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Hydrolysis of Rice Straw Pretreated by Na,SO; Over Fe—resin/NaCl

YANG Hui'?, JIA Li-shan®

(1.JL( Xiamen ) Testing Services Limited, Xiamen 361005, China; 2.Department of Chemical and Biochemical Engineering, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract: To increase the conversion of rice straw(RS) and the yield of products, we employed three methods, which were ultrasonic wave,
steam explosion and Na,SO; pretreatment to pretreat RS (the treated RS noted as CS-RS, ZQ—-RS and Na,SO;—RS, respectively ) and found
that Na,SO; treatment was the best pretreatment method based on XRD, SEM, elemental analysis and content of cellulose, hemicellulose and
lignin. The conversion of Na,SO;—RS and the yield of total reducing sugar(TRS) and levulinic acid(LA ) were 97.3%, 29.6% and 13.5%,
respectively by 10% Fe-resin in 3.3% NaCl solution under 200 °C.
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1.1 SEIGJE R

FERE A e Akt BORSFEER o 25 85 7Kk
#, 7E 105 CF T 216 5 5 R PR A i, o
40 B 60 B, X HHEATI0R M FfkE A 553
Bro ARALHAFTEICH Un-RS,

AREF4ER (MCC) , W3k T R E T A AR 4 T AR
FARGBRAR ,MI01 B kR, BEE (DP)N
200~250, ki R 5) 1~250 wm, FEW 5 0.26~0.32
grem™,

1.2 Fe-resin BYHI&

HOE, A B KR 3K B A 40 B R
(Dowex 50,1} Na—resin) J & 6 JLik , LA KB 20
B — 2 1 A9 Na-resin AR 45 1:10 Y &% L BT 2
mol - L' (ERERIEW H, 40 C T RE 1t 5 h, HhE—
WG B e E A, 100 CF T4 5 h s BHAE
3 H-resin, f4—7E 7t i H-resin $% 1:20 1) [ HEA%
T B R 10% % FeCls S, 4 22 3R 7] H-
resin [T & RE , 1520 B AAEALR] 10%Fe—resin, i
EH . ARG H-resin [ i & 215 H 10%
Fe—resin BJACHE N 5%,

1.3 A%
1.3.1 X 4455 (XRD)

X HH£6 075 (XRD ) ZE PANalytical 23 F] (%) X' Pert
Pro X S ARATHHY B T, WA Bk
40 kV, EHL 30 mA, A CuKa 5§12k ( A=0.154 06 nm)
JrE TR . R X celerator-normal J5 A 7, 49
WYL 10°~45° , 7 H#AK 0.016 7°, BFAE0F1E] 15 s,

AT EL(CrI) ] Segal £ 50151,

crI:%xloo

L M 002 THIFE 22~23°FIRTHT R L 5 1, N 26 £
T 18°H JCE BRI B o
1.3.2 it BE(SEM)

WEAE 105 CF TG FE SR EEBTERE S 5 1 &
B I SHY (Eiko IB=3 Ton Coater)8¥ 42 )5 , 7E3% & 5
A3, T 5.1 (S—4800, Hitachi , Japan ) F WL ik
5000 fEEIRES R IATE A, RETHLUE 10 eV, A
JE R 20 kV, 430 98% 4 1.0 nm,
1.3.3 JLR/HI(EA)

FKHOCE MY (Vario EL IIT Elementar, Germany )
SARTRES TR R A SRS . HEL05 CF

http://www.aed.org.cn

THRJE R BEAEBAR 1 150 CHAE 99.99% 1
AR PR RIS R RO T e R AT
ol

1.3.4 X BEOGLHLFRERG (XPS)

HEALFR R TR AN A 20 B R 36 15 Physical
Electrons Quantum 2000 Scanning Esca Microprob Jf:Hi,
FRENGAGHAT X EO0t i FRETE I, BL AL #E Ka
SR X PRI, A5G RELL 284.5 eV S il 1L Al
4 46.95 eV, FIHE AN 80 IR
1.3.5 {7 A 4s L 4R (FT-IR)

FT-IR M3 7E Nicolet Avatar 330 Y& #54% - i3
5o R KBr ik  HEdB R 5 KBr R i He
1:100, Y355 [l 4 000~400 em™, 4594 32 WK, 43 %K
2 em™ X T RAR M B TIRAAAL R SR L 15
FNLLAM G A
1.3.6 #FE(TG)

PETE TG 209 F1 A 43 HrAL BT, LAAH
ALO; I S b, BRSO — b e
AT, WA A (i 20 mL-min™) 1
T 30~800 °C, i # 2% 10 °C+min™,

1.3.7 fez=d 050 Hr

LPYER PP AE R MR R (195 i [ R 2178 450
B E Jr e IO 0 & A Sluiter A 87 AT
D7E
1.3.8 FHERH A
W
W(wt % )=(1- i
A MR M3 550 3 7R e 0 A R AN A P A
i (mg); W AT R R A
1.3.9 JKff 253 Hr

KRR R B LAY 9 BE T TC AT S KR A D
(FID )1 CDMA X 18 €315 Fodfe b 21 T AR 3 19 <R
ERE(GCOWE . ikt SE OV-17 BAIEIEH (30 mx
0.25 mx0.25 wm ) , A5 I #80 BE AR AN FEARE 48R 20
S 250,170 “CHA 230 °C.

A4 JEUBE (Total reducing sugar, TRS) #9551 ] DNS
P E

YlA(Wt% )Z

)x100

GV 100

Y,.Rs(wt%)z%xloo

YConveraion(Wt% ): ( 1 _% )X 1 OO

T 2 G Crs 2351 2R K% 0 LA TRS (9
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mg ~mL™! 3V i‘jfi@{& E]/‘JMS H ,mL; Y, ﬂ] Yips 63\1“7"]%%
NSNS LA 1 TRS BIISCR , % 3 M F My 205308
J52 7 R 14 o o P 2 0 S B T ) S, mag 5 Y comenion
RFEEL AR, %o,
1.3.10 KAL)

IKTETEE HLAY) (Water—soluble organic compounds,,
WSOCs )17 i HE AL I 2 TRS Fl LA i3 5 Z
MM45 . WSOCs 4397 B4 A7 QP2010 Plus )5
AL (Agilent7820 Fil Agilent 5975C MSD,GC-MS)
MISE . IR A Rix=5MS E41454 (30 mx0.25 mx0.25
pm) o SHTIE AETHE AT M 50 COPAEE 2 min)—170
C(15 C+min™, {44 2 min)—250 C(20 °C-min!, {4
£ 2 min) , BEFE C1IEE 200 °C,

1.4 TEEMAETE
1.4.1 7= Figh P

FREL 0.5 g 40~60 HHFEE & T4 40 mL (17K
Phagrp 1830 °C.100 W R 2 he #7545 35 R
I3, UL AR ZR IR 5~6 i =k, T
105 CTHRFE T4 24 h, A (10l CS-RS)H,
1.4.2 ZE7RSR0E A3

FRE 1 g 40~60 H FE5ELE T IZEEE 4R,
SRIG A 5 mL BT 5050k 5% NaOH 75 K4k
T E T KR, F 121 °C.0.12 MPa [ 4bF
10 min, J2J 25 0 IV 4325, SEA 3RS B As e 2%
PEIK Uk 5~6 i 2 ik, 105 CT R4 v T4 24 h, i
5 HGEHR ZQ-RS)Y,

1.4.3 Na,SO; kb

PRI 2 g 40~60 H AT E TRIRGE T, A5
HIA 20 mL 5T 553408 16% Na,SO; K, Belfifer?
BEE, Ve B HE AR Y2 G A 28 (B 5 . DLSB -5/
10) BBE)fiE T 140 CHITEER A, AL HE 80 min, 2
o7 45 R 4 B85 AR AN, FE A B () A o FH 2R 1 K
Tk 5~6 i E b, 105 CTHEF T8 24 h, IS
)EH (13%7 N32503—RS )“0]0
1.5 KfERISRE

TERA PRI — 22 = iKY Fe—resin Fl NaCl & F
JviAEH B R HA R S S A — 8 fe iy 25
KB O A8 e B B HERE Hom A 200 “CIF:
fEI 5 he RVESHE B ROV 28, R H B =,
e AR IR RAEE o UEVRU 0.45 wm BUEMEIS g, 1%
i FIREE N 4 CRIvKF R, URrd o S i b 8
2 B KR E vk E A TEAE L 105 CTR 4t
T2 fEE R, R, TR R
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Figure 1 XRD patterns and Cr/ of rice straw pretreated by
different methods

ZQ-RS AT g A15 5o AR4gE, I T AGEREF 4
R 34.6°NT 506, 25 it BEFR BN K i RIS LBk
TREAARFTREFPELAYER", FFE 4R+
DL 2O T AR R IBOR, fEVRg v, 3
Oy VR, I T 6 TG R TR X B IR | T4 i X A
gEp AR B AU B D 287530 A - Yamashiki
SEVIBIFY 2 B AEZETRIB I L W00 IR G Al X S TG
T X T HES st X, o S8 T 2 R TR

5353 B 2SIV R AL B (i 45 T 22 T IX A £F 4 2
KA R O, TCRE T XA/, 25 S EE R K . 20°F1]
e P W S0 1) BH S e 106 PR 28 TR B SRR Y
TCETE X I 2 b X oy B4 i X R ER AN, 3
ES @GS NS

Na,S0;-RS F4% FhIE e ZQ-RS AY/N, 58 ZQ-
RS HREF4ER 45 AL X 5 1 Ll R, i aRBHZEAR [R]
FMFT ZQ-RS BEXEAK S
2.1.2 SEM E4Mt

& 2 SRR vk A B A0 A8 B0 1 il e B 1
Un-RS SF4ER RGN, M )E i 2im H B F
FREEAYAEK ., CS-RS R AIASHIEE . ZQ-RS 11 H BLM5

http://www.aed.org.cn



¥ 4 Fe—resin/NaCl %} Na,SOs 4b 3 4 5 5 ) 7K it

2017 %5 A

- 8 4 v o
70-RS NasSO,-RS

B2 &AEAFELEEREENAEERER
Figure 2 SEM micrographs of rice straw pretreated

by different methools

KR E B X ARG bl B T R B AE VOB B B T
REA R E AR 5 N, IR L BOR 454, I L R A
HIAR T2 SR RS T 73 NapSOs-RS R HIFHIAAR
TRUBFX , 4/ NAT i th R i RO AP AER TR VT 2 5L,
TXAT e F TR A BT 2R AR o A R 7 A )
2.1.3 JTRAMHT AL 5

AN 5 s A B A RS B (R G 28 4 BT R AL 24 41
AP 1 FiR. R 1 HATLUE Y, ZQ-RS Ak ER
K (43.7%), 1M CS-RS WI{UH 6.1% ., Kb A
FR T 24 2R 1 S R T > 21 A 3 R0 G311 5 1
I/ CS-RS AR R & A Irig i, 1 ZQ-RS F
Na,S0;-RS A &R 75 & KM b, X 228 {0 A F) T
AT i Ez iy, 4 T A TR A S el [R] R, 58
HIAL A5 19 2 5 R 5 B Ak 24 41 40 A AR R

Na,S0;-RS HEFYER N T H N 68.0%, FLFYERIE
& H 17.6%,

25 PRI, NaySOs A F R B R B A By ik o
2.2 Fe-resin FIFRAE
2.2.1 XPS Ak

MK 3 HE[ I, 711.1 eV il 724.6 eV A4 W1
Eﬂﬁmé,ﬁﬂﬁ/l\ﬂl%ﬁj\%ﬂﬂﬂ}ﬁ? Fe* 1 2psn H 2p1/2[17'18]o
Kt , Fe—resin R IH Y Fe JLR FERED =M IIEA
FETERY
2.2.2 TG FAik:

P 4 24 Fe—resin £ N, LA 10 °C-min™ FF#R )
MEHTIE . ME 4 WTLLE Y, Fe-resin 78 100 °CJf}
I H T A B K ) A W B T A /D B R i, 2R
FRIE 7.0%, BEEIRER) T, Fe—resin 1 260 CH
PR KR HL o XA B Be sk d 1Y S A A] e R Hh A iR
LRI 7% (300~550 °C) Bl 52K £ 0 1 i 58 (400~
550 °CHP, A SO By KR 200 °C, T TR
120~260 CZ WA KA R HEMG, XRUAE 200 C
T HEAREF R E

2 600

Fe* 2pas

- 2 400 Fe* 2pin i
p o
= 2200 i
» \
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Figure 3 XPS spectra of Fe 2p of Fe—resin
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Table 1 Elemental analysis and chemical composition of rice straw treated by different methods

¥t Characteristics Un-RS CS-RS 7ZQ-RS Na,SO-RS
4T H Weight loss ratio(wt%, dry basis) 0 6.1 43.7 20.2
JCE T * Elemental analysis /% fik Carbon 38.84 40.59 39.30 38.13
4 Hydrogen 5.758 5.764 6.153 6.150
% Nitrogen 0.065 0.059 0.047 0.054
4 Oxygen” 55.34 53.59 54.50 55.67
A (W%, T2E) L4 Cellulose 44.0 51.7 81.9 68.0
Chemical composition (wt%, dry basis) 22T 4k % Hemicellulose 27.2 20.9 9.5 17.6
AJF# Lignin 10.4 14.0 1.1 4.8
W4y Ash 10.1 8.1 29 9.8
TEa S RIS b LIZE(HAR
Note: a. Weight percentage on dry ash free basis ; b.By difference.
http://www.aed.org.cn —253—
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Figure 4 TG analysis of Fe—resin

2.2.3 FT-IR Z&AiE

Fe-resin [ FT-IR EIIEULIE 5. & 5 Ha]LIE
A BT B I AT B, 5 BH AT A R R AT LR
1127 em™ F1 1 162 em™ &b A9IR Wei4 (-SO,H A 0=S=
O S B a2l ) LAK 1040 em™ Kb ity Wi ic i
(=SO; 5 A 454 2l ) AR 0T LT B s WL 82 2], TE I 44
k51 SOH AUAAFE™), 835 em™ (WIS AT HE &
1, 4-ZHURR 0L C-H B oS ks, vl
A s BUCHER ) 54N, Fe—resin 75 1 1621 127
em™ F1 1040 e L AW IEIE A (i #% , 8115 0=S=0
KRR AR 2l AR A FRAf a4 sl , iIX W] — ik
BRI I ) 5 A AT 52 0, e LA Wi 5 sl >, B
BT B, 2 b R VR Fe T A
& RE W TR AT (H X AR AL
K, ARG B 2R G5 TR U

H-resin

=

3

z

E Fe-resi
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I

E
=

)

1124
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& 5 Fe-resin B9 FT-IR &
Figure 5 FT-IR spectra of Fe-resin

2.3 Fe-resin 7£ NaCl ;& & 7k i Na,SO;-RS

Kl 6 55 10% Fe-resin TE A [6) ¢ A [Rl AR FR Y
NaCl ¥ W /K fif NapSOs—-RS 1774 73 Aii Fl i Al %
JIE 6 AT LI i, Hl Fe—resin /Kf# Na;SOs-RS A
b, FEie A ) 20 mL KA 1 g NaCI(&] 6a ) idkJ2: 1]
—254—

501 (a)

! e " 7100
40f
301
20+

10

F4k 2% Conversion/wt%

FEPIRCE Yeild of products/wt %

Fe-resin/ Fe-resin/

1 g NaCl 2 g NaCl
50r - (b) =100

blank Fe-resin

FEHINER Yeild of products/wi%
T4k 28 Conversion/wl%

1 g NaCl 2 g NaCl
TRS ~#- #5{L% conversion

[Tia

S 454 : NaxS0~RS 0.2 g, 10% Fe-resin 0.15 g,
K4 : (2)20 mL and (b)30 mL,200 °C,5 h
Reaction conditions: Na;SO;-RS 0.2 g, 10% Fe-resin 0.15 g, NaCl solution:
(a)20 mL and (b)30 mL, reaction temperature 200 °C, reaction time 5 h

B 6 Fe-resin ZEAEREAREMFFRA NaCl AR hkig
Na,SO;-RS HIF=#14> fTnfnsE (L &

Figure 6 Distribution of products and conversion of Na,SO;-RS by

Fe-resin in different NaCl solution with different concentrations

30 mL K FH A 1 g NaCl([&l 6b),Na,SOs-RS F#E 4k,
2 TRS Fl LA ISR AR B8 & FE NS
Na,S0:—RS FIFEAL K TRS F1 LA ARG BT 158K
G0 NaCl {22 R AI% TRS T LA (183, i it
R JEEAT A s (1)1 5 NaCl A LR 2R
g5 T IX BOREIR , S RE K f# R TRS A1 LA A JGE RIIX
W, AR AL T 3 s (2)NaCl ik B2 34 RSl
FEI A SR I o3 il 26 A L %, 0
ISR K R S22 LA BICR GRS, X i3
B NaCl 4 B) T Na,SO;—RS (/K %, 1M ELAK e /Y
NaCl BRI H E . Fe-resin 7E 3.3% NaCl ¥k K
fit Na,S0,—-RS,Na,S0;-RS 551k >% 'TRS il LA ik
FAYHIH 97.3% 29.6% 1 13.5%. P~ ik sta
M (WSOCs )FHXT & AR 2 LA R, i /D&
FI TR . BRI 5% FY MR | 2 e 26 ) .4 —F
FE—A-T g 3 F -2 B I PN R 2
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2.4 Fe-resin BI{EIMEA

P42 1Y Fe—resin # FH 2k K fig MCC DL IE SE Fe—
resin [TEIRFIF . Brfif Fe—resin 78 NaCl ¥ H /KA
MCC J& , 2098 , Mk, 10, 2 251 Fe—resin, 285
B HAEAMIR 2 mol + L' () HCL IE A 10 wi% FeCl,
Wi, ARSI A Fe-resin B9 ] &t 72 B4
IF W HEAETRIC A Re—1, 4 H 5 MCC # A i 224,
PN NaClIE W, HAALBRIEDK S5 . Re—1 RV 5
Ja , ARSI TES 2 IR 18 Re-2, 4k&iib 17 /K i
L.

SEREHE AN 2 Fos o AR AR LT AT 2
MCC (AR, (B2 A 2 e B2 S A e
TR CPR R FA AR I 508 T B B AR N ), JBE PR AT g
AW (1) FASFEEA S EER AR SLIR T 75
Jun BT (2) BHIR B A-S0, JEHTHY % 2K T3
FeX sz idi/ b o A, A5 B9 B S /& Fe—resin
16 R A B0 B4 A1 Fe-resin B2 E M.

% 2 MCC £8 Fe-resin/NaCl K RIS HOF=40 & B (w1%)

Table 2 Distribution of products of MCC hydrolyzed by
Fe—resin/NaCl(wt% )

AR AEEE ZWENRR 2 SR Befb R
Catalyst  Glucose LA WSSs Total yield Youmenon Selectivity
Fresh Fe-resin 38.7 333 0.9 72.9 90.9 80
Re-1 30.3 26.3 45 61.1 89.5 68
Re-2 26.1 22.6 7.5 56.1 87.5 64

TE o SUCRSE TR LA SZERUCRZ A b ST 8
MO AL 2 1 202 :MCC 05 g, fEFEA 03 .5 wt % NaCl 35
W 40 mL,200 °C,5 h,

Note: a.Total yield means the total yield of glucose, LA and WSSs;

b.Selectivity(%)= Total yield/Y;,pemion X 100. Reaction conditions: MCC 0.5 g,
catalyst 0.3 g, 5 wt % NaCl solution 40 mL, 200 °C, 5 h.

7

3 45y

S TS R E R R, RIS 22
VRGN NapSO; Zb L 3 F s i X R s E 4 T FUAL
i 16 H NaySO, FilAh BEA 54 () FAL B 5% o NapSO,
i A B A AE B AE 200 °C R 48 10% Fe—resin 1E 3.3%
NaCl W KRS b 353 97.3% , ik [ &
PN BRI %53 A E A 29.6% 1 13.5%
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