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Multiple Recycling of Cellulose Ethanol Fermentation Wastewater in

Biorefinery Pretreatment Process

Abstract

The production of cellulose fuel ethanol from lignocellulosic biomass feedstock will
produce a large amount of high COD fermentation wastewater. Wastewater treatment process
is complicated and expensive. Different from corn ethanol, cellulosic ethanol factory are
generally built in rural areas where are close to raw materials due to the limitation of the raw
material collection radius. Rural areas have weak infrastructure. The technical characteristics
of high wastewater discharge make it difficult for the cellulosic ethanol industry to expand on
a large scale. In order to find a practical way to discharge cellulose ethanol wastewater, this
paper attempts to recycle cellulose ethanol fermentation wastewater to the pretreatment stage
of biorefinery. Cellulose ethanol fermentation wastewater is used to configure the dilute acid
catalyst of pretreatment. Study the feasibility of wastewater recycling.

The first part of this paper study the feasibility of directly recycling cellulose ethanol
fermentation wastewater to the pretreatment stage of biorefinery. The cellulose ethanol
fermentation wastewater is used directly in the pretreatment step of the next round of
biorefinery process, and it is recycled repeatedly in this way. After two rounds of recycling, it
was found that the production of cellulose ethanol decrease with the increase in the number of
direct use of fermentation wastewater, the magnitude of which was that the ethanol production
after each reuse was about 5 % lower than the previous one. The reason why the decrease in the
ethanol production for the direct recycling of fermentation wastewater was found. It was found
that the concentration of metal salt ions in the fermentation wastewater was rapidly enriched
with the number of direct cycles, resulting in ethanol fermentation efficiency and the gradual
decline in production.

In the second part of this paper, an improved experiment was conducted on the recycling
of ethanol fermentation wastewater. Before each cycle, the fermentation wastewater was
evaporated and condensed to remove metal salt ions in the wastewater. Distilled water was used
in the next round of pretreatment step. The fermentation results of wastewater reuse showed
that the ethanol concentration in the three cycles of wastewater reuse was 76.42 g/L, 76.61 g/L,
and 75.82 g/L, respectively close to the ethanol concentration of normal biorefinery (77.85
g/L) . Wastewater reuse to produce ethanol can proceed normally. For every 1 t of wheat straw
biorefinery, the amount of fresh water used is reduced from 2.868 t to 0.423 t. The reuse of

wastewater reduces the use of fresh water. This solution is extremely effective in solving the
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problem of rapid enrichment of metal salt ions in the reuse of fermentation wastewater. The
biological refining efficiency is effectively guaranteed, but the steam energy consumption is
huge. The rationality is based on the uniqueness of lignocellulose biological refining process.
After cellulose ethanol rectification, solid-liquid separation will produce a large amount of
lignin residue with high calorific value. The heat is enough to provide energy for the
evaporation and condensation of fermentation wastewater, and 60 % of the lignin residue
remains after heat production.

In summary, this paper successfully recycles the cellulose ethanol fermentation wastewater
in the biorefinery pretreatment process. The ethanol production after each reuse is very close to
the normal biorefinery ethanol production. The recycling of cellulose ethanol wastewater
effectively reduces the production cost of ethanol and provides a reasonable and effective

solution for the treatment of cellulose ethanol wastewater.

Key words: Lignocellulose; Cellulose ethanol; Wastewater; Dry acid pretreatment; Metal salt

ion
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LK At T E RN o BRTAL B Z AT T 4E 2K L Tl b i A A T AL B
RZ—, FHXMEARGE 4R O R4 16t Rk, HEsREa™E
HEZRIK. YR CRR/K AT S COD. & BOD. m#h B 1 @AW . B4k,
PRAK I 54 VE 2 AR B SRR 3 fige = 7829600,
(1) # COD. BOD

FEIAR B A O RRRL SR IR KRR 2R, P43 S K & A IR m AL 7 7 A
(chemical oxygen demand, COD) FEAML T & (biological oxygen demand, BOD) .
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BT AR A4 2R R R R AR (i FoRFEF . AN, BB DIAEHAR T
W25, P43 ZBEK K COD Al BOD EUE & H A FE. @&k, ©41COoD &
B RLAITE 15.53~98 mg/L 2 [A], BOD K & KZITE 12.8~27.6 mg/L  [H](61.62],
(2 mANEE

PFKHILE & ZMEI: (D £ LRERBESRE T AREIR (K. LK.
HR. TR A SRR K, BT DI AR (2) fETRE SRR
JRAAE I B, S RO — Lo AR T RAE P R T S 9 il 4E)103), ax dedii]
VIR ARG IR MR (3) WA S E D B A4 R CRERE TE IR Ik & A V2 R0
B AR AYER CEANREE /5 il RBTEL I 79 %, A4E 522015 8.3 %,
PAYERLA N 3.6 %o A EA B A4 R SRR KR & A X =FYR,
B AR 58 40 FH T A T2 S ] 20 W R A R S 1041,
(3) THREEESRET

KRFALEREMFRHEHELEETE 3 %-20 %K), XKy HEEKES
JREE T, 0 Mg* Mn?* Fe**\ K, BN 1BE AP It FE S 2N AT 4E 3R S RE R K
TSR BRSNS RIS T, SEMEHHEAA L. SRBEE FRMEDE
KB, wIE N E R R BIE 7, 1] DR RFREE TR 7. SR =ik
FEM &R R B TR A A KA TR E R AR, PRK QB R R RRlee,
(3) HRIEHESR, SO, Sl

CBEIR /K BB IR €, BT I B B RR, FLAB B2 AT 42 20000 LA F, U EEATIA 6500
NTU (Nephelometric Turbidity Unit, bt B B ir) L 076891 MCH i gt 58 Hhml DLAE
Wi, 38K O R KB N GRAR B R R AT e (1) TR FlAd 22 3k R AR 5 HE SR R By 254
JRUNE AR HERRY; (2 FEME AR RS ER N (3) BRI E AR
F T EERELST T,

AHIE TS B AR 4 25 OB KRNI & AR R 27 AR B R K AE 4L 5 B R AT,
EEAEEE. mE . SR, 5 COD. & BOD. & Al a WL EE o5 .

14 HFHERZERKCEZAR

RIFA AR AL A 43 OB R EEE R, XMEKRA &M, &L
JE. & COD. AN XMEFFMERRAELY, BEE A48 & LR ARG =ik, HE KK
BHEAANEE, HNRIFIEENRKGETRE o6 BER. Bl % L4
R ORGP R BG4 HBEBRET Y IRGEIRBeRU2, Wik, A b B4,
1.4.1  fRHFEEWE

AR CIERKP AU E G RENAINY, e EH V248 8 e Eh . B 55,
IXAE AR KN T4 HEERE AR AT e . P43 AR KRS @ I P fva 3 s, vf
DIAE IR R B . H AT, B0 WO V48 [ 04 F A R E AL AT 4E 3R L
JRIK o AR B EMRE AR B BEAR BRI . (HAE XM N EAR & 2%, 0 A



%8 T LEBIKRFE WL

I BR TR IR K, IRAE R A, MESFERE . RIEY, EATREX R
7K PA R S B R B 3 s 47T
142  W4gghbeik

MR AL R 10 %EE L COD & 300 g/L B, i st T AR
WRGFIA BT IE R R 1% — s AT IR /K AR EE o RAFIREV R R 4T 4 R LR K BN 245
SEMIZE R AT, SRIEH IR YAE 2 /K EACHe R, FBGHRer Bk T Abe . ek
AR RE R AT LRI T 2838 K, 2805 BOUe S ST DI = A A FH U] X RE
BT RIS S AE A 2%, FEORUIEE KL [F I, IE Rk B e RN . kY8
BRBEEARAE R B, DRUER R A, R4 N AN HER 1 R K Ab 307 . (B2 k4
BRIEVE % A B, IR IX R g VR HE T 52 21 1 PHAS .
1.43 WAL

IR S G HEYNEMH, A NEERE R KRR B, BT, Tz
AL T AL BE R AR AL 45 SR A ARIETST . BB, Fenton SEALIEOS0%: , 3
e EEAME AT DLk B RR £ AR 4R R QR K A B FAE T, SE RSB = R K ]
Befdd, ST AT A, DTS AR 4702 R i s 380 SRS o2 ()78 B AR o
144 YA

AENEALTE IR AR BN, iR A BRI DL R P& - A U A 3 5 v

REEDIFIREETANIREE R, K 4F 4 R SRR K A WL R AR BERT CO,
LR, WIMER LAV ARG IIE B REEEDEM BT FERT 735 3
MBI — PR AKE R RE, B2 S0 SR A0 WK 53 1) 5 B A 9 /N o3 1 4)
Jis ZB PR R PR AR SR — P TR AR N T AL R AR COx FIDb &
Mgy BB =B RHBRAERE PR AR AR COx CRREHALNRLE, X—1E
HEA AN I F2 A g oy B

TF SRR R R I RE AT DLW ) — B 24501, I st 4G AR HZTER K
HY, HESH. FRAEYIEREG ST, GRMEDEAK RGN RIENE
FEVY, AR B, AT SEEL PR A AL IR BE ek o ) 08el, B4
A WiE— R FE VA MR TS R VRS R AR M Bk B8 KIS T M5 e R 4R B R AE K UAE D &
i, B RIS KRR AENY . TR . &G R IE IE 18 X
AR BAAVE BR IR K o AR ARSI A2 TR FH A0 B 1035 ) o Rl B ek, AT S 30 B A A v
R E B AR 2 N T 2 R AV A BB AR FRAC R AR BB AR T, ansEd)
PEM . WL AL AR R SR T2,

PRAAEMAC T BAT SR R AR AR/, AP ARSI A, (H B SR 5 S
[F)F S RIS TR, I HACBRRCR — M, FrRAHK BT EIRZE . i A AR AL B AR s IR
IKA PR s O ()b KR EAR G, HERSUEREFER . ALBR A =P, 2R F
Bk, WP R A0k UL R R B A AL S R AR IR B 2, TR VR B R KSR B4R U7 EL A
b5 AR YNEIR B AL 2R CRE R K BRI T2 A, B8 2 W NAEREEE Y S e A ik



BEREIKFE WL %9 W

I FH SR A BHOX P sy A LA & B IR K o PRI SR L RIS FH B 7 VEAMN SRR 1 30 1 IR
KIGEAR, B> T IRAKIG B RRA . RlIt, DRI A8 8 RS AR B IR Bk 7K
16 P B A P AR

Wang® M B Trichosporon cutaneum ACCC20271 i R EE BEXT 44 R 8 K IR /K 52
ITHEAREMR, I RKI COD S &L T 55.05 %, AR EICE N 2.16 g/L. BEIRSLEL
TARHIAE S, AR K B AL AR AME

Wang 1 Zheng Mifi Fij R &G V576 (UASB) FIAMIE [ g% (MBR) AbHRLF4E 2
LBERBEIR K, JR/KE] COD EBRFRIER] T 99 %2 o BRI TR IF IR /K IG BRRUR,
{BARIRTCIE AT R AR, HAR RIS (R K

1.5 FKBEAERRRTR

1.5.1  JRIKAEFA R FHECR

T BRI KSHRA IR, V52 BRI I K SRR SR n) L, X35 80k 22 (1
RIEZH) T P (I PEAS . n FE S IE A 0 R KA 8] L BES 50732%, FExF IRAKHEAT 2 1Kk
TERFIR S IZ R wT LA 2938 6 K 05 A, AR A 75 B0 00 /K W R P ) 1) 0030 A ik
JEKPEER E] A RA5 H a8 B R . X T RKIEH A, o S B A2 A AR B 72
IR R S . DU BURKIEER B AT AL T2 0 B B, 384G VF 2 [n) Rk 55 A 7 A
y%[94]o

JE KRR 0] FH A 480K Tl AR r= /K 0 ek b Bk 248 F brfE Je , FHEAR B 5 1) 1%
KRR BIE 1 Tk A=, DLsil R KA EE . TR KE . — Bk, BERZ
VAT AR EE L A P A R I v R P A LR K AR SR AR M ik 31 [ O e I HE U 1, 1875
TR VMR BEVERE— D B R K A (035 G o IXFEAMN 2 1 R K A R R AT, 18 W] g
SR AKIX—ERHIKEIR . B, X sk A NUE K, TEEE & —A )
IS Jali)

XulVEEEI B T AR K, e Fr R K 34T PR A A S HR S5 AT AR 2R, 4R
JE IR 2T R R B R . SRR 10 W, AE# RIS AT R R K T IR R
I8 B i T AR ST R R L TR R e s, EIE LR T RIK 95 %[ COD

Song®M4E ¥ DHA ( -+ BRAKER) A1 ARA (FEAEVUMERR) A r i it A ik
AKAEIR A 42 2 e AN AR IR R B A P ik b BIEFCR I, FEFRIEIA T R /K DHA
T ARA KB 55 R L 208 LFEE 2R, (UHEKEFEEARD T —F.

PEIR ] FHAE — 2 P2 L AT DUAR R iy TR P58 P /K RS0 R, i A 38 P /K o B — M
TEKMIAERE. B, B ReREN 8, PEKIEH B FKe e 22 3 3, FEFR Al A
W M DUFF
1.5.2 A4 SRR KPEIR A A

RIREFYE = QW AR R B IR AR, X R R KM AL H AN B A B K. fT LA
N T IR 4E R CBEAT ETES I R AR R i) @, A 44k R Ol
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SRR AT ATHI T %o 4R, % T 414 5 LI R /KAE FR 8] e AR AR R Ab 76 T 4R B B
BRI

TIH O K RS Ve R (EGSB) « A E ISR K (SBR) JR/KAEHA A
YR CIEFE T ERIKIERUR TR B . B USSR, X PR R KA 2 3] 2182
REEVERE, ORI & T QIR TR A LB &

B ARSI AT PR AR S I AT 4E 2R OB KRR Bl 2 O RER TR B . B FL 45 2R
BN, YER CREPRIKR A4 R W G AR B 0 A WSS HEAE T, IE RRE 3 5 £ T K T
W7, 192 EIREN AR Ll .

1.6 AOIFKBENEERRAAR

AT A2 3R SRR — Bl IR | it & 2 B AT PR AR BEUR, BRI AR AL T B
L AV T AR A 4 R LR ORE, BEBEAE— AR U A Re IR AL v
MRS Gein) @l . R YER Ol 72 3 7ROk Z NIORTE . SRTDET /K 4 FH &K
MK =4 & e RS A 4E 2R O T AL — RIERG . Gt Sk — A 4E &R O,
S FHBR AL BR AR I A1 4 28 L AR 7= T 2075 B40HHE 15 Bk, 274 16t JEKP; i
FH AT YR POHOR T 26 19 t JrEF/K, 227742 20 ¢ JRK: A8 280 75 2 4
112 CHTEEK, 7742 115 ¢ JRK . AR B BRI V5AE R BR B A2 = — i 2
PR OTE, TEIHFE S t /K, HEr 4 8.7 t KK, HMRELEEHARLEF 1t LEEH
HKE (7.9 0 FEKAERE (830 C&+oEaaR, (HXERKIFEKIBLE—K
HERMES . A, HEERCEARZE, FH4ROFELT] BT 23 FEENE LR
Wi, AR CREE R — AN 10 o, — R A EE B SRR R (R R A . X e
X IERE S, PRI R A AT B s K HE A 4 2% 20 Tl e DL R

PYE R T RK B A & H T 28 2%, Bl E NI 4EzR Ol R K B b BT
FERRHYMGIE AL, Bk T2 R m G RO B %, HEelEN
AEYNERC R TN IR . B AR A FE I A AR Y A SR R A A R, RO R
RAEH o APNERIBERSCRBONIA R, 7T LR 2270 90 %[ COD & . (HRAF4EE
LBER /K] COD Regis ] 125 g/L LLE, FrRABIEFEAK 7 90 %I#) COD MKIRTCi%iA 2
[ 2 1B R K HEBR #E (100 mg/L) o FTLLN T 58 AR BEOR S MEREAR B PR K, E3A I H
CBER K — DT T % o

CBER KGR I A PR BR AT, — 2Bl 2 KT B, i — e AL B B . A
RS ZMED A B, A B B 2 R BN BRI T BRI B BE A 7= OB,
JIT DA 8] FH 21 R BB BEAS A& — AN B i 09 5 58 o 17 1R F 2 T AR B A B W] DA R0 R R 7K R Ak
AR BRI R, TR g FRUAL 38 1) v il e s PR 52 ] DU OR BRI K b B A, i BA el A
2R B R R A EEI T . 58, B Z T EE Y BB AR AE T LA 8 28— i 2 R
A B B L S R SRR A S5 L AL B S R R 2 R T P R IR S PR A s B
JR K A A T 2R S LB At = A T B FE R S TE RO 25 RIS . A LR AN 614 5
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=R RRKTEREREE T, R B R RE A S 2 a5 LB R
SV AR A AR B L BRBOK PGB 53 T, RENHAENE R R . XL A
ARG LA AW T AL TR TCET e R CRE KA I R 5 AT AT, AT 4R 3] —
AN R R R R 7K TR I R )BT T i

AR SRR TE N 25 B AR -

(1) Seta RO A VIR HI R AT SR P 3R, Wtk Z BRI [ 0 & Ja 7= 2k
(¥ ZBE R BEIR K o

(2) G IXFf R ARG 18] FH 22 10 2 7 B A ek K TG ) 0 A 252 T 5 1) PR A
o WALEG, AREEHHATEI . BAEMIBRE. @S RERE . LRER SRR
F.

(3) FRRCER Z RS VA [ 0 88 Ja 7 AR 1) QIR I IR K, I 2R B8R 2 R KB A B
FE AL B T BOEAT ALV

(4) Qb 3h Bl M LR R WK, I LUAERI R KA 8] A5 TRAL BRI 473« il
IKARAF VA S G R P IR PE RN RS 3R, LAORPI Wy £ R I IR KRG A A 2 15 15
B 4 R B POK B B 3 B LB = Bem i, Wi Z05a Xt 288 A R /K i Ab 2
FHEROK B A BB BUIEAT IR B MR AT, IR IR ST AT AT HE
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B2EF AURIEABERKETANIEIIETHVEZRIR LTS

21 BlE

M AREI H B =, 4ER CRAENRAI I ERREE, ZRHkEZ A
RVE . TV A4 R OlFR 2 KR T BRI R, 4% BRI P AR A 7= — I 2 4 3¢
CTETEEEHE 15 CHIEEK, 7= 16t RK. FrER—F1EEDGEH A — 4 4% 2
BE, TELHAE StHTEEAK, P4 8.7t RKPY, DL IR T2 Pl K, SERRAKE
J KR A ] BRI L2 P K A, SRR R, FHERLE T H
T2 B FRM R PR, AT FIRR SRR = R AN I 10 5, — M R AR BE Y
JEORE P MRS A AT B4 37 T o 7 3K S R Tt 4% T v 533 P b X et A s JR /K HE TP £F
YR CTE MY, PRI, U 5 7 R 52 PR %) [R] B S A 7 25 v A0 38 i 7K 45 N BSOS A I 7K
MEPHRSA, R RIRRARET YR Ol A A EIE S ).

JE/KH] COD ik 125 /L, & &V 2 AN, I BARIBIES. =R, S
ARFAEN0) 7R SRR IS 7K IR VR BEOK 22 A2 SR AL B AL 38N AR 40 b BRUON . Wpfk ik
F B Fenton FAALIETO12 Bk RIS, ZUEEATIETS ORI R ARSI, W A )
AW U R AR ) A 3R DR AR AR B DL R I IR AR —— i 100 B AR A R AR
R, HETARRAHEREK COD FEM G, MG HKIATEIEE 2 K LK HESR
AENOTI08 B DR T AR AR R AT 4 2 SR KRR A, PEER B & — MR A 1T
%o

TEIR BB A Piok: SR — 2R ERAR R TR IR R H & OB R TR B, F TR 0k
BERT TR 3G R0k . BRI Ao — 2B AR U2 B R AR B By, FH OB B
{5 7N F FROA BT 75 AR FR AL TR o | T R B IR K R 8 22 PR A P 4 i RORR I Ty 2K
G, A EARR R RN B, SR AR AR S AR, DRLEE A ]
BRI B — N U 5o AR, (A1 FH ZR TUAR BRI B AT DA R e 25 vl A4 i 4
BB ) o (RN FRATTSR F 0 BR TLAL 382 7 Ry I 25 A N IEAT Y, i AT U BN BE IR
KRB RAE Y . FEUR, TIACER IS DR AT WS AR, 2 A R )
(RORRIES . S-F2 FH MRS SEMI I o IXRERRAR KR T IR 7K A 5 B 1 2 B RT 0 o 42 ) R

ARETHIWFFCAE T

(D) S TEE IR RITRE AT Ll A2 P AT, Wtk LIRS TR o0 B e 7 AL 1
LBER BRI o

(2) KX MR /K BB A [0l F = FACBR BT B, FH A e 7 I 1)1 IR AL B T 5 1Y)
i R HEAL T o

(3) TALE )5, SREEBEAT R . [ RE . & R . LIRS 1R S A k]
A

(4) FRRUSCER Z RS TRV [ V70 B8 Ja 7 AR I CRE R IR IROK, R AR SRR KA (BT
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AL T BUHEAT ALV R #R A

(5) WnBbPEIAEIH, I BB R IR KGR 8] Ja TRAC BRI R 20 00« BEZK RS 3R BL
CEER IR CREWR RN LT3, DLIHOR PP O A B PR AR B

MR, ERRPIHAYER LR R BOK AL BT RE, R4 T8 ORE ™ BREEA
ORI G T B A o 3B 0 S B A A SR K o B B B R SR IR IR e A I 2T 4E R L
KPR PR SRR E T, EEA R RARE S, XHEK R RN LR g
= E R .

22 MREHB
221 JEE

AV AT I JFORHES R 2 AT . AN IR R P B E LR A ST (BGRT 2018
TR o NITGAR (1) /N 2R AT JEOR N AR S T TR I KRAS T, S 1 7 (A PR R A
P TRAL B ZR, Bir LASE A Al 2 P A Ok LR WCER 1) /N 22 R AT JEURER R 8, I35 )
R, BN ERATER B RE AR K. REE TR IR

INFERERT BRI ZH 200 5 10 77 925 42 $4  NREL $2 43 [ i 77301091100, 2 431l 52 1)
TERFIER AR FRME R 6 h UL E, SRJ5 2 H 400 mg BT /N2 REFF R, 0
4 mL iR 508 72 %) HaSO4, T30 °C/AKH/KIE 1 h, IR AMFHBN R RIEH
BRAEMF, M 112 mL £ B FREMBRIRERBER 4 %, 95 L9, KA
REIIS), £ 121 °CIRM# 1 ho MRMGEUHE ARSI, AWiE R LRSI BRI, SR JE xR
R EAT HUE AR, HUE S s A T e s A MR R & . g5 2 UG il 2 &
I DA T8 AR A TR 2R AR, R 5 HE AR I [F) 3k i FH 4RG3 105 CCHEAR TR ML T . B
JE HIUEAR SR, I (R BRI 1 3 L oy R PR AN ME AR LR MUK 3, SR a4 R AR AR
— IR IRE S Bl h R, B AU A, KR s R KR . 5
BER 3 BN TE wlt e ELFEAE 5 3fpr b R e kA JE0RE, el T B8 20 RN JERE ) 2K 7 -

AR T 5 20 A S5 B R B A G AN R AT . olk B R BR 2R T R
AR, FEEIEE XU ERAE I G B . SR T A N SRR =
R, i DAAHIE Fe A B 42 75 303 DK B 77 AR
222 H4ERBEANAG

ML 2T 4E K Cellic CTec 2.0 43T Novozymes (1 [ED ¥ H R A F . #R3E NREL
77 %€ LAP-006!" N i , JEARTEPE AR 41 4E 2l 203.2 FPU. {81 FH 4 1175 1 55 1 (BSA)
EREEZSIRY), @it Bradford!" 277 LTS 4 4 25 5 88 B % 204 87.3 mg/ml.

BT HRFH KH2POs, (NH4),S04, MgSOu, Fex(SOs)s 25N T L il i i, 1EI
T OLPRSR T .

223 MR

AR AR AR T 0 B A5 3 7 — MRAEYI N 55 L E W IR H U A.resinae ZN1,

Hog HAZ At AE b L@ AU o0 (CGMCC, dbgt, FED , EMS A 7452013,
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W % A.resinae ZN1 LRAFAE SR B G MR IR 72 (PDA) #}1fl . PDA #}fi
&R T . VI, FRI200 g T 1 L B TRk 60 min, JERR
G, MKETL, A 20g HEEM 15 g Biflk.

OTE R T FEMRBRE 2 RE Saccharomyces cerevisiae XH7 K H B A2 8 — A5 A4 HR 5 % B
BSIF, &1 & B ok 8 4% 12 1 5 AR I 3& 5P A6 A8 45 & T 13 21 [ T4,
Saccharomyces cerevisiae XHT {#47 T YPD }i 72t (%M 20 g/L, HEEME 20 g/L, EEEE
eI 10 g/L)

224 WK

A S A 43R OB IR K 5840k B AR 3 =00 K A YRS AR o &K
F& CEERG TR G CEERGTE R 7 B AR 2 CEE R B IR K. "B COD =ik 170 g/L, 8
HWZ AN, BitaRERED, ARILKKE, ©5A ESBIRET.

225 TAbHE

AT T B AL B AR & T ER AL B (DDAP), 77 754K Zhang!!!S161, Mkl 58
WAL 2:1 (wiw) BIECBITR G FFIMAZIMEF N 20 L BTRALHE [ B gs R, iR
IR EE AR 8, 75 AR FURL R A B e T E « #RE B IR e N R L, SRIE1E
PEHEIRES T MARER AL, P2 50 rpm, {R%F 3 min, H 248 2 J5R
MERIR 5355 . ARJE1E 50 rpm i HE PR T HHE A 175°C, 4ERF Smin WiRE EFH &
175 °C. #Ja LABFESHE 50 rpm, #5175 CCHPRZS M 5 min. THALER 5 4454
Bl S FA R B [ S/ NBRL, S/KEZN 50 %, pH 208 2.0, FikHEEFE P ASSEAF
{077 et o
226 LYl

TAL TR 5 R RLR A P i B 1 77 KB BRI . SRS, 77 K Zhang!M7),
I FH 0 0 B B R AR AR 5 A resinae ZN1, & 0] USSR FPDRE R FIHNHI9) O |
LR S-FE W ERRRE ) AT AE K I B B SR I E . AV s i) 2P0 %
it 1] 20 %[¥] Ca(OH), (20 g Ca(OH) ¥/l 80 g 2B F7K) , 4RJ5 Fl Ca(OH), ¥4 i 15 1l
AP EYIRHY) pH & 5.5 (BB A.resinae ZN1 & pH) , AEYIELS A.resinae
ZN1 2P 10:1 FILLEIR &3S FFIMA 2R R 15 L MBE BN, RN
28 °C. U 1.0 vvm FIMEE T REAT AV . IR R 12 h BN 50 rpm R
A NPFE 3 min, I BNVPRL A ) =00 ZENE ) OB . SR S-FEH R ) Ok
FERERETFIERE, BN 2-3 Ko
227 KEEPhFRIRE R

LIE R EER R Saccharomyces cerevisiae XH7 1EFB{KIR-80 °CCOKFEIA B h AR, KB
FhrRIR IR EHE XHT B M Tl =Ml KB TR R RS B
XH7 (I¥AFE T YPD H7E 30 °C. 200 rpm [0 Fidifh 12 hs SR 536830 — 4fh 1l
AR TR 12 hy SRR AREERS B = U RE TR 24 he PITA HOREAIEIE 10 % (viv)fY
EMET.
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228 [AB BRI R (SSCEF) HJ7i%

SSCF &1 5 L {y K BEmEh #EAT R3], SSCF 1 2c R FikElL, &t i & 5 ki
AR R B2 N FGETIREAL, TIOBEALAEIREE N 50 °C. K IEHEFL 34 200 rpm. pH A
4.8 26 NHEAT 120, IS EN 30 %; BEALTE UG K = B 755 7 3\ B R IR
FRUGHEAT RIE PR R T, IR 32 HI7E 30 °C, HEPEEETE4ERFAE 200 rpm, ] 5M ) NaOH
WA R pH £ 5.5, fEICIRA T AEE 72 h, BERE 12 h BUE &5 T 5 00 .

IR )75 % Zhang A1 Bao(2012)M I 77t 44
229 ZLFEFETH

KSR SN YH 241, AN 2000ML. 5 B fe 2 BUE & 28 K Bam T ikl
RN BRI 28 vh, FTIT RRINVE IS 2R T T, U288 3 78 °CH AT IR 78 K »
3 ] (B8 LA 7 S Al B B vy, FRERAR R B BRI OB A 78R . 750G LAk
FERTIE 99.57 Yoo 332 BIK B M 20 1o [T 4 265 15 380 [ AR A I 2R e S R I R IR PR K
AR TR ] DAE N BRRE R B AL REN20), 2 R I PR /K (G A0 [ ) 42 FROAL B A B3k AT S 56
Wt
22,10 HAERE. AKBE. FEIA QR M T

BT ARE . I O BERIRE i HPLC(LC-20AD pump, RID-10A refractive
index detector, Shimadzu, Kyoto, Japan)i#£17 & &7 #1. Fr s B A I 2% 2845 72 RID-10A.
3 o AL I 78 5 HPX-87H(300 mmx7.8 mm) . Ff i S5 7E 2000 xg 53 T 2.0 5 min,
BB, REHEB T /KR, FEIILEN 0.22 pm 1— IR MEREREEET 22 0 255k, &
JE R II R 7315 B . HPLC kil 264 Al 65 °C, WahtH2 5 mM ) HaSOs,
TANAHIIIE N 0.6 mL/min, HEAEENEREN 20 L, FLEE=4f.

2211 &BEHHETEERNITE

RK F 4 JE B AL Mg, Mt Fe*t. K. CI'v NOy'. POS %%, &Jdihe 1
BRI A R Hanl 2 732

FHES F Mg*" s Mn?"\ Fe*"\ KNREZ @ &5 5 ARk Sk (725 ICP-OES, i,
EED AR, kEsy CCD RlEs, D&y 1.2 kW, SFETAAREDY 15 L/min,
RN 15mpm, FESIERTE N 35s, FAsemtE] 10s. FESRTAREDEIR: FREZL 0.1g
AR (ERBESHTD , %0 3 mL HNOs Ml 1 mL A&, Hpr L#EE 4
h, FRBZE 25 mL IR,

FH B ¥ Cl'wNOs3™\ PO F & 7 {1 1% /X ( Dionex ICS-1100, Thermo Fisher Scientific,
MA) 45, & i#s e S % ¢ AERS 500 ,4mm) , Z)H7kN TonPac AS11 (4 X
250mm) , RN 65°C, WAKVIE A 1 mL/min. BEEEFEMLAIT7%: 10 mM KOH V47K
Vel 12 min, 6s WEH#HY 25 mM KOH ¥, ¥Eflii 12 min, 6s WSV 10 mM KOH
W, Vet 6 minl!2l,
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23 RS540

231 WURLYEER OB KR K

N T 1S BN A 5 I A7 4 25 B R 7K, 8 2 i e 7K T ) s TR e A 7 5 2
FFIFARNEAT T ER AL B ERAE , R 5 3% B TR AL W MRl (PP AR AT BE 2 L [ 25 AR i
Bf SSCF. CEEHRSRSEERIE, [HVR B CBEAS T, W S e AR K. X FhEK
B AHIT 58 it I B BRI K, PR R — IR IR K

W3 — R K I H B TAC SR B, SREdt T . A EY i SSCF. L EEF51H
SRR, R RIBIRKFRNEE IRIEIK s B8R IR K B 2 AL FE Y B, 4k 4t
HATEER . ESEYIMEEE . SSCF FAEMARIRIE, BRI & CBERS TR 1S 2 1 KR
NEE=IREAK, DA

YR OERBRKEA LR JUAMEE: (D SHENREEY; Q) SHZME
ML), FERIBLLE T R, CFEHE . A, . 2 ok 2.1 i
R (B EA MEAEERR R, (4 BEA - WEmEEE O, B2k,
S-FE SRS MHY;  (5) BEE —REEHE T, G Mg, Mn?'. Fe¥'. K,
Cl'. NOy'. PO

F2.1 POKHEERHLR K pH

Tab. 1 The content of main organic matter in wastewater

Component Composition in wastewater (g/L)
Glucose 3.63
Xylose 4.07
Ethanol 0.10
Acetic acid 3.84
Glycerin 8.72

The pH of wastewater is 5.15.

T BURACNEE — IR, JREHE R AR R AN REAT
232 ZPYER CRF R KA TRAC B F BEELAE A [0 Y L P AL B 5 VRO

N T RIVIIK EIEEIA B R AT, X —BrBadkAT 1 PR BRI AT, RISeRE 28—
PR K 1 Y 22 PROAL BRIy B O b AT AR 27 %, FRUSCER 26 —ORRK, AR —#
I I AL B B o LR RRRE R K [ S A P UL B 5 R 2 RS TR A5 5 AT
SSCF ZFFIKIZ, KIMHE RK BRI R B AT« BEREIRAKIEIARIH, AL 2 a0k
AL BRI E R I 2.1,
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B 2.1 BOKRBEKHAT A B YRI5 R
Fig. 2.1 Pretreatment efficiency assay of wastewater pretreated wheat stover and tap water pretreated
wheat stover.

Deionized water fif il FHHT LK BEAT FAL BEERAEAT BIHIHIRL: First wastewater 518 FI 258 — UL KBEAT
AL PRERAEAS R PDEL: Second wastewater $5 458 1 55 — R R/KBEAT UG BRERAEAS B IR, (a) R
ANHT K A B E VIR 55— IRBOKTAC B JEPRE 5 IR RK AL B 5 e b 21 4 2 & BATAR K
e (b)) R =FHCHEER RS R AR E, M E. AERSE: (©
FORIX ZFTAC B SR I SR (L8R SRR WIS . BRI ¢ (D) RRXE=MY)
BHOBEK PP S5 A BEKARAEAE: [E &8N 2.5 % (w/v). BERIEH 20 FPU/g DM. /K figit 6]
72 hy RS 50 °C. FRIRELEH 150 rpm.

K 2.1 R DURBRARIZZ AR, BUBHEK . 38— IRROK . 58 IR IBKECHI M R
AT AT TR TRAL BE,  FHUAL PR IS PR AL 700 2 AR K R 45 R . I AT LA Hh e B
R AL B SR 28— UURK A B S kL. 36 IR EOK FAL B R DR 2F 43R . R
B EEIRE. REWESSE ML, 4R, SR TR S E WL RS
ML TS . XL R R AR U I AR R K TP R R AT R, A
TRAL BRI T A 20 FRAL BRI AL 70 7 AR O, A SRR AR VF 2 A . N
B 2.1 89 d BIATBLE H, =Rk R K 1S 2200008 92.36 %, 89.00 % 88.07 %, &
BTN BROKIACEE VIR B KA R AR T kL, BB ROKAE3A B
PRGN, e MRS 5 ARIK T B o 3 BSOS /K M 455 AT A i DR PT RE 2 SR K A AE I
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K 2.2 RORCAHTEE K. SB—IRKKS 3B IR IEK AL f5 W0 k34T SSCF 1148 X
tEE . B 2.2 WTDUE iR K . S — IR /K S B IR RK FAL B Ja Rk A B b i W) 46
HIBINE VIEARNEREE R N, F2o = PRk i Tl A B AN FHUNE AL R 22 BR AN, 35077
AT IRFEARIT AT R TR s MR R eSS (BEFE. COBREAERD ARl = Fh
VIR B & CRER FEARIR T 1%, RIS /K TAL 38 5 M0k B e, 3R — IR KRN EE IR %
TK B AR FEAS W B AR

——Deionized water-Glu —{—Frist wastewater-Glu —@— Second wastewater-Glu

—<—Deionized water-Xyl —e—Frist Wastewater-Xyl —8— Second wastewater-Xyl
100
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Time(h)
B 2.2 FiefK. BE—KEK. BEIREKTLEE/NERFT R

Fig. 2.2 SSCF of the two times wastewater pretreated and tap water pretreated wheat stover.
Deionized water-Glu, Deionized water-Xyl, Deionized water-Eth 4351 3 7148 F 87 i 7K AL PR 5 0 Rk A 1
A R AR B . AR . LIRS s First wastewater-Glu, First wastewater-Xyl, First wastewater-Eth
RN A B — R K T AL LS W) oRE kT I 1 = FR W) R IR B s Second wastewater-Glu, Second
wastewater-Xyl, Second wastewater-Eth 7~ 55 — X R /K FAL BE 5 0L & eI I =Fh i 2 o [
A WEAL R B 25 A - [ N 30 %, 2T 4k K 1 &y 10 mg total protein/g cellulose, TUA#AL IR 5 A 50 °C.
pH4.8. 200rpm. ¥ 12h, [FSHELEIZIRE N 30°C. pHS5.5. 200rpm. K 72h, KEEREHEN
Saccharomyces cerevisiae XH7 o

K 2.3 RIS B — IR K B8 —IRBRIKTRAL B IR kL SSCF [ 4 LB
W& 2.3 AT AEDO ) =R P AL 2R S W0k L A B PERE . B /K FAL 2R = 0kt B
K OTEPP RN 65.34 g/L;s BB —IREK AL B 5 R I i & O REF= 584 60.27 g/L; 55Kk
JROKTRAL B S VIR ) e 25 Qg 0N 57.78 g/l. JRAE R 2.2 MIEERER, JRAKYIEH
SSCF {EWEFEM LW~ A e B KR — 20, (HRERBOKEA)E, Bt
Ykl SSCF 2% CIF = EHR L L — 8RR 720 5 %. IXRMILYER LRERIKXT CBER
WA IS B 7T BE A PR /K Hh A7 A8 e e 5 M 19 B o] BT AE RS R Y BT, 1R 3%
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Bl 2.3 FrEK. B RBEK. BZRBUKAEEMERFTRE LBERE
Fig. 2.3 Ethanol concentration of the two times wastewater pretreated and tap water pretreated wheat
stover.

Deionized water #51{ F 3 E /K T35 Y0RL K B 1K) L BFVK S ;- First wastewater 45158 FH 28 — IR /K il
AEER FE IR K SR EE s Second wastewater $8 15 I 55 — IR IR /K FRUAL HE J5 MDRL R B ) LBV P
[F PRI R 2 [ 5808 30 %, £F4E &N 10 mg total protein/g cellulose, FBHAIEE
7450 C. pH 4.8, 200 rpm. XM 12 h, [FBHEILRRERE 30 'C. pH 5.5, 200 rpm. KE# 72
h, KEZE N Saccharomyces cerevisiae XH7
2.3.4 RICRKIGIAI G SSCF L1 B BRI A S 1A

MR OK BB G, PR D 5E . B K153 N SSCF 45 RAT LR . IR
IKAEIA 0] Y 22 PAL BEAE HEAR R ATAT R, (H 2 S 28 AR WA I P B 1 i A i
BEAR o Sl ™ ERR 1) 1 R [ BB, S BURKTEE —EI A T & dxergER
LBEIRIKEEAK SSCF 2R~ EiX — IR, ASOFM 1 LA ATRERY SRRl TRk 2 2
TN MEY) . EREE T, A SRR T R LR BRI, JF
XEBAT M. E o, RBEAETAL PR A IR T e B A I, i AP R )
IEHBEAT o FUG, BRAK A R ) AN SRUAE B BORT A IR )& B v, S8R it
BEHUMERE, M A)EEE M O AR RE . EATTE AR, BT ARSI = B A P i 23 0 R AT
IR B A.resinae ZN1 58K EERE T, SMHIVIRI 58 A kR, DA BB AN il
YA G R A BRI B Z R R e, WTEEER T, MENERRE A
et B A A, (B S 1 < e 1 1 U B i P P i DRI, S <)
R TG R Ol E A R R A

HANE TILREARP R EBIE TR, B 24 RORIZE —IREK. B8R
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Fig. 2.4 The concentration of main salt ions in the first,second and third wastewater

(a) ORHIRZEIKY M, Fe¥* , NOyHIEE: (b) RRHZEK T Mg*, Na', POSHIEHE;
(¢) JERIARHIZBKH K, CrfE . FHE AN A4 8 7 A& Y 15 Limin, REN 15
rpm, AfAIEWIN A 35s, FREME 10s. FEARTALEPER: FREL 0.1g AR (EEK
WEASEIRD) A 3 mL HNOs M1 1 mL &5 lR, WA EZ8A 4h, FBERE 25 mL JRE. BIET
Rl 2. AEIRCA 65 °C, MAREDY | mL/min. BRAEVEMLKIT71%: 10 mM KOH #HR ML 12 min,
6s BN 25 mM KOH ¥, e 12 min, 6s WA 10 mM KOH ¥, ¥l 6 min

N TSR ——& R B TR E 2 380 SSCF 4R BRI 1 2 A,
PATvert 7B IR S SSCF SR R MR FUESL . SEI EE N AR (1) M 5 ik
DL ER K77 (MgCl. FeCls. KCI. NaCl. MnSOs) , B UH R K 48 2h B Tk,
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BEATECRL, JF W& Jm s B TR EEAT SSCF IR AR .
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Fig.2.5  Changes of ethanol concentration under different salt ion concentrations.

0 B LK BN SR ER 2 TR Ly 05 1 ARGRAMEE — KRR R ER 88 5 IR s 2 ARGRANES IR RK
FR TR 8 TR s 3 AR S = I BR/KAHR] 1 £ 88 IR 5 5 4 ARSRANER DU R KA R ) £ B ik
SSCF 2&1F: [E5 5N 10 %, #4EZ B 54 10 mg total protein/g cellulose, THAHALIRE N 50 °C.
pH4.8. 200rpm. W 12h, [FBHELEIZRE N 30°C. pHS5.5. 200rpm. K% 72h, KEEHHEN
Saccharomyces cerevisiae XH7 .

K 2.5 FORKIEAEAF BB B 7K E T, SSCF LR E ARMAE ML 45 R B
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IR A RN, 3G R AR A [a] F Ol LA W B AIG o B DL AR 3 s 7 L
SEIN LR AN KB TTFEAIR, 1 e B e PR B4y, ROATRERR £ K 0 b i
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Fig. 2.6 The concentration of salt ions in the dusted wheat straw and the dust removal wheat straw
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WA 10 mM KOH ¥, i 6 min.
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Fig. 2.7 Pretreatment efficiency assay of wastewater pretreated wheat stover and tap water pretreated

wheat stover.
a BTN R AR R Z TR D ZZ AT P B S PR AT 4E 2 S B AR RS & b BRI ARBRA
TR DA AL B S P0RL = At (LR, BRI, S-S S ;s o BRI RBERA
FERIBR DA AT TRAL B S PR A 200 Al . IS RS 2. d BRI KRB MR DT
AEFR SR BRI o BEKARVEAN I 252 2.5 % (w/v)[El & . 20 FPU/g DM i . Bt [a)
72 h. #&EN 50 °Cy 200 rpm.

Kl 2.8 RN AR BRA LA AR 5Pkl SSCF FRR A 24T Pildb 22 f5 0k} SSCF i
RN A SRS . BB, R4S A A Sk SSCF 1146
HERE ., AWE S B TR A EFRIWINEIREE . 20T 12h, PIFEH SSCF LB
PG OURE AR — H, (HREE KBERHEAT, BRI Ol 4 2 2z & T Rk ad
T REREZF SSCF 72 h I LBEIRE S 63.83 g/L, LEEAFEE 78.46 %; R
FF SSCF 72 h [ LR E /& 77.08 g/L, LEEAGHR A2 88.18 %. AHECARMRA, BRAJEZHFF
I TR OK ) R BT B

100 ——Dust straw-Glu —{J=Dust removal straw-Glu
90 —&—Dust straw-Xyl —O—Dust removal straw-Xyl
—a—Dust straw-Eth —/v—Dust removal straw-Eth

80
70
60
50
40
30
20
10

Glucose and xylose and ethanol(g/L)

0 T T -
0 12 24 36 48 60 72

Time(h)
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Fig. 2.8 Results of SSCF of non-dusted wheat straw and dusted wheat straw pretreatment material.

Dust straw-Glu. Dust straw-Xyl. Dust straw-Eth 737l 7~ FH R B 2R 22 FF SSCF Hi & MR BE . AREIR
. CBEREE; Dust removal straw-Glu. Dust removal straw-Xyl. Dust removal straw-Eth 4)- 7l 7= i
FIBRZEZZAT SSCF M GIHEIR L . AWK . CFEKRIE . RIBHE R IE5 AT [ 580N 30 %, 4F4ER
il FH &4 10 mg total protein/g cellulose, FUMEILIRAEA 50 °C pH 4.8, 200 rppm. M 12 h, [F2HE
e RBERE N 30 °Cy pH 5.5 200 rpm. K8 72 h, KEEFE RN Saccharomyces cerevisiae XHT7

BT RERRZEA, BRARZF R BRI R RE, A kR R, X
WIRR A AT AR i S RE R 5, 3RS m ™ BRI ROP B AT LB BR AR 22 AT 56 — IR
IR BRABZZATEE — IR R R (& 2.9) AT, BRABRBA INEMIIR 254
BT, BIONERE T REMIER T, ARMEBRARTNEMGIER LR, —E22S8E
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Fig. 2.9 The concentration of main salt ions in the original wheat straw wastewater and dust removal
wheat straw wastewater.

(a) RIRIZE/KT Mn?', Fe*' , NOyHI & (b)) ERMZEAKT: Mg?, POSHIEE: (o
JEORIR K Nat, K CIfI¢r . Notdusted WS AR FH AR BRA 2 FF R BEMISE — /K, Dust
removal WS ARFAS I B A2 22 AT I IR 28 — IR 7K o B B RS 00 51 5 28 A U Y 15 L/min,
RN 15mpm, FERGERNEY 35s, FUERTE 10s. FEMATABDER: FEZ 0.1g AA KA
Yy (ERBRABIFD , 70 3 mLHNOs Fl 1 mL &5, By LK 4h, MRE 25mL I
Mo BE RIS AR 65°C, WUAWEDY 1 mL/min. #HEEBEBLATTi%: 10 mM KOH ¥ bE
fit 12 min, 6 s P E Y 25 mM KOH ¥, ¥l 12 min, 6s WSO8 10 mM KOH #, Hilii
6 min
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etoxitication concentration
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Solid-liquid
separation
Lignin Residue | \ Dry Lignin Residue
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Fig. 3.1 Improved wastewater recycling flowchart
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Fig. 3.2 Pretreatment efficiency assay of wastewater pretreated wheat stover and tap water pretreated

wheat stover.
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TiAb BEHAEAS B IY0KL; Second wastewater F88 FH 88 — IR R /K3 AT PAL R #/E 15 2] 1940k} . Third
wastewater T FH 55 =R EK T AL SR B E R B0 R () BEREIIEK. K. H
RIS BB =R BRI LS IR A 43R RRBES & (b) BARER =R 3Rt i 4 Ot
B, L. S-FRERE SR (o BMUER=MBUCEE AR, AW, WM. KIS
B (D BRI R B AP 25 R . BE KPR 25T 2 2.5 % (wiv)[El & &, 20
FPU/g DM & BEMRAIA] 72 hy I8N 50 °C. #3534 200 rpm.

Kl 3.2 RO K PAL B S k. — IR RK TRAL B MR, IR K AL B f5
VRN =R PR K FAL B IS MR 3 € PR AR Z5 3 . Moas by ¢ BIHPAT BB W, D9M)
BRI 4Es . AR IS B N d ERTEUE M B K Tk 2 5 R i
FETFERE 2 94.11 %, — IRIEZIKTRAL YRR BT 222 95.39 %, 5 IR SR /K AL BRI KL
[RIBARTF RN 95.48 %, B = IR IR /K AL B R B IEAF 3N 95.13 %o HHTEEKTALTEY)
B KAEPEAN AR L, 3 R PR K AL R R B /K AR A3 R B BRI X, 35183 T 94 % LA
R E B RS E, HRA BRI RE
333 M RE MR KIEH A FE h AL 3 5 Y0k} SSCF 4f

Kl 3.3 RoHTEE K S8 —IRIEIK BB IRIRK. B =R R K AL B JE kL SSCF &5
Fo MR IX DYFRARL )T 46 76 20 B AR P AN A6 AR MBI FE AR A, 3 5 WA DY Fh
YRL ) FoAL BB RSOR ZBRAR N, # S A AL S BT R IR DU kLK) SSCF
AW FEE AT AL DU RL R R 50 Ja Fe R b & AR i DY Fh s 2
YR B 77 A R A B 26 BRI BB B
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=/w=Third wastewater-Glu —&—Deionized water-Xyl —O—Frist Wastewater-Xyl
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Fig. 3.3 SSCF of the three times wastewater pretreated and tap water pretreated wheat stover

Deionized water-Glu, First wastewater-Glu, Second wastewater-Glu, Third wastewater-Glu 43 7| 2% 7~ i
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wastewater-Xyl, Second wastewater-Xyl, Third wastewater-Xyl 7 VUF 4k} SSCF AMEAE ; Deionized
water-Eth,First wastewater-Eth,Second wastewater-Eth, Third wastewater-Eth 43 |3 7= TUF 418l SSCF 2
BRI . [FIDHEC R AT &8N 30 %, £F4EZ B H &4 10 mg total protein/g cellulose, FifE{t
%9 50°C. pH4.8. 200 rpm. XM 12 h, [FEHEL KRN 30 °Cy pH 5.5, 200 rpm. K% 72
h, KREEFERN Saccharomyces cerevisiae XHT .

B 3.4 ZORTEIA IR — KK 38 ZIRIBOK . SR = IRBOKIN LB ke iR, It
WK AL BERL LI A B 4 R L AE . NI K B ol DAL G 2 DU AR ) A B 4 2R
WME R, KA 5 24T SSCF ABRRE Y 77.85 g/L, SH—IRPEIKTRALBEZZ AT
SSCF LBEMEEN 76.42 g/L, 55 IR JR/K AL BEZZFT SSCF LBEAKEEN 76.61 g/L, 5=
RIEIK AL B2 AT CBEIR S 75.82 g/Lo DURHHIRLE) OB P B+ #Ei . tbdt, DY
YRR EE 72 h B ZEEAS R0 508 88.18 % 89.15 % 86.97 % 87.84 %. VUFnkH
R OPEIRER AR RIEAR RS — 20, Y B BR 8 75 BROKIR A [l Y Al LIR30 24T

O Ethanol concentration
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Fig. 3.4 Ethanol concentration of the three times wastewater pretreated and tap water pretreated
FEIDHEAL RIS AR B &8N 30 %, A4ExMEA =4 10 mg total protein/g cellulose, TIHELIEE N
50 °C. pH 4.8, 200 rpm. S/ 12 h, [FBHEWKEER A 30 °Cy pH 5.5+ 200 rpm. K8 72 h, K
BN Saccharomyces cerevisiae XHT
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BB TR R IEs R K 3.5 F1E 3.6,

5] 3.5 F1K 3.6 73RS IRIRAK S 55 IRIRIK 3R = IR R ISR — VRS TR
BV HEUORRE T L EG R E TR . W RTLE A IRRK ., 2R
TARBRIKANE =R K T < IR AR G B UOR A B O T
ANER = JCRE VRVA o &b B IR FE e AR ORFF — B S5 REoR: (D) AR
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Fig. 3.5 The concentration of main salt ions in the first,second and third wastewater

(a) B/RIE Mn?t, Fe** B &; (b) B2 Mg?, ClI, NOy. POS IS &; (o) Bz K,



BEARITRFE WL¥ig 5 33 1

Na'HI & s, FHE R 55 & TR SARRE A 15 Limin, RN 15 rpm, FF 5 IEHE AN 35
s, RUERA 10s. FEMATAEILE: FREL 0.1 g AAKMENY (ESSBSHRD , # 3 mL
HNO; fil 1 mL &R, Hl F7EE 4h, FkEZE 25mL JEAM. BB FAGIISA4F: FEN 65°C,

WARFEA 1 mL/min. BEFEEVERLINT7Y%: 10 mM KOH ¥&PEME 12 min, 6s P& #4 25 mM KOH
W, Vel 12min, 6s WY 10 mM KOH ¥, ¥l 6 min.
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Fig. 3.6  The concentration of main salt ions in the first,second and third residue

(a) JE/RHIZ Mn?", Fe¥*, Mg?, CI', NOs+ POS &R, (b) RHEH K Na'lfi &&=, First
Residue 55— IR 1 7K — BRI R B £ BAs TR [ V00 120 45 2 ) [ A4 )5 3R PR s Second
Residue 35 RBRIEHE IR /K 55— UAGERR]FH I B £ BRS 1S [ 23 2549 2 1) [ A4 A 5 %3 s Third
Residue 55 = RIRA it 7K 55 = RAGFA ] IR B £ A TR 1V P8 45 38 P T A4 A o 3R 3 s FH 28 1
2RS5BT A SAREDY 15 Limin, FEE0N 15 pm, FERIERI[EDY 355, FUEMS(E 10s.
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Fig. 3.7 Material balance calculation and Energy consumption
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