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The Research on Pb**, Cd*" adsorption
mechanism of Saccharomyces cerevisia

Hao Huang'!, Zhonghua Yang, Guanghui Wang, Jun Chen, Xiaorong Qin
Biological engineering institute, chemical engineering and technology College,
Wu Han University of Science and Technology, Wu Han, China
hhzy310@yahoo.com.cn

Abstract: Group of cell surface and micro morphology were studied to reveal mechanism of Pb?",
Cd*>* accumulation in wastewater by yeast. The adsorption rate decreased obviously after
formaldehyde - formic acid and esterification treatment for saccharomyces cerevisiae to indicate
that -NH3 and COOH act as a coordination group in surface complexation of metal ions and the
cell wall, forming coordination compounds with metal ions, the result of Infrared and Raman
Spectroscopy strongly indicate that the functional groups in the cell wall as hydroxyl and carboxyl
could adsorb heavy metal ions by esterification; Electron Microscope result showed that after
adsorption of Pb?", Cd**, the suspended yeast cell deformation partly, and the surface of cell
adhesion . aggregation, having sediments containing Pb. Cd distribution in the surface of cell
unevenly; X-ray photoelectron spectroscopy analysis showed that after adsorption of Pb?" .
Cd*',the emission of K*. Na' was increased, especially K*. The results of experimental identified
that the adsorption process was a combination of active and passive adsorption. The adsorption
mechanism included ion exchange and surface complexation.

Keywords: heavy metal; saccharomyces cerevisiae; adsorption mechanism; infrared spectroscopy; group
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BEAE HLPE. HIF. P, BBl hé. KW
FATW IR R, P E SRS gk S|
BT, AT AR IR 3 A 3 1)
FEES R TEROEHEL). F(Cdrn&n,

HilE N ZRHNEEAEESEEF, H
HEARABESTR. 54 2 Ris3Sehi, 1
X F Ab BRI BE (1~ 100mg/L) (9 E 4 & K
YR MHEER RS LR E AR b b

AR SR RS 3R RIBF 5T
BEESRERK. MAEMKE. MMFRBR. 45
R EY 5 T 5 LMY R FERE. 1EH.
B SRR, %10 B B s i
"R,

B TR R BN 5 KR A, Ty ELAE N —Fp
S YRR B B AR MU RY, RS
TRV EEERE ST R PR NN,
B, ABFSUEHRRT RERE, Sof IO b5 7K i
HERET P, CA BT, Wit
A P 40 4R AT A 1) Ak B T B B R 00 A
FE S B AR s B LR LG TR PR Al A
FERR AN T AR ARk W B AT £ B A 4 AT
ZL5h. fr8 K X BHEOCHR TR AT, WL EH
FEWR BRI (AR 5 S5 TR B R T R
52 PR R A R R, TR A
B ERPREFER TR,

2 MRFNAE
2.1 #H

B R B% £} (Saccharomyces cerevisia),
EH DR o [ SR SR R P O AR A

HigRdk: FHHERIRHE(gL): WARE: 20; &
AFE: 10; BERFE: 10; HAR: 20, Wifki%ses
(g/L): WEPE: 20; EAMK: 10; BRH: 10.
FERN: FLH. MR . BB, U,
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T (g, EAERALERAAERAR,;
PURMLER(S#T4E), Biosharp; FLAELK(SMT4L),
Kihia THBAA.

FENHE: HEERKARR HH-4, Bied
AR AF,; 37CHEMIEFM SPX-250B-2, L
HHAELHERAAETRE ; HRRK
HQ-45B, FEFBIEBRRNFI B R4
B L 3K30, SIGMA; H#id 7R M
SS8X-550, HA B AR]; Nexus {32 H 24k
W, RER®EHAE; nVia B EMILERE
MENEN, KEFRAAKXARAA;
ESCALAB MK2 R Z ThAEHL T REIEAX, =EEH VG

AT
22 A3k

221 BRBEESHFELFRE

EHEBES LHEMT RO REG, RE
FH ¥R A 250 B P Sl 70 A A SR B i B 5
M, FEREFP RSN, w2 S0,
KeiEIr MM EIRIZFRAE P I, fELERES S
HR B A T ORGBE . 3 BV A B B P K B FO 9
REFREE D, KRR MR BB R R h T
37°C, 150 rpm/min FEEFE, BEFRMIBE R KRG
TR SR BT

222 ZARARMEALTER

(1) FEE-FIRRAb . B0 BUERM B A 0.1g fn
A& 20mL K EEFT 40mL FER IO HETE R,
W BEFE 2h f5, FHKYESR 2 K, BCERE N
AE|E Cd>H Po?WREE A 100mg/L HI4ETE I,
RER PR ME 10min. WP RN G OB HES L, B
LERS A EREYNBERNBARN, HERE
BT R S .

(2) BRACEE: BRI 0.1g BABA S
100ml 0.1mol/L NaOH M4 B+ 0.5h, ¥ —
W, BOBERMEEMASE C2H PR
100mg/L KIHETEHE S, BRI 10min. i
B ERAER L.
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(3) BEALALEE: BOCEERIEA 0.1g A
20ml JE/K FREEAT 1mL R EEERH 20,365 IR, &
OB B R BN Cd2H R PO2 ¥R ok 100mg/L
M, R PH 10min. W5 RO (E
M L.

(4) WhEEALIE. BOOMCE MBI Smol/L
EDTA W F, RN 2h 5B B#HES EDTA
AR, BOBUEEREAEMAE C R Ph2k
& 100mg/L HIHEFEI T, FEARW Y 10min. ¥l
ERCEBRAER L.

ORAGE S

B B 3 (%)= JB B IR SR AR R FE - SE B /5 1)
VR4 JR S F () BR AR R FE > 100/% .

223 HBECEM)IRENHIES S

BRI RIFRE R B0 B e e
i7K, WMEEREMCHSE A £, RETHE. wié.
7E H A& B SSX-550 R T BBt L5
W B A S R AN M B R . TAESRM: &
HE: 6nm (INHEHEE 30kV, TEHEE 8 mm
ZMFF) 5 BOKAEE: 10~200 000%; &AM
HEHEE: 30kV,

2.2.4 PRIBEESHIRFE Pb> . Cd*' i fg ROLLIP Kk
o
BT 5 A SR 4, KA Nexus f 24T
AP ICTEGHATLLAM G IR E , 1 WOKRFE SR B
Bl 5E o WG 4 000/cm F 400/cm; 413
0.09/cm; FHEREL: 32/64.

225 MRBEEBBRM Pb> . CARIELH 8 ik
ST
TR 5 B4 BITME T Po>. Cd> HIRER} 4R
4, K InVia B B HGEEBOER 8 M LG
W 5E « 23414544« B0 : He-Ne, Renishaw 632.8nm;
BEJEHSIA]: 10s; JEHE#BE: 1 800L/mm(vis); ¥
¥EME: 200~3 800/cm.

22,6 BRIEEEIRM Pb2. Cd* R X & NXEBT
HE1E

FERHR BN B T/ B9, RO EiEW, TR

g4, K ESCALAB MK2 %% Th g i F R it A%

HEATIE « DA AlKa(1486.6 eV) ¥R R, Eitit
HHUOHTHIERE., Fi%, X RssiTaH#,

3 BERESH
3.1 MpaREANER

B Y 25 At 5 4= 4 1R #4170 F U AR R 1 19
W 18%, AT HIRMR 22%. &F K-

Table 1 ion adsorption rate of yeast with
different treatment

® 1 EBEAMREAELERNETRME

3525906 W fff 2
AFTT R | BT W A8
/g 1%
mps.EE | O 0.106 2 0.116 | 215
A Pb2* 0.108 1 0.071 | 141
cdz 0.1120 0.117 | 208
T b 3

Pb2* 0.1310 0.063 | 215
cad? 0.1147 0.130 | 106

Faftab 2
Pb? 0.103 8 0.081 | 48
cd 0.1169 0.125 | 145

TBREALER
Pb2* 0.1089 0083 | 3.

FEALEE, MBS TIRMEEM 18%EZE 14%, WE 1
W B 229% % 2 21.5%, HWBEH % LBt
H, B TRMEREM 18%FE 21.5%, FE TR
M RRRFAE 21% 44 SR SRR,
TR BN 18% FFEZE 4.8% 3.1%, WS
T RSN 22% FHEZE 10.6% 14.5%, F
e g P B A

(1) HER-FEA BRI 151-NHs, BERSAEER
5 rh (¥)-NHs B B0/, Bl b 22 Re % /> 41 a2
i ) -COOH, 3 o i ALk 380 0 R P 28 %, 154
-NH; #1-COOH 7] fefEMR f it EEAE M, X
FERENRENSRE FRIRAKATRY
A, 5&REFAEREMILEY, BER
B TEAEM e .

Q) BULHEEAREREN HEFES
K, A6 40 AL R T 5 R HH B I A AT A R
WNT S5SRETFEANRMALE. FI A
REMS 502 4 M BE 3R TH A AR I . (55 5 R B
VIR E e, ORI RE ST
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(3) BREALEALR B R E R, R4 i BEAE
W R RO PR, Rl R B A T A
o o B b ) — 258 fE AN 2 8E 2K T AR A2
JRET RN, B REBIARAEARIE, LRERY)T
GH ERRRE . RIROBEALT BRSO .

32 MREEGMRARBERI T

Figure1 SEM photograph of yeast before biosorption
B 1 BiFESMAENRRR R

g

g

Figure 2 SEM photograph of yeast after Pb**
biosorption

B2 Wk Pb* /R BT R SRR RO TR RS R

ol 71 o5 Sl < 5
Figure 3 SEM photograph of yeast after Cd**
biosorption

B3 WM CdERFREEORMER
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e A B R IR A P Cd IUTIEYD, f# Pb2*,
CA* BB B8, X2%E Pb. Cd LYY
St TARKRE, HRDRINRTELEHE
Pb2t. Cd*"L5 R 41 M AH B4 F AR M 1 o A &%
FHUEBUTIE 4 A 5y

3.3 LISMEIEAIEGR

T 3% R B AT FE R R G FT-TR 3% PR A ¢
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Figure 4 FTIR spectra of the yeast cell after Pb?" uptake(a). Cd?" uptake(b) and before uptake(c)
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C 949 3 400/cm IR IE R O-H IFFIEE,
B T Pb2*. Cd*ZJ5, a b )3 400/cm ]
WA R A T B, HBWEss, XiFHE
EE5&RBEFRETHEMRMN: ¢ 1400/cm K
W i U S B R R R -COOH 14 R B A IE %, a
b 7 1 400/cm [ R A T FEE6AR 4k, TR
XSS, PARERERRP-COOH KA T, 5
Pb*. Cd**R4ERMN; 2 900/cm J& C-H HIFFEIE,
BERMH BN, [, BTEERER e
ZHEHBEEM. MEREN)LT RELHNES
¥, AT R % ik,

FRIELL_ES3HT, BRWGEERERT P, Ca B 3=
BEKERBESR LR ENREERASERE T
R FASRIE 2 TV R B Zn?*, Ni2* Cu?t
MCHUMESRE T, SAIGEMT, UESL

34 HEAEINER

B8t aT Lo A Y K HB 53

(1) 2 948/cm, 2 894/cm, 1 453/cm, 1 451/cm,
1371/cm, 1364/cm B7~ T C-H M3,

(2) 1110/cm, 1060/cm, 880/cm, 869/cm,
416/cm, 410/cm & R-O-R $FEM Wi, HEWT N
AR E BN EER . 580 cm! b
R-O-CH2-O-R HF1E W Yt i .

(3) 1253/cm, 1251/cm  OH {I#RZH.

WOt 8k mE iR, 75 580/cm &b
HIL—Hg, RKEIH RS BEE L R-O-CH2-O-R &
KAFAE. WH P2, Cd*' /5 MIBEREIR7E 1 364/cm,
1252/cm, 580/cm &b HIAFAEBSCIEH BT NGR, 78
ARG MRT R FRE, BRI GEE 7T el i

REREEIR T 5T RERA RN CASITLIA K =
9
50000 - 3
o
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20000 g
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Figure 5 Laman spectra of the yeast cell after Pb** uptake
5 W PprEEERYIL 8 il
8
100 000 — a
- 3
80000
ol
60 000 — et
o0
5
=~ @ . o
40000 - 82 Yl % 8 =
SA —~ wm FE= un 4 o ol
s ol 88g 3 e &
20000 m W il o
0 I 1 e 0 g |
0 1000 2000 3000

4000

Figure 6 Laman spectra of the yeast cell after Cd** uptake
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35 X H&ENABFREIESITER

K. Na. Ca. Mg B4IMINIIKEITHE. K
LB FIRASHFE, RAFZENELT, S5k
ZEEAee R, HBmEEE, BEy s
M HIRRABE 7. Na A2 40 a4 A2 R AR O PHES 7,
FHEPFBBIERE, REFAEASERKEE LR
WO . Mg EREA 41 B BT R R RS
BFEEM MR . Ca & TF 540 Mo BE () N BE 45
K ssy, ATV o 40 M 4B 4 R
30000 .

25 000

20000 0

15 000 K
10 000 Na

5000

0 1 1 J
0 200 400 600 800

Binding Energy/eV
Figure7 XPS spectra of the yeast cell before uptake
7 EESYREE.O EIER XPS iEE

Relatively
Intensity/(c/s)

M 7 ATAN, AR PN S R B T R R
FWE LG, EERPEREE WA Nat S 'K T
K*, IFSE4HMIAREAEE 0 M Nats (K'Y, XBRE
s R, PITXMEDIERMINEENE S
Yk Na*. K*-ATP B§& T3, (@48 & Tk s
BEREE, TE ATP iy NG REHEL .
Na*. K*-ATP B§H 2 MH%, | RS Na'3k
AKX, 85 ATP &4 )5, (¥ ATP HIKM#,
HAERS o T A G BRI, FHRNE 2R, &
X — MR AR I FE Aok Nat M P9 00132 21 )
AU, BETR Na*ZI40 st . LASE 2 P R AF7E
B KRR, MBSMUL A K K S5EE
gaE, (REABRREL, BERBFRREM

20 000 C
15 000

10 000 0

MgPb] Na

Relatively
Intensity/ (c/s)

K
5000
0 s 1 ]
0 200 400 600 800
Binding Energy/eV
Figure8 XPS spectra of the yeast cell after Pb**
uptake
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Figure9 XPS spectra of the yeast cell after Cd?* uptake
B9 WM CAEEMMEE L LiER XPSEE

Bl U AR 1 PSR, FEM S AR R 40 i
W Na* AWz, Bash e KABEAN.

HE 8. 9 "4, 41M7ERM PH**. Cd*)E,
K*. Mg?. Na"BEHHF#mM, HPiLl K
B R, XRPAMEFE PO, CE RN,
Pl 40P LB F K Mg, Na KBRS a.

GEAPIRG R, BERHEE K Pb?*, Cd¥ /Y,
F AL R R R LRRE A%
YR F A NG F o R 5440 H i0E
AR N BB T ORISR S, PR RRROF A
Ahist o TR A BN AR, 1R
Pb**. CA*MIERYIFIEE &Y, MR EdE,
44 Pt CEMAEMYI R E Ta KR, 3
HE—253E Pb, Cd*iBHEAN .

4 B

(1) S 20 AT TG T LA H A
HOLPTFOLE SRR, fEEpRH e
TSR, TR & R Hrh—
TR BRALALER B M T v A
FRMLER, BTGB EEORAE, B
YT R T 38— R R R
UUEHIEES 2iiv

(2) LESMICUEL B A BT (045 otk — 25
AR R TR L . I B
A5 08 4 8 445 K Wl R 1 T
AR, M A T S BRI 2 4 T
Eo R TRAREERIHR.

() ELMGERIBM Po> . CJR HURRL
BERMMART AT, I B R TR0



o R

EYHERS

(4) X SR T REE A0 45 R IR T ¥
BTk, RARERGERNTESRET
ZEFEBPRER T 2 IERMARE T, RY
W HLE PR T AL, K Na'HI KRR
BRI AR R R 2 b, T HEMTR B PLER
FREALERNRARR SR, HETERE
SHBT S — I .

B

bk, BAAEVMTERMEE. TOE. IR
RE/LLZIMELRER PR DB E1ES ! i
EYTRELK FRTFZIMELRMSRE L
LYHEH!
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Studies on Production Technology of
Mix-material flakeboard with Cornstalk and

Beanstalk Subtitle as needed

WANG Qi !, LI Song, HU Xiaoli
1. Jilin Agricultrual University, Changchun, China, 130118
E-mail: wangqi-1963@163.com ;shangguansong@yahoo.com.cn

Abstract: We chose cornstalk and beanstalk for materials and the tannic resin for experimental
glue to make flakeboards. The best mixed proportion of cornstalk and beanstalk is 60: 40 through
the single factor experiment. The best technical conditions of mix-material flakeboard with
cornstalk and beanstalk were obtained through the multi-factor orthogonal experiment. The
quantity of tannin resin is 11%, the quantity of material is 0.9g/cm?, the hot-pressing temperature
is 135°C and the hot-pressing pressure is 2MPa. The board met the requirement of national
standard. The research showed that the quantity of material and resin consumption were the most
affecting factors.

Keywords: Cornstalk; beanstalk; flakeboard; processing character; orthogonal experiment

ERERS TR TR R

F H, F o, VIRW

L #Rl R, K¥F, FE, 130118
E-mail: wangqi-1963@163.com ;shangguansong@yahoo.com.cn

 T|: ARRRRESSREAmIBA. ot TR IFEA FERATHAM, BL LR
X, MEERRL 2 RROBMA LKA RESWH A 60: 40. FiBLETKE, 4%
BT HREARFAGERBROIBROAELI LAY, FEREILEM: ARES
11%; #H-EH 0.9g/cm?®; #/EBREH 135°C; #AEAE A H 2MPa, A AR LA BHT.
R ERMBERERSIRRISNGENRELZRAE.

XA 2R, af; MR, RAEIEEM; ERE
Fifi 5t AR AR VR IO B AR B, LA AATIER B FWGIE N SR T A . P ERE R

PREHIE BN R, A IR AR 2 2 ] KE, BFRETTFEE, EEF~FRRED
Hlle RAEYIFEFTAERE R LR N 38 — AR, FEFFIE 7ML t, & SRR B EK 20%~30%.

HHREERKEETBHINE HE%S: 06-N02) .
LER, &, &, WA, SR hE: REFWLAESHE T KA.
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Tk, KT RRENEEREY, LLEE hbi,
FORFMHERLL 4 300 /5 8, BAFRTASFT =& 0.7t
A, FRREFARL 3010 J; Ko HHEER
251000 fiE, EEGHmE 026t 14, GF
ML 260 77 t. ARB A E KRR SRS TE R
SIHIRRLAMO — LA HE, BRR A IR FIAR
&AM BURE L, AR A5 BRI I T3t e
HO LB R E T 88, TN TR
& RPN TR T S S H IR0,

1 REMBISAZ®
1.1 RIeH R

TKAE. TR RET H R F AR
o, RFRLRMAMEN. &AL XTHIE,
BTN, MR TR, mAR
RO,

1.2 REHZE

FHRSF R T Z R F

il
f**ﬁ_’*’;}_’ ﬁ—b-:f:—b Tiﬁ»%—b 2 —»ﬁc
R OB E R R % E @

R A M e IR 2 B ) TR R E K bR
GB/T4897—92 #1T. ¥EH 4 TYFE f1 241k Redi
PRER G BEp. R HRSRAE MOR. W454981¥ IB. 2h
WK IR R TS 18 il e i H .

2 Rt

ARRAs TAKFEEFOR RS MR A, i
ERFTRMERE, FIAERARENGAHERS R
B, A —E Bl SR RITE. %
WEHN T ZSH, DBMER%ET AL ERKA
HAZER THARZRR, WRERM K%
tERE, B4 TAIERERC L, A5 AN EwFs
FrBE RE I % R & R E A% .

21 BRFRAR

BRI F FHE LR 100, BHEFERLK
WG RN 2 FIE 1.

Table 1 The fixed factors in experiment
£1 RREEEF
WER | AEE | SRR

i Ko - i3 pI] | EEE
Quantity ) Hot Hot Hot KE
.| Density/ : : : .
of tannin e pressing | pressing | pressing | Humidit
cm
resin/% temperat | pressure/| time/ y/%
ure/ C MPa min
11 0.9 135 3 8 <8

Table 2 Material proportion and testing results of
single-factor

®2 BRRABFERKLESMRER

G BXARER
(R , 20:80 | 30:70 | 40:60
Beanstalk:Cornstalk(weight)
%P  Density 0.866 | 0.860 | 0.908
F#I9EE  MOR 12.40 | 1320 | 15.80
WEERE  IB 0.19 | 025 | 033
2h WKEERKE TS 750 | 490 | 4.10
G EXRER)
50:50 | 60:40 | 70:30
Beanstalk:Cornstalk(weight)
¥ Density 0.941 | 0.922 | 0942
FihiEE  MOR 16.10 | 17.50 | 16.80
W&E=E 1B 023 | 033 | 028
2h WKERKE TS 500 | 870 | 5.20
MPa
20.00
O #pt 5 F
15.00 HL/D/‘“—U’/D——D o
1000 < X2hipfkE
5.00 ¢ X )(/ \x A HLES
0.00
(5.00) L  GfERtE R

020 030 040 050 060 0.70

Figure 1 The trend curve of flakeboard capability
and target

B1 TRt a s E

HARFRRRIMRERE : SRS BRE—T
EFE PN, R IRAE N . MEOKRE S S ARG
A 70:30 B B IE REFEAREOE RAR R, ARcHh
60:40 HY P REFRPREEAHE 2 MARE K, Frl#ATE
BCEKRAE 5 EASRITERCEL R 60:40 fUEATIRE: .

2.2 ERRE

i XM A PR RERE BRI . %
LR, $URBRAE. #URE A RERE LR AE
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F MR E R R IR R

TR ZE L SR 1.5MPa, TiERHAA 1min, el
2.3 RIRWERE

JERNE K Jy<8%, #LHTIA] K 8min), ZEHEIE EXRBERS I

TIRK (WK 3). IEAT A5 25 3R B W4 07 & K %% R & 0 75 #

WA S 2E e A R R B LR 4 K 2~

Table 3 The leading factors in Lo (3*) multi- factor

orthogonal experiment K 4.
£3 LG EXRERAR Mor/MPa Mor/MPa
L - ; ; 18.0
g |t MR, onglC PEEXD MERS 17.0 g
E? 1% /(g/cms) Ic MPa 160 165
i Quantity of Density Hot-pressing | Hot-pressing 15.0 }i g
- tannin resin temperature | pressure 06 07 08 09 "8 9 1011 12
' #HE/ (gem?) Tt /%
1 9.0 0.7 125 2.0
2 9.0 0.8 135 3.0
3 9.0 0.9 145 4.0 f‘f_%”Mpa llgl_‘(’)'/MPa
4 10.0 0.7 135 4.0 16.5 / 17.0
5 10.0 0.8 145 2.0 16.0 16.0 ‘\/
6 109 0.9 . 3.0 320 130 140 150 Y5 25 35 as
7| 110 0.7 145 3.0 BAE/(C) I J/MPa
3 J1.0 9.8 125 40 Figure 2 Relations between factors and MOR
- L 10 ) 2 SEXSHHBEMER
Table 4 Intuitionistic analysis table of testing results
F4 REEREUIR
R K 5
A Test NO.
Item
1 2 3 4 5 6 7 8 9
0.785 0.888 0.932 0.842 0.896 0.904 0.771 0.859 0.958
pl(g/em®)
MOR/MPa 14.8 15.1 16.8 14.1 16.2 14.6 16.9 18.5 20.2
IB/MPa 0.33 0.22 0.18 0.20 0.18 0.22 0.34 0.26 0.35
TS/% 5.0 24 44 4.8 4.5 34 10.4 16.0 94
A B = D Ee3 BT R
0.868 0.799 0.849 0.880
P Ky 0.881 0.881 0.896 0.854 BCDA AB3C:D,
0.863 0.931 0.866 0.878
R 0.018 0.132 0.047 0.026
15.6 153 16.0 17.1
MOR Kj 15.0 16.6 16.5 15.5
18.5 17.2 16.6 16.5 ABDC A3B3C3D,
R 358 1.9 0.6 1.6
0.24 0.29 0.27 0.29
IB Kj 0.20 0.22 0.26 0.26
ADBC A3B,;C,D,
0.32 0.25 0.23 0.21
R 0.12 0.07 0.04 0.08
3.9 6.7 8.1 6.3
TS Ky 42 2.8 5.5 5.4
11.9 Sk 6.4 8.4 ADCB A1B2C:2D:2
R 8.0 1.0 2.6 3.0
3?5‘*%%%75% . A3B3C2D;
Multi-target optimize project
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IB/MPa IB/MPa

0.28 033
028

24
o 023

0.20 0.18
06 07 08 09 78 9 10 11 12
I/ (g/om’) R /%

IB/MPa IB/MPa
0.28

0.29
0.26 0.26
024 0.23
0.22
120 130 40 150 W55 a 4

RE/(C) H71/MPa

Figure 3 Relations between factors and /B

B3 FEERSALSSREMXA
TS/% TS/%

e, TS/%

8.0 g
6.5 &
5.0 5

1

120 130 140 150 5 25 35 45
REE/(C) £ #1/MPa

Figure 4 Relations between factors and TS
B4 BFERSWKEKERXR

B 2~ 4 "TnEAPERETEPRRERR 4 &
e PSSVt TNEE PN SE RN TP P q e )
FEAF AR GRE TR ETRS, B
T () TEVARE TR IR - 43 R R TR
KRR BT+

3 G

(1) BAFKRAS. GAEA R & I RS FAAR,
RETZEHEY, LA BAE R EK
GB/T4897—92B Ul L AR ARAE ) B 3K

(2) Wi PR FERE, € EXRBRE SR
BHMERXBSEREa T ERSEERE A
60:40.

3) EEEZ KB EXBERE R
MMM TR EETSHERMER: HKERN
11%; #EHRA 09g/cm’; #JEIERAEH 135C;
#IE K J1 0 2MPa.

(4) FEH B BRI S RS FPAR, BT LA AR
UE™ G R, SOJR/D T X A P B R F PR R 9
o3, FETHREXK.
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Advance in Production and Application of

Cellulase for the 2" Fuel Ethanol Production

Yuxiao WANG!, Mengjiao DONG!
1. Xuzhou Biofuel Engineering Research Center, Xuzhou Institute of Technology, Xuzhou, China, 221008
E-mail: wangyuxiao@xzit,edu,cn

Abstract:  Lignocellulose, represent a large number of the unused renewable recourses on the
earth, can be utilized to produce bioethanol (i.e. the 2™ generation fuel-ethanol) after hydrolysis
and fermentation. Currently fuel-ethanol is able to replace partly or completely petro-based fuel
for cars use. Cellulase, a complex enzyme system at least including endoglucanase, Exoglucanase
or cellobiohydrolase, B-glucosidase for enzymatic saccharification of hydrolyzing cellulose to
glucoses, is now more expensive for its high cost of both production and application, which
impede the commercial industry of the 2™ generation fuel-ethanol. This paper reviews the status of
both microbe strain such as Trichoderma reesei and Aspergillus niger and main processes for
producing cellulase, and states the major challenges for low cost cellulase production and
application and the future prospect for the 2" generation fuel-ethanol production.

Keywords: cellulase; production; cellulose; enzymatic saccharification; cost; challenge

F_RBRE Z B2 7= A4 R B RY & =0
Rz A SRR

EZ'C AN §3:8
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i B ARAALEFRANRRELABASAAG—ETHLARR, AR ZLGF HREE
WAEMKBETAL * TBE, HLAKE R TER(BF F AR BT A3 5 R 2 2B ARA
MEFRBA, BEAT AN EHAFHLHN. HEEHL— LB H B R AR
AR 0 BBl A 0 B4R, HAEH 0 A AR R AR TEE R A R AT
— ALGET H T84 T A (L KAKRE Trichoderma reesei #= 2.8 & Aspergillus niger)
Aok FIL, URHEHESRKBABELT THOGIK, REELBMNEIEH LB, HF
RETHRBHEEMF.

KEBin. HgEss; £7RRK, FRE; BRBL; AR X
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