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Abstract; The study use rice straw as raw materials to investigate enzymatic hydrolysis. The effect of single cellulase system, single B-glucosidase system,
and mixed cellulase/B-glucosidase system on reducing sugar were determined the optimal cellulase/B-glucosidase. Based on the optimal cellulase/S-
glucosidase combination, the effect and kinetics of different types of surfactants/ionic liquid combination on the enzymatic hydrolysis of rice straw were
studied. The structure and crystallinity of the rice straws before and after pretreatment were analyzed and compared by composition analysis, Fourier
transform infrared spectroscopy (FTIR), X-ray diffraction (XRD) and Scanning electron microscope ( SEM). These results showed that cellulase mixed
with B-glucosidase exhibited a high synergistic effect. Under the optimal system, surfactants/ionic liquid combination pretreatment, rice straw after 48 h
enzymatic hydrolysis exhibited improved conversion compared with untreated rice straws (40% ~85% ) and treated using single ionic liquids ( 10% ~
31% ). Pretreatment can improve the reaction rate.
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#,2008 ) AR A A= 1 BUAE P Mk B (2007—2015
) AR R E AR R AER TR 6 1 t,
Horbr 50% K HAAEY) (FEH ZFEHF | EORFEFFSE).
AR BTEF Yt R A TR AL 1 5 A IR K fidk | i K fie
TG A (AR ) HC v et DR B SO A% AR
BRI REFBAR . T5 e/ B Tl R A SRR
S HH BT R K i BB K A Tl K i T L AR A
(Zhang et al. ,2004; Berlin et al.,2006; Yang et al.,
2006 ; # #5545 ,2005 ; Huber et al,2006) .

ToAb PR A W) ST AR 7 i B v B B A
PR R B RERBCIR A Jo 21 4 3R AR I 2 B v o 45 4.
AL BET5 vk A W) BT VR (ANZE IR BR AT Ve O
85) AL R (AR I A AL RIS ) (Sun et al.
2002) , AR X P 2 5 KR AR BE 2 5 A o £F 4E A1 RL Y
B OR (B 23 A7 e A FERE & RCRAR Hoad 72
T YA Hi A [B) L X DL T AR R ke, 7
SR A AR AR A X — 25 Ak S e /N
B ATAE R B IR A LR A A B R AR
Wy S5 AT AL B AAC R B BRAR . 5 A G0 Ak 2 i SR AR
Lo, B TR B A 5 15 kR E TE R e R e
PR AR MERE TR 5 T o0 B B ORI A]
B A5 . B G B 98 0 R IF B AL TR R —
AR 1 it A, 2 T R B, DAL RG , JBOR 8 22 R IE 5 T
e ) TR GRS 2R TV 1 0 o B 2 A
AR g FAL BSR4 A 52 380 5 T B B R (1 [ 5
45 .,2014).

AR LT 2 A4 e T A 50 3 2 OF 580 T TR R Joi
LT YERR B 0 RRAL ] | TR RO R 4 i
BA EEE CI  AEE  FFEAT 4t R T B-
T BE T Bl S A FH B BB () A P RT e AT 86 A s it
W7 e ) ), LA S e A A 2R, O W90 3R THD %
TR 5l By 5 R A L Ak ) R AT A S A AR R R
B T i h ) o, e aE O g o AL 2L AN O T
(FTIR) X-SEAT5T 3 BT (XRD) 54 iy, 7 ok
Bi(SEM) 45 43 B T Be #F 5% 991 4b B0 Fed AT 04 25 4
k.

2 R 57 7% (Materials and methods)

2.1 EBAH

AR AR AT e R RN R RS, SRy
ARIR 5 A A EARK FEFCRIT REA AL
T e AT B B SE g A 3 (B £ 25°020132.79”, 2R
28 121°360'47.40", 4K 5 BE N 18 m) . e B AT I

ERJE AT TR B BIF B 1oy BV A A4S R ST 50 R A .
WA RS FEAAAAAE % B sk s v PR =R
PRAT . PR o) A8 e A 2R A 7 4, A9 380 S 0 A B G
FERY A L AR 31 B B 5 1t 43 1) Oy B AR KT 300
mm 5 3.39% , kit 150~300 mm Y 5 47.95%
RiAEH 106~ 150 mm {5 15.52% , Rifeh 75 ~ 106
mm [ 5 20.57% ,Kif2/NF 75 mm 195 2.63%.
2.2 EERA G

TR s - 1T -3 F Lk ([ BMIM ] C1, 4
& 99% ) W [ i R e Ak T4 BRA A+ e 26
RN (SDS, 4l B >65% ) W B 11 28 30 BHE B A7 R
] oS b B = B AL Bk (CTAB, 21 >98%)
5 H Sigma-Aldrich ;i 80 ( Tween80, 4 i 99% ) |
fii$738 100 (Triton-X100, 4L 99% ) | FRZA=HEAR (4L
J& 99% ) W F B4 T 23 ) 5 i (NS22086 . NS22118)
) H Novozymes 2\ ).

X A#% : BSA221S B L+ K7 (18 [E 38 2 A A
F]) ; HC-3018 Yk & AL (bRl o AR 22AY
FABRA ) 5 MS-100 #9535 TR A48 (AT N BB Y
AABRAF) ;UVIS6CRT RILEAN AT WL A6t 1
( BB EHL R A BR A ] ; Nicolet6700 {837 1
LAY (S ETEER /R BHE A A )  Ultima X-
SHRATIAN ( H AR B2 ) 5 JSM-7001F 494 1 7 8 73
Bi( HAS JEOL A H]).
2.3 KRG EMEFAE

FRE 0.5 ¢ REFFINA B BRTE ZE M, A
5 ¢ BT WK B 19 1Y 2 TE 15 M R (SDS, CTAB,
Tween80 , Triton-X 100  FRZEHENS ) 5 B T W AR 71 Ab 2
FEATFRT B B TIAAAE 120 °CF 4 30 min, I AWt
P4k, L& bR B 7 W AR 59 7K 43 ( Nawsha et al.
2013) SR JE BT RE PR b 7E 110 C &R T
FE1h, A 45 mL 25 FK KBRS WE T 50 mL
BB LA 7000 remin”! B E B 15 min 523
BB LR A SO E DY, BB 1K
E R, LBRE TR, E 60 C A THEE/D 18
h, BURFRE , B8 2 F — 2 .
24 FABWEORARAEZALEL

¥ 2.5% (m/V ,mg/mL) {9 HE 451 E B FR ECF AL BE
5 R AR RE 2 501 B T 50 mL HEFE LT, A 0.1
mol- L™ pH=4.8 ) #7152 R 2% P S VROFT 100 wL
0.02% & AACENEE WL, 557, 153 0 I A K i i 50
FPU-g ' (L1 4% ) K 40 CBU-g ' (2 BE L ) |
BT (50.0+£0.5)CHEAKBIRG &b, 5 R
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150 remin™' 43 K1k 24 48 72 h. 5 I 5E B8 1E
13500 r-min™" T &0 5 /K W, BURE F DNS &
B Tid JE s S B AR AU (1) HHR L 4R R
( Worasuwannarak et al. ,2007).

¢ XV x0.9

R = x 100% (1)
(Mg + Mpguz) X m

ot R MEFYEFALHR ¢ N 72 h 5 R AR A RO
WHE (mg-mL™") |V RN REARF (mL) g REF4E
B PR, m ARG REFT E (mg) .
oA (1 R I A S 0 — A R 2R R 3
FHR N ZR |, 2F 4 2 i 2 h 2 PR & 4 R, J2
LA BRI B 2 2% i 2 MR A0 Tl I B A AR [) , £ 4
R FEES N 3 Fhel oy H R BEN VI (EC) (A R
WESNIE (CBH) | B-1 2 4% 11 i ( BG) ( Lius et al. ,
2007) 3 & b WA~ 20 BE (B & AR5, 2010) ¢ £F

E,(EG+CBH) E,(BG)

PR S LY A

R T ST H Bl Sy A A B T Ak B R L
FRVEAN T A AR R QO F5AL 5L 04 AT il ik 2 7
S B2 2 TR 0L 2R A S 7 5 D TAL 35S e R
Tit ik H 1 2T 24 3R T il KA R0 AN R K St T S
L TR Bk S N A v, 21 A 3K W E T 2 — 1>
S AR, AU SROBE A 7 A DR Rty R 3 T
PEAR Ui Y 2 AE 2R HID) A SR il 31X 26 R 38 J P R
Uity ARYRIK A A AT 2 W, B8] %6 B 1 g OK i £F
o MR R A E o T @R EE L RAE T
PR R R AL ST DL BB , 254 Sk
(B ZAR5 ,2010)  FRHDL R 7L

de kEy(c, = ¢)

EZKm[1+(1/K1)c] + (¢, —¢) (2)
o, e HIB RN B (mg - mL™") |, ¢ Ry b Ak B[]
(min) ,k ﬁﬂﬁ’f{ﬁ%ﬁ'ﬁ( min~! ),E,=0.45 ¢, N
oAb 3 AR A BOE SR B (mg - mL™) LK, K
FCH A (mg-mL™") K, Ry Py il 4.

FIF Lineweaver-Burk EAEK , B Michae-Menten
I

ko (3)
Vv VvV, [S] V,

1 1

Vo (de/dt)

K, K,

v, DIk, “
11

V., kE,

Arf, v, IR 3R (mg-mL ™ min™" ), [S]H
VIR Y (mg-mL™") ; 1/V 5 1/[ ST R4 pE %
Z VL1V RS 1/ [ ST R AR BN 1/ Y,
BERK KV, HE VK,
2.6 A LIE

T AE 21 4 2 Dbt i e ol R B 2 4, IR
ST A B 1Y) 2l ) 2 R AL 5
BEAT R 25 5, % T4l 38 25 4k 32 bk i Ak 1) ik
TR VB 8 i . SL. PR, AR 1 ) R R )
AT, AR L 2 AT (B B AR
4,2010) AR HUR Y e B 43518 5,10 .15 .25 .30
mg - mL ™" I A3 T A B A S (4903
PABGAFHT 30 min 3 JFORHAE B BE D R ek )
27 KA ERM B KL E EH o
271 FAEMERFGEM RS2 R
FHBS TR £ 151 TN R 40 12 0 7 5 FF rh 4R e R A
NLF YR R 72% W B R vk I i B AT R OR BT R
(2% ,2006) .
2.7.2 TALFE AT G RS 4 F AR FTIR 247
B 1 mg TALERT IS ARSFFRE TS SR )5 5 300 ~
400 mg T 1) KBr HoK 2R A, RIS 24555
FER BRIk, K BGE B R, L KBr 25 A i
fER 2 L 43 4 20 40 6 %, 3 438 B S 4000 ~
400 cm™'.
2.7.3 TR G AR 4 % % Ak XRD 447
KH Cu 74 X B4 45 R 40 kV, 870 20 mA,
A 0.020 s FE S B 45 R 8 B0 R T
#2 ( Nasirpour et al. ,2014) $E471 15

L, — 1
CRI =2 ™ % 100 (5)
002
kA
C, = (6)
By cosf

X, CRI 45 TR B, 10, 0 d AT S A KB 3,
Lo HTE 20 = 16.6° I} BT 569 58 B2 5 €N ks K1
(nm) kb ABHREELA R XFLIK (nm) L0 N1
SHATE (rad) , B N IR S8 (rad) .

3 R 51718 (Results and discussion)

3.1 SR G- AR B R AL A AT
ARG RS p-a Tk EAS S
0.025 g+ L™ A REFT Sz i 77 A 3 I AR AL an 1l 1
Frzs NI Ta 0] LU Y, 24 B-7 4 B 1 il vk J32 ] 5
940 CBU - g "B, 340 JROME 7= i il T 4k 25 Tl vk i 1) 344
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TNSERE MG, SR 2R 3 inE) 60 FPU - "B,
it e s W 7 e S T T o, Ul I 4 4 3R Il vk R
50 FPU-g ' Ji , 4 I £F 4 25 il vk 132 I i 14 Jon iy i
RO X AT R TA4ER RS i, S R HE RS
F4) | £ 2 25 3% T W 5P 4 A 2R 1 R A R 7R K
VSR T S S if | 5 3 I 9 AU R I ( Zhang et al.
2005) ; L AT BESE T -7 40 W S 2 3 2T 4
O WEIOT R T LT A O S 2 X 2T 4 I K
fRTE BCHR 2 . L 1b 0T UGB | 24 2 4k R il [
FEN 50 FPU g™ B}, 38 JEUA 7= i B G- % W 11 iy
HRE B 1E I 1S J5 ek, 2 B A T VR Ol 50
CBU-g™" i JEHE ™= 5t N . G D PR 1 R 2 2F 2k 2% il
ff R e R B R AR A R R s R, S EOXHB
Ay R (kAR R, 2008 ), #E T G R AR TR &
Z1 2 O A 2 - A0 T T K A R A b,
W, S — 2L BT G- 2 itk Bt AN R 1R A i
W £
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Fig.1 Effects of different cellulase ( a )/B-glucosidase ( b))

combinations on reducing sugar formation

3.2 FAFREEL B-H H ML E A R E

JR 3o 78 AT B 72 28 A B R H

EFUER AN B 4 BE M — BN T 4 Rk
LRI TSR A S TSR S N - 2 N
Or A WAL BN T R BB, BT AR O I
Bl k22 5 R R B AU 307 AR RS RS AT e 4
L YRR WK R, SR G 2o i B BT I I A P
JSA SN P R 2 TN £ 4 2 R AR R 3
JEOWE ™ ek e T B-7HA0 A M T B VR IS 134 3 DO
e, B R Y 2T AE R T, P3O0 R
BRI T4 AT 4E 3R, i L% A2 o nl YA U 4
SROBE BT 0 J0E BU 2T 43R | S04 SR g Rt AL /K
fi Do BALT A3 AR BT HIRH T A 21 4 K
itk A 7 W £ 24 3% T T B4 5 T 1 [ A T L
£F 2 K B-70 % W I 23 01 B A I 19 340 i
7 v N i R T 4 2Rl R 0 R T 4 R Y —
AW, Horh B HE T R 47 4 K i — b
A B A L R 2T 4 2% 1 K A% 2T 4 K A 1
e H T B 4 B S R AT ME R R AR
BT 2 S o o £T 4 2l (14 K TR B B
i P, 1] 27 4k 3R A R RN B B T T
JEAR R AT YE Kb JFORE A5 R Y S B i 2 — . 1
SR T AE R 5 B- 1w W A B AT D R VE .

[0 40 CBU-g ™' - M4 H RS 41

50 FPU-g ! 4F 4 K WG Mo/ F
W 50 FPU-g ' &4 Mg Bl +

40
3 40 CBU-g' B- Hi#HE i b I 16 A
~30F | H \ N
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25T § § § §
g H . \ . \
i 2.0 [ b § § § §
iﬂﬁ ‘BEEL
: C R O e
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Fig.2 Effect of single cellulase system followed by single -
glucosidase systemand a mix system with cellulase and S-
glucosidase on reducing sugar formation in time course

experiment
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¥

LR R T | 7 BEAE £ 2 R G FH R w38 5
)RR T o P, T TRl 7K Ao R D 2 A 5 A R K 1
Ry A Ak BT VR ASOR A IR ) EE S AR AL B 3
SR AN [ o 25 2 T 39 4 700 %l B 2 YRR K R AT T A
BOR B2 B T LA e R RE S % 24 h
Jo EF AR AL R ] B S B A I [R] 22 72 h IR
Ak Bt A AR FEA R AN AR | JH: 32 2 i R A B 2 B A il
i S T) A 0, A R b 66 o il O ) 2R T FE R T
Ab B AR T T 4 5 A R 0 0 TR Ak AR AT Y
LR LEREAL SR AR 48 h B, R AL BRI RS FT 41 4R 55 1
FRARMK(20.39%) ,{HZ: [ BMIM | Cl. [ BMIM ] C1+1%
SDS. [ BMIM ] Cl + 1% CTAB, [ BMIM | Cl + 1%
Tween80 [ BMIM ] Cl + 1% Triton-X100 , [ BMIM ] Cl +
1 % B 2% 0% B 100 b 21 19 A A 245 46 5% AL 32 0 5 ok

| R

[BMIM]CI

B [BMIM]CI+1%SDS

8 [BMIM]CI+1%CTAB
45% -

O [BMIM]CI+1%T80
[BMIM]CIH+1%T-X100
m [(BMIMICIH+1% F 258

40%

35%

24 48 72
B AR ]/

B3 AEMEREEETHEE TR R R AR
Fig.3 Effect of different surfactants-assisted ionic liquid on

enzymatic hydrolysis of rice straw

28.82% 31.79% . 29.09% . 31.93% . 33.88% .37.78%,
55K A B AT AH L4 3G T 40.38% . 54.85% |
41.69% .55.53% .64.78% .84.02% . 1fij 25 3% I 1% 1k 7
85 O R AR T ALD 3 A VR T A A L
R 88T 10.30% . 9. 37% . 10. 79% , 17.56% .
31.09% .3 Ut B AS 055 iy SR B i) 10 4k 34 7 325 AT A5 40
FEARLTAE R 045 B, PR R BT &, Al K R o 36 %t
RS, BN SR 4 R 5 A R0 i, 32 =

3.4 BMAZTETAEG B KELRE ) FE
Gl W G

R T SR A b AE SRS A 0 Tl K A AR R R AT
FtE 7K it 2 1 22 FEATWFSE, Hod, Michaelis-Menten 3
Ji s )12 . Lineweaver-Burk EAERE Al 15
Pl 4, b H S s oK GO 2 S5 AR 3 1 K,
Vg 1 R,

BMIM]CI+1%SDS O FKhgb

BMIM]CI+1%CTAB O [BMIM]CI

Al
X[
X [BMIM]CI+1%T80
O [BMIM]CI+1%T-X100
+ [

BMIM]CI+1% FR 2555 g

1/V/(min-mL-mg™")

0 0.05 0.10 0.15 0.20 0.25
1/[S}/(mL-mg™)

4 L-B REHE
Fig.4 L-B doubler-reciprocal plot

R 1 FREITALIE X BE#E Bh 71 2 HFAE YR A0

Table 1  Effect of different pretreatment on enzyme kinetic characteristics
Vi’ K,/
Toab#E Ty = Michae-Menten J5 & " "o k/min”! R?
(mg+mL ™ min") (mg-mL™")
ARAL T y=140.81x+16.658 0.0600 8.4528 0.1334 0.9931
[ BMIM ] C1 y=143.44x+12.402 0.0806 11.567 0.1792 0.9906
[ BMIM ] C1+1%SDS y=147.84x+9.9416 0.1006 14.870 0.2235 0.9892
[ BMIM ] Cl+1%CTAB y=124.08x+9.9405 0.1006 12.472 0.2233 0.9900
[ BMIM ] C1+1%Tween80 y=113.02x+7.5803 0.1319 14.910 0.2932 0.9953
[ BMIM ] C1+1%Triton—X100 y=109.08x+8.7464 0.1143 12.471 0.2541 0.9897
[ BMIM | C1+ 1% FRZ= A AR y=117.30x+8.4803 0.1179 13.832 0.2620 0.9770

1 1 K, K

Woyz—=e — em_ Tm
= T e V. kE,
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P2 1 AT 3 5 T A B AT DL v e R R R
FEFIK QR B K R BTS2 R >0.9, 1 B
oAk BT J52 07 T8 23 P B v A AR ARV FH 5 AR A A T
) k7 2 3 %K 0.06003 mg » mL s min™", 5 A &b
PHFSFTAR LU, FUA B A e AT il A 52 10 188 53 Rk G
B HCU] 0 K5 5 B S R A AL B L, 2R
TP 7l B VAR O Ak TR X i S i 3
FIK PG B0 I 5B S A, K (BT A S5 R
(RS T 8 55 R 8 BRI S TR AR AR B Y K, M L
RACFRREFFIY K 55 37% , 10 2 1 3 M 750 4l Bh 25 Tk
TRTAL PRAEAT ) K, X EL M B8 YRR AL 3 K
1B =5 8% ~29% e i R R RS AT A2 th 2 FLEF 4k K &5
FALL R , 6 750 A B 3k R vy | 2 T 1 790 4 T
FEFT 1 DT X I S8 At 1™ A 2 i)

3.5 WA FE A E WA AT R AT
o AL B 4 A AT A4 RS FE RO 2 R,

22 Fiw, RIGTEFF AR R R gER AR RS
i 0 N 35.36% ., 24.15% FI 25.98%. % it
[ BMIM ] Cl.[ BMIM ] C1+ 1% SDS, [ BMIM ] C1 + 1%
CTAB.[ BMIM ] C1 + 1% Tween80 . [ BMIM | Cl + 1%
Trition-X100 ., [ BMIM ] C1+ 1% F 28l Bis T 4k B J |, A5
FEA TS 2R B B 6] 43 501 42 1 24 24.98% ,49.38% |
34.76% .43.38% .50.50% 1 51.92%. H:+1 [ BMIM ]
Cl+1% 2= WENG AL B (REFT & & e 2 ok 4k
H, Hih A4i 2 Y 38.27% LA E S 22.99%,
[FIE A 5T £F 4 25 5 5 B 45 1Y 25. 98% B ik 2]
12.49% , KFREFHER PRI T 51.92%. AR K £, &
TR P A B B8 7 R A A B RS T O 25 ) R K R
RN H, MR B2 3 N 25 2 3 Ak % I 5840 Ui
FF S TR T P 700l B0 5 VAR TR 5 IR 3R A P o R
A EBRATTE.

®2 TAERIENBFLERS DN

Table 2 Chemical composition of untreated and pretreated rice straw

YR

ARBE

SCHRA IR

24.15%+0.05%
22.19%+0.05%
20.41%+0.02%

22.81%+0.03%

25.98%+0.04%
19.49%+0.08%
13.15%+0.03%

16.95%+0.06%

TKEKIESE 2016
SKIKIESE 2016
TRk, 2016
KBk S, 2016

T kb 275 2 FYi %

A Ak 3 35.36%+0.01%
[BMIM]Cl 33.58%=0.01%
[ BMIM ] Cl+1%SDS 31.94%+0.01%
[ BMIM ] Cl+1%CTAB 31.78%=0.03%
[ BMIM ] CL+ 1%Tween80 36.65%=0.03%

[ BMIM ] Cl+1%Triton-X 100 35.429%=0.04%

[ BMIM ] C1+ 1% R 2= 4 15 38.27%=0.01%

21.41%+0.15% 14.71%+0.07% LN
22.03%+0.06% 12.86%+0.12% E NI
22.99%+0.03% 12.49%%0.03% EIN T

3.6 TALHEE AT KA 4 F AR FTIR 2 XRD

il

FEFT ()45 i B R il J Sk B i R R R 2
— A SCRI AN G (FTIR) 4347 Pl ik 33 5 J5 A FF
P2 REARFAE. , pl O 000 0 T 3 2 ) By 28 1 Y Tt
Ab BT B 5 il A 25RO LB ARl £ ik I, mT
DU I AR 20 408 1o R 19 B 2R ( Nasirpour et al.
2014) 1@ 0ty370m-1/ Cgggon-1 » 77N 25 it 18 BB M AL
LEMIHEEL(LOD) 5 Dt 751/ Cpoppen1 » T/ B L5 f1 T8
B (TCY) 3= e B Ul B AR 45 e 1R 285 ot o TN 45
FFREL 3R 3 AIAL, 5 RS A AT AR LL, SR B Y
FEFT LOL A1 TCI 45 BH 5 A REEAIG, 1T 2% 1 33 12 590 4l B
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Table 3 The crystallinity index of XRD and the infrared ratios of Fourier transform spectroscopy for various untreated and pretreated and pretreated

rice straw

kb3 7= LOI TCI CRI C./nm SCHRE TR
HRAL I 1.2518 1.1306 0.43 4.8 JRIK IS 2016
[BMIM ] Cl 1.2361 1.0958 0.41 4.2 RIS 2016
[ BMIM ] C1+1% SDS 1.2309 1.1310 0.39 4.4 RIS 2016
[ BMIM ] C1+1% CTAB 1.2320 1.0204 0.39 4.5 kIS 2016
[ BMIM ] Cl+1%Tween80 1.1811 0.9441 0.42 4.2 AW

[ BMIM ] Cl+1%Triton-X100 1.1838 1.0044 0.38 4.4 AW

[ BMIM ] Cl1+1% FERZ=HEfE 1.2083 1.0360 0.37 4.0 A7

3.7 A EE(SEM) AT
Kl 5 MFEFFAE 2000 £5 T 46 F B 1L N R R
APEER] R AL PR RRAT L7 4 R4 AR B3k, %

10 um JEOL 3/30/2016
X2000 15.0kV SEI SEMWD 7.7 mm 10:17:41

[ ot
10 um JEOL 3/30/2016I
| X2000__15.0 kV_SEI WD 7.5 mm 10:20:31

- 10 um JEOL 3/30/2016 |
| %2000 _15.0 kV_SEI_WD 7.7 mm 10:32:24 |

Bs5 AEBMAESXGEHNEFT SEM B (a K4 B, b
[ BMIM]CI,c.[ BMIM ] Cl+1% 258508 )
Fig.5 SEM of rice straw after diffident pretreatment technology

TG, A 2R (B 5a) BB ES I A AL Y
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2 IR B A AN R 25 31 U (141 Sb) . i e i
S A Al 1 2 YA T Ak B A R A 2 v ) B
RIWEIR , REFF S5 F 245 HEOIBARS | 58 &7 A
GRGE L IRINE Sy IR SIS TR A INE AZIRON
(P 5c) , DT £ 24 22 5 1 vl R B2 8 o, 488 v T
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4 &2 (Conclusions)

1) AW FEAT 0 e e 21 5 8 . 4F 4 K il 50
FPU - g™l B- i W i 40 CBU - g™ ' . 2T 4k K i
A T B %) 30 D AR 7 i v T B 2 W Tl B A
(A3 JOE = i, £F 2 R B4 28 W T B [0 4
IF Ll 27 4 3% il F1 B 4 AR il 53 0 S VR T £
W

2) EPRIVE FH B Bl A Z= b, 5 R LR R AT S B
B IR FAL AR Eb, AN ) 2 1 1 0 B R
PRTFAL RS AT 7E il /K f# 48 h )i 21 2 5% 1k 54 51 18
T 40% ~85% 10% ~ 31% , 11 .38 i< 75 4b FH fiE 4%
[E35oNIAEL S

3) FEFF L35 e 4h SR B ST I M 7] S B g
TSR R SRR A R BRA TR 204h
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VR TIAL 35 AT AU AR S B R R AP e R S5
255 RO . SEM BB T IREIE 5 & L, b B 11)
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I AE T2 25 55l mT S s n.
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