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The physico-chemical properties of rice straw after different surfactants- assisted
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Abstract; The pretreatments of lignocellulosic materials are important to enhance the enzymatic saccharification. The effect of different types of surfactants
(e.g., cationic, anionic, nonionic, biosurfactants) on ionic liquids pretreatment performance of on rice straws, including conversion rate and hydrolysis
initial rate, was investigated. The structure and crystallinity of the rice straws before and after pretreatment were analyzed and compared using composition
analysis, Fourier transform infrared spectroscopy, and X-ray diffraction. The results show that compared with using sole ionic liquid, using ionic liquids
combined with surfactants elevated the rice straw conversion rates. The effectiveness of the surfactant in ionic liquid combinations, is as follows:
biosurfactant> nonionic surfactant >anionic surfactant—, and cationic surfactant. Compared with untreated one and those treated using sole ionic liquids,
rice straws treated using biosurfactant-ionic liquid pretreatment exhibited improved lignocellulosic material conversion rate by 55.30% and 22.03%,
respectively.
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1 5|5 (Introduction)

Bl AN AT AR RE R Y H #5408, 7 RE el HE L fR
PRSI RE H 25 = K, 25 B 4 2y SR IO S50 Tt
Jil A=y S RE =\l i & & (Lin and Tanaka, 2006) .4
Yy ST AR 7 5 ] BE 8 B ARG 42 3k 2 1 0 2% fik BB
TG, 2 B 2 BRI ST (Asgher et al., 2014). %
—ARA W) T ) 32 R TE M R AE W) RO AR
Yy, G0 KRN H RE S R T AR R X SE VR, 23 i
PGNP, SR A G (TR SO AE ,2014) .
YR TR A O, FEFRE N A BT LF
YeRIAYIR X AR A R A, A%, A
AU S5 M LM Az 7= BE R 30 AT DRI AR 7 hiAR . T
IR BEA I T ) 246 R ER 3 i i A 5l 7, A
FHARARARG , AN AN o8 o 8 95 ) VR 2, T EL X 3R 58
T AR 75 B, 27 RE A L AL R 2R Rk, A5
SEpEFEYIAR BN ZEG A R O i O S E AR X
AT AU, 2 H ORISR B, th TR BZR
YRR EA 5 2% 1 25 A, G52 o ol A IOCR, , B
I8 JEEES {1 >R ( Nasirpour et al.,2014).

ToAh PR A W) ST AR 7 i A v B B R
PR R B RERBCOR A Jo 2T 4 3R AR 52 2 1 v o3 T 45 44,
AL BET5 kA W) BT (CINZ8 R B R Ve R
) Rl 7 vk (AR e A HLE 45 ) (Sun and
Cheng, 2002) #RE4 iR A 57 21 4E A4} 10 Bl ik OR
TN I FERE & ROCRAR B RS e 88
J AR ), e DL Tl AT PR T SR — R
JAAR BCERGE X T — 2D Wil /N 7 125 8 1 IR
s EAA T T TITAL BEOR BT 21 4E AR R, O B
BA R sjtete AR AR XK
23 SRR E SRR AR AN AU R Mk 1 AE G R Y ik
Bea, T EL R R A & T 21 4 3R Tl 19 1 FH ij 5%, B 2F
AR Tl B T B — 5.

JETT AT I 3 B AT T VAR T4 K BT 41
AR (Qiu and Aita,2013; Shafiei et al.,2013) ,{H
SR FRTHT TG PR R K G S VA A Sy FUAL By i
A B (Qing et al.,2013) .3 1H i 4 7] B A 3R K M
FNBR A PSS, 38 52 42 2 8 7K i AT 1) 5 7% R AR
I BT AN S S TRy 501l P A
TR T, B 5 BH B 2 1 3% 1R 0 TR & 4
R ARH P i TR O R R Y TR ( Zhao
et al.,2004) , AL T 6 P4 700 70 A B £F 4 2K AL B
J7HE A AR 4 B T . AR 9T B9 2 H B9 S o

[ AMIM ] Cl 1A AN [) 2 1 3 4 7] Tt Ak A Jo 2 4 4
o T8 i 1 280, O sk 43 43 FTIR  XRD 4547
Br, T f THUAb BRI I A T 2T i b4 R iy B4k 2 R A

2 R 5 Fix (Materials and methods)

2.1

ARSI B AR S5t £ 4 2R DRk A R RS A R A
FEREROEA RN 5 A H B9 HARREK , X BERE iR
KT G4 G AT Je i 58 Be 19 SE 56k 3 (db 4
25°020'32.79", PG4 121°360'47.40" , 14K 2 i 7 18
m) FEEAG RIS 2205 SE AT KT A B AR R R
RIAS YR S AR . K A R A A A A B Y SR
4, F AL S IR ORATE . FH I 07 0] R S AT R4 T 0
3 A5 ) SR RS AR SR 1R R AR Vi Rl B L
HA R KT 300 mm B (5 3.39% ; Ki4E R 300 ~
150 mm 9 (5 47.95% ; ki 12 R 150 ~ 106 mm fJ
15.52% ; Kife 106 ~75 mm B4 5 20.57% ; Kife /N T
75 mm Y 2.63%.
22 EHRHHEENE

S 197N -3 F LR ([ AMIM ] C1) (1
BRICAL T A PR T ) 99% ; -+ — e BB R 44 ( SDS)
( LI ZREBHE M A RAF) 65% ;75 ki =H
FR AL #% ( CTAB) ( sigma-Aldrich ) 98% ; i i 80
(Tween80) (BT HZ T ) 98%; i H7 i@ 100 ( TritonX-
100) (BUHLT ) 98% ; ERZA=HERE (FTHL T ) 98%; 3,5-
TAHFE AR IR (AR TR Je Ak TR ) 98% ; il
(NS22086 \NS22118) ( Novozymes 2\ H] )

MS-100 BIE TR AL (BT BLBA 28 A A BR 2
A]) ; UVI56CRT FUS4h ] W4 S B v (i fh B
AL A BN T 5 Nicolet6700 {57 H-21 486 %
(3 EFEER R RBHE A R 5 Ultima X-5F 42 A1 5
(AP
2.3 [ AMIMC ] Cl Ft & % W 78 P 71 T AL 32 K 4 4

A

FREL 0.5 ¢ FEFF A B SR ZE - rh,
A5 g BT B 1% TG R, B IR A AL
FHASFFAT KB T AARLE 120 °C F AN 30 min, H-A
Wit , B A2 25 B B A T Y 7K 43 ( Muhammad
et al.,2013) . 8 TR PiHEAs b 78 110 CF4F T
FE1h 5, A 45 mL X8 7K IR GWE T 50
mL B F L 7000 remin” B HE B 15 min 5
OB R LR G

BWCRZUC0EY), 258 KRG vk, 2R
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TR, 7E 60 C HZ T2/ 18 h, JUbiffE, B &
T2 T
2.4 KR AR A AL R

1) THAL B 5 A AT 4R AR 1220

FEAFheF g R P aF 2 R MR iR i I e T vk
(AL FTHEEE ,2006) -

TSR £ T2 0 0 S TR A 2 TN 21 4 25 25 2T
PR (. PARE=LGKR-TFHE) , 2% K5
RN E AR R

2) AL FR R 5 A AT 4 Z PR FTIR 2047

W1 mg AL B 5 0 AT RE S AF S SRS 5
300 ~ 400 mg T4 KBr ¥y K MR A, 985 T IK
WFBE 4545 e B 2ok Sk 1k, 8 HH & B A, LA
KBr 25 1 H1E 05 LR LT AM6IE . 334575 Fl4000 ~
400 cm™'.

3) Fiihb PR R A RLF 4k R AR XRD 2347

KA Cu 774 X BFER 45 R 40 kV, I 20
mA A 0.02 (©)-s7'HE 5L A2 L 5 50
N 7R ( Nasirpour et al. ,2014) 4715

1 002 =1 AM

Crl=

1002 (1)

o, Crl e 45 5 BE 18 B, 1o, 42 TR AT 5 B K5
JE T JETE 20 B 16.6° FIRT SR
_ kA (2)
Bgcos
o, Cs FoR BRI, b FoR R R, A R X-
SRR (A) 0 SR M, By Je i K5 .
2.5 TAEWEWARS % EREEEL
WERAFREL 0.1 ¢ T0AL 2R i J5 R AT 10RE 4301 1
25 mL B, A 4 mL 0.1 mol-L™" pH4.8 AYFY
BERZE T WA 100 WL 0.02% & B AL NI W, 75
5], FETIN 50 FPU - ' FEFF (SEBRAEG 250 FPU-g™!
LFYE Z W) M 40 CBU - ¢ ' FE FF (L BRI 320
CBU-g™" #i% M1 E) , & T (50£0.5) CHEEAKE
PR g il 150 remin” T 0.3.6.12 .24,
48 72 h. JZ B 5E 54 FE 7000 1 min”' B0, 15K fif
V0, JBORE FH DNS 22 35 43 AT 38 DR A 2, 1T 41 e
AL ( Worasuwannarak et al.,2007).
Gifepfk= O 0 (3
(Mg P opspsgeze ) X
K, e Fm 72 h ROV SR JE MR (mg-mL7)
V FR R SRR (mL) | p BRAAEE Y
R A (%) ,m Rl R AR (mg) .

Cs

3 ZERE54%9#(Results and analysis)

3.1 FREMEXRETEMFKAS S FRAE AT

B %

B 1R AR AL B BB T AR ([ AMIM ] C1L BH
B R 3R IO MR- TR ([ AMIM ] CL+ 1%
SDS) . BH &~ 250 2 1 336 4 770 - B 3 AR ( [ AMIM ] Cl+
1% CTAB ) | E & + & 3% i 3 M 7-85 + W IR
([ AMIM ] C1 + 1% Tween80 . [ AMIM | Cl + 1% Triton-
X100) A= 135 10 7 1 550 - B8 1WA ([ AMIM ] C1+1%
SRZME NG ) XA AT Bt A i 52 M. p JL 1 AT BT AT 1
FEAM O h 21| 24 h 272 5 A0 32 B g T, K il A
BF[E] 28 72 h A YR AR AR R AR L 3 2R A
AT A B A Rt A T B ) 38 0, A R v R T il 2 2
THFEI; UL B A RS FT 27 4k e Ak R 0 I v T R Ak
PEFEFF LT A 5% AL R ZE W 72 h B, SR A F
FF [ AMIM]Cl,[ AMIM ] C1+1% CTAB [ AMIM ] Cl+
1%SDS [ AMIM ] C1+ 1% Tween80 . [ AMIM ] Cl1+1%
Triton-X100 . [ AMIM ] C1+1% F 2S48 b B8 (4 G AT 4F
Al AL R 4y B K. 16. 16% ., 28. 24% . 33. 80% .
31.56% 34.76% 33.22% 36.22% . | A= Wy 10 1%
PR -2 IR AR AL BRAGFE O £F 55 A R de i, 5 R AL
PR BAp B F R AL HERS FF 4 ) B 55. 38% Al
22.03% ; AE 25 BRI VL - 125 1 W A b BRAR T 1)
LT YRR AR IR 2, BH B - 75 2 2 18 39 - B8 Y A Ak B
FEFT B LT At A R I I 3 1 A [ F 2H 2 1 0%
TR A B T IR AR A BT T 100 T e Aoy ok 8 25 SR R B
A= R T P R - YR AR Ak B T 1 i ) e
e, LA AL P it A ) 3 v 1.6 A5 FR Uk T UL

40%

35%

30% -

—=— Untreated
- [AMIM]CI

—A— [AMIM]CI+1% CTAB
—v— [AMIM]CI+1% SDS

I}
2
B

Cellulose conversion
13
f=3
X

—— [AMIM]CI+1% Tween80%
—< [AMIM]CI+1% [ Z=¥kEfg
—— [AMIM]CI+1% TritonX-100

Enzymolysis tiem/h

E1 ARAMERAFENREEFREMBETBEIRN
20
Fig.1 Effect of different surfactant-assisted ionic liquid on

enzymatic hydrolysis of rice straw
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PR TG P 59 - B 1 9 MR Ak B R A M) TR AT
SRERAS A, P e MR ACR
1 AREFATRTT ok TR A E AR B

Table 1 Enzymatic hydrolysis velocity of rice straw at different

pretreatment
Methods lnitia} l'ate/ "
(g-L7h7")
Untreated 3.984 —
[AMIM]CI 4.493 1.128
[ AMIM ] C1+1%SDS 4.920 1.236
[ AMIM] Cl+19%CTAB 4727 1.186
[ AMIM ] C1+1%Tween80 5.153 1.293
[ AMIM ] Cl+1%TritonX-100 6.480 1.626
[ AMIM ] Cl+ 1% SZEBENE 6.548 1.644

TE <2 27 (] T34k T 14 R AP 2 4% / A A TR ) T B 2

3.2 TALEE A JE AR R4 4 & ARG R T
MAFR 2 AT AR AL B B A | 2 T PR R -2

TR A TRA R RS F ) Ak 2 14340 B JHL b o Ak 2R

FFIAFYE FR & 1 35.36% 2 45 2 % 1t 24.15% FH

KIFE A 25.98%, 5 Zhu %5 (2015) BF 5T 09 45 F
(Y E 5 38.4% L4 & & 21.8% FIAK R
FE 16.2% ) A 25 5% 0T g2 th TREFF IR R & &2
o W7k Ry 2% R aE N R, &k [ AMIM ] CL,
[AMIM]Cl + 1% SDS, [ AMIM | Cl + 1% CTAB,
[ AMIM ] C1+ 1% Tween80 . [ AMIM | C1+ 1% TritonX-
100, [ AMIM ] Cl+1% FRZE W5 i Ak B 5 R #1449 5 4y
B :15.92% 16.09% .15.59% ,20.00% .16.99% .
18.94% ; X L6 A= 1) o 4 2 1 32 288 Jist PR AT B 2 3R TR
PEFEBE A B IR AL BEAGFT 5, 350492 £ 4k Al
KRBT EBNBIR, 7K PE it 7 b 3853 W B s T 0%
& BB 7K I i T 3 AR Y 45 2K ( Nasirpour,
et al.,2014) . SRACFFIFAH L, WAL B S R FF
AR LA A B AT I TR 0 AN [ o 288 3 1
PR 5 AR Al i — 2D PR AROR BT 3 7% = (B CTAB
R ) BB MG M S B T AR PR RIE A g
FEARR MK ) S8 m AR TR LR g fR S
[UiDEATE s &

x2 WMAEAMRENBFHUZRS ST

Table 2 Chemical composition of untreated and pretreated rice straw

Methods Cellulose Hemicellulose Klason Lignin Lignin removal rate Recovered solids
Untreated 35.36%+0.01% 24.15%+0.05% 25.98% +0.04% — 100%
[AMIM ] Cl1 41.65%+0.01% 21.48%+0.01% 20.40%+0.16% 21.48% 84.08%

[ AMIM ] C1+1%SDS 41.37% +0.06% 21.12%+0.06% 18.65%+0.30% 28.21% 83.91%

[ AMIM ] C1+1%CTAB 41.29%+0.07% 22.64%+0.03% 20.93%+0.03% 19.44% 84.41%

[ AMIM ] C1+ 1% Tween80 41.03%+0.12% 20.42%+0.01% 18.44%+0.05% 29.02% 80.00%

[ AMIM ] Cl+1%TritonX-100 40.15%+0.09% 21.05%+0.01% 19.58%+0.26% 24.63% 83.01%
[AMIM ] C1+1% FZ=BER 42.56% +0.02% 18.07%+0.04% 19.19%+0.165% 26.14% 81.06%

3.3 THALE AT JE K A 4 R AR FTIR A2 XRD 0o o

i

FIFHZLAMG S (FTIR ) 43 B i Ak BE AT J5 RS FF 1Y
SERRFAE , R IR DN S 2 T 90 R B A IR AR T
AL AT B2 v Bl A RAOR AU MLEE. B (da Costa Lopes
et al.,2013) 71,3400 cm™" 1430 cm™ 1160 cm™' 4k
AW S U Ay 2F 4 22 43 1 —OH. S i) i 4 9k 3
2900 cm™' 1 1060 em™" Kb A £F 4 (1—CH FE A 45
PR C—O0 AT Pz sh % 76 1375 em™ ML )8 T
C—H 25 dh¥Rsh. by & 2 w] 201, WAk 35 AR AT 41
Yk R AR AR U6 B AG 037 B 5 A Ak B R 2T A1
PRI — 350, (B T Kb B i 2T 2 25 4% 5k AT f14) i g e
A | 2 IH FAL FR S 2T 4k 2 00 45 R R [, SR A
KB, AYERIPIRA KA A A, WA R
B REH = A AR LA E v LATHR R AR 4000

2900 - 143VQA/j
\/
w v

\f
NN

r
4000 3500 3000 2000 1500 1000 500
Wavenumber/cm™!

.

S
i
L

/, L

2 AEFLEFXBEFBFTA FTIR B (a Untreated, b.
[AMIM]Cl, c.[ AMIM] Cl+1%SDS, d.[ AMIM ] Cl+ 1%
CTAB, e.[ AMIM ] Cl + 1% Tween80, f.[ AMIM ] Cl + 1%
TritonX-100, g.[ AMIM ] Cl+19% R285H5)

Fig.2 FTIR of rice straw after diffident pretreatment technology
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B R A R (Nasirpour et al.,2014) : D o4,/
Oggo oy » F/NZE TR EECE M S5 F F8 50 (LOT) , @
O 375 a1/ Qoo a1 5 /8 Ak 4 A TR AL (TCL) B85 (1) 45
B BRI B R 0 245 A B 25 R HE H i3k 3 W]
T, 5 R AL 3 K B R A Ak S AE A Y LOT AN
TCI AH LY , 28 R0 % PR TR KA 125 A Ak B A A
J5 i LOI H1 TCI 24 Bt 1 Rt 3 3 WA ¥ it J e A T
HOHTHT I, A0 45 b 45 A 1 BV BR AR A R
FATRC FL I PRI S Ay sk R o oy oK el i e
FEAT PR T IE AT 1, 1717 BEL L I8 UK A 45 S 4514

PRI 2 R AN 52 B (0 R AT B ) A T X9 e s
SERTATN R AL SRR FE 0 SRRy 48 A S i B
TR T - 8 YR A A PR ) R AT 45 4

HIARRLR/INERA B B, 5 2053 P RAS Y
BEVE— B AR £ 4k 2K AL PR S 2 58 B0 SRz
ROFRZEA , Al USRI 1 7 T4k B 7 o, JsURE A
L AER FURTR AT RE B 0 0 5B, LA S £ 4 R 45
s DI AR AR, DA T B3O 4 2R 25 i 5ORT ok
ROF TR th T P HS 27 e 3R 45 B TR R T
LFHE R S RO R T AR A T B A S

F3 FRERISTEF XRD & RIBHMIIMLE

Table 3 The crystallinity index of XRD and the infrared ratios of Fourier transform spectroscopy for various untreated and pretreated and pretreated

rice straw

LOI(1427e¢m™"/ TCI(1373c¢m™"/

Method Crystallinity Index Crystallite size/A 898 em-) 2002 )
Untreated 0.43 48 1.2518 1.1306
[AMIM]CI 0.41 42 1.2063 1.0082
[ AMIM ] Cl+19%SDS 0.37 41 1.1837 0.9349
[ AMIM ] Cl+19%CTAB 0.38 34 1.1927 0.9538
[ AMIM ] Cl+1%Tween80 0.38 39 1.1643 0.9088
[ AMIM ] C1+1%TritonX-100 0.39 38 1.1690 0.9734
[ AMIM ] Cl+1% 2 0iE 0.34 37 1.2328 0.9485

4 1118 ( Discussion)

TELFYE £ BRI 58 400380, B T RS AT 4540 & 2%,
FEAIS T 27 4 Rl 5 21 4 28 1A R0 M, AR F ity i
(RIBEAT | AR AE TR B 4T i R 454 | B AR &% T T, i
FORFRE TN ALF 2 28, T (1 2T 24 25 00 25 ) i .
A AL B vk A AL A PR A A A, B AR
PG 7RI R IS, AR AR AT, T 2Bk 50%
FIA SR ZE  HRAS 5, 5y B kY5 e, A W fit JE
| Tl S 0 A 2 (LTSS 2009) PRI, ) T Ak
FREE AR BIF 5 2 S0 A 5 2 4k SRRk s 2 Ak R
1) T LR AR.

HHFFERGE BN, B F WA ([ MEIM] [ DMP])
RIS A AR PRI I B T RA B A R
T 25 Y00 B 3 T % P 751 Ak B 1 Bt 8 1 A
AR 7 R, o R Ah B A £F 4 K [ MEIM |
[DMP ]. [ MEIM ] [ DMP ]/PEG4000, [ MEIM ]
[ DMP ]/TritonX-100, [ MEIM ] [ DMP ]/AOP
[ MEIM ] [ DMP ]/SDS &b B (1) £ 4 25 7= B v i 43 5
2.20.3.68.3.92.3.72.3.56 .3.06 mg-mL™" ({55 5
24,2014 A FHAE B 1 A8 3L G PE ) Tween80 i BY

NaOH VAR Ak FEAE AT, 25 5 3 W 7o b 2ok A rh i
Il Tween80 HHJ 1 £ 2 il Ab BRAGCR | #F— 2D B AR S5
REE R R A PSR A BT R AR SR
(BT ,2011) AT 1 SERe 2 RS EIRATTE SR
BRI UL BRI A 1 FH B R BT 21 4E b B AN 7] 1HL
FRUERA 2 I PR A — R b A IR R AT 5 il A
4G A dE e AR, M o ge 25 2R 5 A AWEoE
AR — L

3 I PRI UL B S R AT B4k 2 o) 4
PR RES TG AE 10 1 B RIS R
T PR R0 X R A il A X 52 1) Qing 55 (2010) DK R T
WHHERIRE S M R BT R I BB ER AR S
FRIATEG P 2 6] ) 1 7K AE . Nasirpour 55 (2014) &
Fe—oT B Y T I 1 R R A B VA oAk R
REMA it e i A O O, S SRR, 5 B Al T IR AR Ak
BT RN L, 5000 2 TR0 1 500 AR B 3R 25 R R 3
12.5% , [ I, 4 v T e 03 AR I 90 v 4 B
FERF B4k 22 1053 0 T (T 4) A, 24 B o = i 7% 4 541
ARBTRA BT e RO, 7RSSR FEDTE L) E A
FELE R R L AN (FTIR ) 4347 7 Ak B 5 )5 A5 FT
LEFRFIE (8] 2) , AT DIVERE B AT R 2T 4t
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B ROR LR A R I REAE W0 O B TAL 385 (9 R
FEET 2 R 45 FRAF 06 1 B4 037 5 o Ak IR FF 21 41
eI R — B, 4 e Z 01 AR R, ik
B E REA P A AR PR AR B A XS AT
SPHT(F 3) 4 BT 1 LOT, TCT, Crl il Crystallite
size , W] 38 43-1iF BH 004 RS PO FRR AT 45 f B T B X —
RIS LR 5 Nasirpour 55 (2014) FAF 57 45 R —3X.

5 251 ( Conclusions)

1) 5 B s R A A A Bb 28 T S PR R A
B IR AR K PR AT 21 A5 A 3 0y - A= 0 3R 1 9
BEFWAR > JEES TR S - AR > BE
FRIFE A TG - B TR > P S R 1 v 7 -
BT

2) A Wy 3 T 2 79 - 5 VR AR Ak R T 11 2T 4
EEAL SRR R, A A 3 R BRI Y A A B AT 43
51 55.38% il 22.03% . 1 3 e F il gt 49 3 40
A ) 2 T R - YR AR A R T b A A0 3R e
T HT AT UL A W R T I T R - TR A A B AT
WA F T REFT SEESE G, 32 SR

3) 38 i FE AT LA 3 AT R AR AFAE 110 °C &1
T A3 60 min, 2 4E R AR TR A W W R, 4F
HERZPURATK AN I (FTIR ) R AL P )5
FIREAT I A 2540 1 2 A A A4k s X-SF i 5 (XRD)
S MR AR PR S FE AT 45 S8 BCT B, TR R ST
AR /N U Ak B BE A AN AR 45 R, 4R i A 4
R HWME AR,

REEEEN KRR (1979—) , F @l #A %, ML £ 2. £
FHIIT W A RO R B KR 4R e AR E-mail;
kenny @ gdut.edu.cn.
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