG REEH 2 C IR KE N, B, A0 B0 AR A 34T v o O Tl
IR e AR A T A e R A AL R AN L BEAT 2
%32 AARMSEHREFLIEAEERE 30% (ww) BESERDSRELS REBEHEH (2

BE; (b) pHIE

Table. 3.2  Effect of different fermentation parameters on ethanol fermentation from cassava residues at

30% (w/w) solids loading (a) temperature (b) pH value

SSF conditions Final ethanol Ethanol
Ethanol yield (%)
pH Temperature(°C) concentration (g/L) productivity(g/L/h)
5.0 30 22.7+1.11 43.8+2.10 0.315
45 37 24.1+1.34 46.6+254 0.335
5.0 37 24.1+0.89 46.6+1.69 0.335
5.5 37 22.94+1.10 44.24+2.08 0.318

Experimental condition: 30% solids loading, presaccharification was at 50 °C, for 8 h, with cellulase
dosage of 10 FPU/g DM; SSF was at 30 °C and 37 °C, with pH value of 4.0, 4.5, 5.0 respectively, and
with agitation rate of 150 r/min for 72 h.
3.2.2 ARENAEM R WAL S W 2D RS LR K

T v R A R TRAL BE A — O AN MRS AT AR A R B 3532, R DL BE
FEANTC P K HRBOM AR BN 2 IR o ACSES: 2 BB SEHUR IR EE ORZVE A+ [



W48 T HERT KFW A0

S ERER F 2 O TR BRI F & S R B = AN TRACEE 4P R Nl 4T R
TP, YEREFEIEZE 1.1 DURE, BUCEREPREE/KETIA 69.1%, A&
A I S A R FD L S R R, RULTEREIR o 221 AT, AR
FH B AR X PAC R (52 m, W3 3.3, oM 3.3 Al 4, AHLL ARG TiAH A2
W (Wi fo A AL AL R AR 73008 42.9%F1 5.6%), TRALIE 5 4F4E & AN
e 22 2K ) Ak B v AT LIk 31 63.59%( 190 °C, 1.5%H R & 4614 ) AT 26.9%( 190 °C,
2.5 M BRI FE 25 A T ) o[BS, FERRIR IR FH B AH R B 460 T, Bl T4 300 R P 348 o
YR A PTG, A4 R R S N R, (R T IR 4
BV — RS IR B R A 1 N, FE A BRI B AR R I DL T, Tl A B Ak 58 I 388
YR ALY R AR K, TR FR N S R0 . 2R GBI B
B AgE R PRI . S0 BV B DL R B BE B S 0 R 52 P, 400 )
PIMFEAE 0.5 mg/lg DM CFHIKL DU B B FRATRLEE T IS, T WAL 2 A FE L
B, A A R A e A Y R A e B AL B SRR, (Rt E 160 °C,
0.5% i B 5 THAL 3 J5 AR R, AN BBk AT m R & B R L 5 O BER
M.
R 33 AEWALEZMTAREEAEIFELER

Table 3.3 Effect of pretreatment conditions on enzymatic hydrolysis of cassava residues

Pretreatment conditions Conversion yield (%) Inhibitions(mg/g DM)
Experiment
Sulfuric acid Temperature
Number Glucose Xylose Furfural
(%, wiw) (’C)

control 0 - 42.94.4 5.6140.4 Not detected
1 0.5 140 59.740.5 10.740.2 0.18240.058
2 0.5 160 61.3+.5 13.840.7 0.38140.196
3 0.5 190 61.94+.7 19.340.7 0.808+0.002
4 15 140 57.543.7 9.640.1 0.165+0.019
5 15 160 58.440.1 14.0#1.0 0.46240.827
6 15 190 63.541.2 23.540.9 1.6640.377
7 2.5 140 56.241.2 12.940.2 0.23020.098
8 2.5 160 58.240.4 17.740.1 0.64040.050
9 2.5 190 63.282.4 26.942.0 2.07740.168

Pretreatment condition: presoaking ratio of Solid to liquid was 2:1, Sulfuric acid (w/w) was 0.5%-2.5%,
Temperature was 140 °C-190 °C, and reacted for 3 min ; Hydrolytic condition: 5% solids loading, with
cellulase dosage of 10 FPU/g DM , pH 4.8 citrate buffer, in 50 °C shaking bath with agitation rate of 150

r/min , non-pretreated cassava residue was used as control.
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¥ 160 °C, 0.5%MMRIK . TR MR EL A 2:1 264 T T IS AR B, A&
i B ELAEHEAT 30% [ 1A & S K R AP ML 5 Ol 9, AR NEE 3.4 P, THlEME 8 h
JEENYIML S5 IERER, ITIRBEAT R RS K . B NIBERER S 40 h N, i %1 B
B ERABAA, R SRR AR AT R, AERXACIA 40 h BISFE N, BEEEAD 5-
Ft F R BRI 12 M A IR BE R AR B UMK EE (18 .10 MEH 48 h JT4R, 44K 2R 1 6 1 B
W FE SRR, FEBEAE SRR FE RIS AR . KI5 96 h, 14 FR 3 & K FEFR AR 2.93
g/lL, R CEEREEIAE] 26.8 /L, ARZE P LRSS E N 52.1% (R 3.4). ELAT
W, AR B FAL AR v A R R E A S AR R A T Ry R A
HOFRAE S, AT R ORI 0 e B I aed 2 PO S i 8

R34 TESAREER 30% (wiw)E k& 54 T RIFEPES kKB

Table 3.4 Simultaneous saccharification and ethanol fermentation performance of cassava residues after

pretreatment at 30% (w/w) solids loading

Final ethanol Ethanol yield of Ethanol
concentration (g/L)  Cellulose(%) productivity(g/L/h)
CEFR 24.1+0.89 46.61+1.69 0.318
Pretreated CEFR 26.8+0.63 52.1+1.19 0.280

Experimental condition: 30% solids loading, presaccharification was at 50 °C, for 8 h, with cellulase
dosage of 10 FPU/g DM ; SSF was at 30 °C, with pH value of 5.0, agitation rate of 150 r/min,

fermentation time of pretreated and non-pretreated feedstock was 72 h and 96 h respectively.

6.0 7 - Acetic acid —e— HMF —a— Furfural ;O'7
50 - ;06
) L 05 =
I 40 - : 2
= 1 r é
2 a0 ] Sl
S ] 503 S
3 ) AR
< 20 1 S =
] r 0.2 Lf
10 - o1
0.0 - 0.0

0 12 24 36 48 60 72 84 96
Time (hour)

B 3.1 FAEEAEILA 30% (wiw) BEi&EF4T K RPN S REIE hH Y3/ ik
Fig. 3.1 Inhibitors variation of the simultaneous saccharification and ethanol fermentation performance

of cassava residues after pretreatment at 30% (w/w) solids loading
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323 AREHRENFEILIER S 4R LR

RERSHMYEIRAE R, RKIEARZUERE, wCUR R D0 GE 8 bR AN £F
YL lly, (ERFHVEMBEA T CRERF, AT 4 3R B A5 B (6 B A 7 S, DA
e KR R B AT CRE = AR Z 255 R

S LR R AL 77 O RER I FE R, IS INAF4E 3B S X OB R VR RE RIS, 4
FILKE 3.2 &3 3.5, T 3.2 &3 3.5 WA, SRR BRI R BT FEA L,
DA 15 FPU/g A 4E = B A0 N ZF 4E KBS, 20 B 00 TH FE R 220 B AIK, IX AT R 2 1A
N SSF I FEREA A MR, R HA R BB L O REPR AN I R o TN AT 4E R
G, BT ARZE R YE R B A B ETRE, BT DU TR A LRI N A1 4 Rl I S2 8
RS, JFHBRE OREREN 106.959/L, AININLF4E RIS 2H N 101.51g/L. 7E
REM KBRS, M KBRS B B AR ZTE E Y S B LLE o 8.04%, [Hl{4
ek & AU 1.89%, X ARTER — MR T BHERI ek B sy, IRMERE 584
B fift o AR IBEIR 02 R R VEBn 58 A AR T, B4 ) GBI R Be i in 1.07 g/l KA.
RN T AR BESLIR A, R4 CRRREE XTI 2t 5.50/L, %70 80%LA E1H
TR R TA4ERMEM. mH, mTEF4ERBERKME S 2 B-1,4 T, X
TR o-1,4 FEFFEE, FRARTEM AR R (P4 RED MER FIRIREEE IR,
TSN 24 2R 1Y) S 06 4L P T 1 1 () 2 0 70 SR 1 T AR 8 21 24 3% oA P 0 26 0
%,

120 -
_ 100 ~
=
2
o 80 A
s
< Glucose Ethanol
(]
- 60
S —O— Conctrol —e— Conctrol
2 40 - —O— Cellulase —@— Cellulase
8
=)
O]
20 -
0 T T T T T T T T T T T K\D_I‘Cﬁl T
0 8 16 24 32 40 48 56 64 72

Time (hour)

B 3.2 WIMAEREENAREERRE &SRR FPR S KBERR
Fig. 3.2 Simultaneous saccharification and ethanol fermentation performance of cassava powder with
and without cellulase supplementation at 30% (w/w) solids loading

Experimental condition: 26.7% solids loading, liquefaction was at 90 °C, for 3 h, with amylase dosage of
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22 U/g DM, saccharification was at 55 °C, for 0.5 h with glucoamylase dosage of 100 U/g DM (or with
cellulase dosage of 15 FPU/g cellulose simultaneously) ,SSF was at 37 °C, pH 5.0, agitation rate 150

r/min.

35 WMAERBNAZERREE A SERERPELS KRB H
Table 3.5 Simultaneous saccharification and ethanol fermentation performance of cassava powder with

and without cellulase supplementation at 30% (w/w) solids loading

Final ethanol Ethanol Yield of Ethanol
concentration(g/L) cellulose(%) productivity(g/L/h)
Without cellulase 101.524+1.60 0 141
With cellulase 106.95+2.32 56.30+2.58 1.49

324 REWEA!” LBEITIEN T EXE

Xof b = ARG LR Y KA BRI, A7 LR B OB T R AR Y R S R
3.60 XL HEE A, HHARZAEE N EREAT B S AR S & SSF, BT AR A 4E R
B 70 KT AR ZE Vb N EURHIEAT I SSF T2, I H 2 /S R WA A B K T X
RN AA S g Jskt, 2T 4E B A8 FH R ARG, REBNE R B KRR G ER
Ei BB . AR AR SR (30%) TSGR, XH G
YRR RIEE IR, X T RN KR EWAYEREG, I iE A = 507 i & 2
BT 5 B BRE = o BUPR AR 7%, BIORSE A4 200 ) BRI SRR, DAROR
B TS RS R EE, AT 4ERBERAA 13602, 11659 Jo/il /.1,
FCYRTIAEL BN A% 6500 To/MTTE, LT 4E BRI A &I 7 i RS,
A H &SR BRI ATAT

B =PI RE R R T R e R 5 A 4 AL DL SR R, 54
B AR M R B IR e — XIAE TN 1 /D B AP YERBRRAR . AR B A I T X
SEAERNINAT 5GBSR RC, AR5 5 PEACEE R B A I 2GS AR e Ml 28 o, H
BN R E R FEANTT CLZBE AT s WA 4 2B )5 10 O RE R TR E S AN IR AT 4 =
AP AR R A DX, R 5 R A R P RSR[5 AR 9 el T [ B v gk 2>
EERE R E A PSSP, TR SRR FE R = (LA EFERER) 2%) SEURETE
REFEE ISIE N, (H b5 280 3 2 0 A IR AN 2 iRy ZE A v LA AN T, fEAREE
W KSR I 4E =, R R HVE IS S A4 208, TS AR Z R
SRR — CREZFCVEFERNE HONIRIR, Ao EEA4E 2R, Frilnl DIZE
BARMIBEH & T R AR CBRE . A RN (LU R A R 4R
IS : 145%10° FPU/kg B, 4% 10 Jo/kg) FIAGA /= AR R A 4E 2 20 () T3
T 2 K Bl %Ay 3589 TG, 1k 2. 6500 Jo/ME HIA RS 115, I R R 2 4 4
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KA A WATIE S A
K36 ARAAELHEZHETEN

Table 3.6 Comparison of the different process of cassava cellulose ethanol

Process of cassava cellulose Cellulase demand per unit
Ethanol yield of Cellulase usage
ethanol production cellulose ethanol
cellulose(%) (FPU/gcellose)
(FPU/gEthanol)
SSFof cassava residue 44.6 45 197.3
SSF of pretreated cassava
52.1 45 169.1
residue
SSF with cellulase of cassava
56.3 15 52.1

powder

33 EE/NG

REHI LRGP AR KT QR =R R T, IR A4 = B8 0 H
B RA KT AT VPG o ZRRY], X =R e M AR L R ey o, o
DA R W i 8 O JEUR) B (B AR B 5 D T [ & B R P R 5 R A 7 L
UERMINER, I HOWEAERMI, &SRB KT s, 5 s
EARAWAT . 50, UORER N ERE, AR Ll A T R AL S R B
ki ST ER BRIk, REBAYE LR e, KBS AN 1 LB Z M 101.5 g/L
$Er®) 107.0 o/lL, ZYERBENA DY 3589 Ju/Mi 4% . LRGEHJEARE YR LB~ T
SR RN HE R BRI A, AEARE Ll A i Re (RN A B ooy B AN 2 4 2
A OB TT AR OB BONE T AT IR B L YR SR ieA 7 2
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BA4E ZiL5RE

4.1 45w

ARSCRE X P AN [ SR R A JoR 21 448 23R A0 o AN b S R A P REAT T AW AL
FC, ISR T DM NIRRT S B SE, PATOKRREAT N IERE, 5L 1 TOKRR AT & T
IR R AR L RF IR ) e ] 5 B S N X RS AP REAT 2T 4l B AR . el
BB B TETERR L BT A R ARG AT REATRE . REATREAE T ARG
SHEAGTHERTY, fm a0 g & EYE TR RE . 2k, IREHR=S
HILFAER AL X B, INETHE R Bl A A EVEAl 1 = FPA AR 2T gl 3 A 0 R e b
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