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Fig. 1 Classification of biomass resource
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ADFEMAEFERITH 200x10° h o TH Y, 3 %RRENEHRE OV 7 T b T 51, 3-5),
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VLR UNTENET NS, BIRIZEICELR—2X A3k m—2 U= LR S, K
SRR DD b ODHEALE U THD, Blu—2 a2 E LT HERERNA I~ ADBEE
BEHEL, AT U AREN, TV ORI, ALFREEN R D7D, RISHES R D,
Bk & IR R NA F~ ADOHINEBE X, SME-CHE N R | HHEREEDER S, TE LAY
B E 7ML PRI IENE L B D, o, "M A~ RIE G TFABEEM TH D03, EMY
LT A S, e RItHKIT, Ca, K. P, Mg, Si ThV, BEREHI LV EATELEGH
BNRLD, o T, " A~ AZADOFEHRHAD DX, TONA F~ ZAORMEZBRT 5 Z &0
METHDH,



Tom—R, Fig. 2 IZRLIZE DT, B-Z /3 — A5 T(CHiOg) N7 U 2 v RFEGIZ X 0 EEHI
HELEZED T THDH(), TOESE MY OFEIKET L, A OEHEK 10,000 T, #EOHAK
15,000 Th 5, Fiz. BEFEILORIC, KFEFKA LD Van der Waals FHAEH Z b OfERATH S, L
72035 T — A FKICRE TR T VA VISR 2 IEFICRWIHE 2 > T\ b, 2072,
AR —Z2OSMICIEEIR, mE. BRHL, SEBE L W ook LOEISSEME T CRIGEAT 9 BN
HD, BAa—AONMKSHETIE, FLa—RALT V7 h—Rp EDRFEL 6 OEFEOLERNAS
o,

Fig. 2ITR LI E DT, "I —aAnwro—AfilEs,. V7= TEETHI707 47
NEERDIRE 277 4T VNVEHEKRT D, ~I B0 —R LT U F LNRT VT 7 AEE T,
YU )R TG —R PO 6 HERR, L n— A0 5 W AR Y & L. SEERRES

Fig. 2 Structure of a lignocellulosic biomass containing cellulose, hemicelluloses and lignin.
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BEARERNAA v ZAOHEECHRIZE DRIk x RFNERIENREB SN THDER, N A~ R %
WREFH = & ) — VZHRHAT 5121, ET A A~ AFo'Lre —ZA RN ELa—R% C5 iR
CO FEDHFHFTIA DL, DT, BEICL O A M A=y ) — L2 8ET A 0LERH D, HAE
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AR~ I AR —RZER L, ZAH0HEERFRIETH D FHEHOREHINIHENT T 5,

BARERNANA T~ ADEE 3 fJioid, Brr—X ~Iktrog—R JI7=ThHH, ZIHD
FRA KA > TV D, Bam—Z (37 a—ZR8 -1, 4 A LEESRR) ~—Th 5,
NI E—RETr ) =R TITE =R ED C6 HPFC, T m—RA7e XD C5 Bk A
e L. SRR AHEAN SR ~T e R ~—TH5H(), Blu—A, ~Ik/o—RIEEE
FRHNL &2 ZHER DT, ARG L THICT 22 RN T& 5, —hHU =%, 7==17 X
VERIHEARBAL LT DFFBEER D FROT, L THHEICIERLRn, V7 =vid~Itie—
ALHEF LR DL — R LEHICKEAG D, B —20 LIt W T LI LIEREE L5,
DX D IR DENRL, HEIE DBV, FE LRI RICEE 2 KE T 2 L BB EOMZEIC L 0 B
BNT7e > TV A (8-11),

FUFDEHIT, BAa—RRANI BT — RADNKSMEL D BT D C5 BERC Co B, b H
HIEBESE T, BHITREBREICH DX ) — VBN T 7 2AF v 7 —R Y LBOFEETH
DI TE D0, FRFICER & (b O B E ek, il X, A e b—b, SFEOAK
i, HMF, ¥V b—/b, 7=/ —/VHECHLERTE 5(1), LrL, Bre—XIfERaEEow
HThy, AL Na—ADR)~v—ThbDH TASAL LI L THfERE LY, £/, Brr—2X
BN FvAFOBAL T —RTV T =y NI —R Lo TRESINLTEY, SHIIHORES
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E M RIS AL (BESR Y RREILIE) 2B D (8-10), BAE RN, 4~ ATt oE Ve —
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DEFE S, N A AFEHCZE O F FiIE L THREOIERITE, £ 2T, Bk < bR
ETHMONDORMLEE 21T > TV D, RS, BRDMETIE, BERZ IS LT < T 5720 DR
BN RAIRTH D, LFEEBIEIL, RRECA IR X 2 5RERTEIC X 0 A D3R D3METE S,
FOGHRE IR 725 LW o T FRRNH D2, SOSERPEDME < | BEO HFn « RIS ER M 2 & 1 &
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DL, Wb L 7Y — 7 I AN =R ) FEEIFEWEE, BRESOAR DD GEE
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7oy AV IR—T AMRIZ AR R EE A E A LT MC-MPS1 & O MC SR ARl 2 75 L 7=,

Fig. 3 IZV /v a =7\ ZHiFEIR 28 L= fifg b 2L o = 7 it o R FNEZ R L=, 100ml O B —
#—1Z 1.0mol/L ® H,S04 % 50ml A 7=, T2V a=T% 10g Mz, 15 o&E L=, LD,
B ABIZ LY+ Al LTz, WIZ~ y 7 VIEZ W T 60°C T 15 RO A1T 5 72%, 650°CT
3 IRl BERR L7,

Fig. 4 IZA VAR—F ZHRIZV NV a =T ITRBIRZEA L, & OIChiEb Lz o a =7 it o
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100ml B — % —IZ 1.0mol/LL ® H2S04 % 50ml £ A
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Fig. 3 Preparation flowchart of sulfated ZrO, solid acid catalysts (SA-J Series).
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Fig. 4 Preparation flowchart of sulfated ZrO, solid acid catalysts with mesopore (SA-K Series).
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Fig. 5 Preparation flowchart of sulfonated mesoporous silica/carbon solid acid catalysts.
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2. 2 flEOXYZ7 72V E—a v

2. 2. 1 BET HhaRmifg - Al Lo A6 E

i L 7= [E {RERfitiE > BET RiifE e © L5342, BELPREP—vac Il CTRILEZ L7214,
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FREEERHR L, BET 25 C X 512 200°C T 1 RefH), BUEMKATAE 21T - 7o, WEZIT- 72, 0B,
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AMFETHW DA F~ AFEHE, REFRNAA A~ R IND 22— U KOOSR, £ L TE
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LHMEFHTHDLAAXTZH W, FEHILL T O FIE T L7,

1) IFE L= FE 2+l KRBT L LTE%RIRT LT,

2) 2cm FEEEITHLRE L2,

U H =T L E =N THRELTZ,

4) 14 mesh Off TEIVWV T & L=,
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WT 105 CTHEREZ L. A U CTRAFE L T2,

6) Fig. STkt - iz L7c=2— Y () KOG () o7 vazpRLiz, £, EREBKE
FEALES A~ DR U Te R RS F~ AR O E L G 2 ERIIE, EHICib b,
AAF RO ER—/V IV THIEL, 5D WTRRZ L2 T 7, BRI a0z, 37X
TORBHZ105CTlHE LD E TR L, £/, ET AN A~ A E LT, Hilikr
m—2Z (iah) . T, IV BrEZOFEMM LT,
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5T, KEDOSHEQONCHEILL T, fib bk WNa—H U ZBRLIE LT-t8, TDOERD TH D
roatro—R a-brue—ARWNY V= aiiil U, BRI EIIRO L 012725,
DFEAE LB

R LB A MR AICE D . Yy 7 AV —figIC AN T2 ) — L XU B (REH 1:2)
DIRATEAZ M % T 6h LLEFMHRIR OFEEDNE 25 £ C)VBUBET L CHIALE /I TA 5 2 B0 R
7o JRL L7212, 105°COREREE TRz 3h BL B, 20%T 7 —2NTHm L. BiE L 723kt
ZVERK LT,

)R L — A DR

BAERELE =47 T 2220 | A Aok, WIEFERT N v AR OERRZ I, 75£5C D
MR CNEMZIRY R OIET 5, Z OFfEL Th HIZEH 4 BT > TAEMD AL R o Te D %l
RLTD, FELZRGI A LT, 105COH g TRIBALEE 3h LI B, Z0#%T v — 2N THE
L. Aok /lo—z 423l 7,

3) a—t /b — 2 DFHH
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B, A ALK, 3%TREEK, DUV TA A U 2K TIERGEE L=, ABI LT EEE v —h—
WZHLY | 2%AEAREE T N U U AR A N2 THE KIS T C 30min BT D, WEMEZWGIARIL .,
BUROWTIMAKTHEFT D, ZOBEZMRVIRL, FRER2D AL Ro72 D 0.1%1~ 0 T
U0 LKEERZINZ Tl L TEA LTz, 3%MiigK Tl L THRSIARI LTz, DWW T, BUkKED
T ) — VTR, 105 CORREE TRz 3h DLE, ZO%T v/ —2NTHm L, &kin
— A &3,

ot e—REE—H—IZIY | 17.5%B A Y —XKERZEMZ, 30min 2>) TR THE
WA Y —F KB Z TN S D, DOWTA T A8k 2288 U CRE Lk, ol
AR UTe, HEW & A 7 ZZ MK T LT D 10%EEBRKVATR 2 VT G| L, B K THst.,
105°C DRLIEFE CTHRILER 3h LI B, Z D% T V7 —ZNTHRH L, a—ta— 22 L7,

4 7= DR

AR EE A2 B — T —IZHD | T2%WiEE A2 N %, H 7 AR THRICHFE L TEIRT 4 KRFFET 5,
ZD%, B = —ONEMEREKTT 7 A TEEBINCE T (IREEIEE 3%EIK), 77 A2l —
By e @HAE LT Ay B L— NTHIEAL 4 RpE T SRR 2 KSR %, NWEWE
W5 A L, Bk, R OVRK CTHE% . 105 CORIRME TP 3h DLk, Z0%T v 7 —H#NT
BmL, V=R L,

2. 4 [FERERKEBELIERE & FUGSIE

IREBEC O TIR D 4 FEEA D UG E &2 WL BOGTREE 120~220°C, KSR 5~60 43 T{T-
2. (1) AC100: ~ 7 RxF v 7 AR —F—HHPEAXT LA A— 7 L—7 (it =7 () i
100ml), (2) AC120:  NEBPIRFEFRNA T > L 2 84— b 7 U —7 (ME RS 1 () %L 120ml) , (3)AC300:
WEPIRIEIEA A 7 L 2 A — N 7 b —7 (MRS F-(FR)# 300ml) . (4)AC1500: WNEII#EA L — %
—  BH A NVAWNEPAREERA T o L 2 A— v 7 U— T ROSEEE . (fER )R 1500ml)
BRE A T~ AKX 10— RO C5 MM NI Lo — 250D C6 BESE D BB R D i KA D 72
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BARENAA T~ AHRF B —2FD CSHE RO TV a—2ED C6 HEFEDBHEINFE DR KILDT-
HIZ, Fig. 6 [T L 912, HRIRCRb bE 2V, 140°C~230°COIRE T, H72 D% & ol
(KRR K5 —Be H OKBWELRE (Stage 1) ZATV, ZD%, REIGDNA A~ AW % 55 H -
[EU L, 120C~240°CDIRE T, 72 2Rt 2 b OEIAREIC L 5 2 Bt H OKBWBE(LIES (Stage 2)
BIT oz, BUGH. AR T OBHECA RIS O BN - EREZITV., TRENONA F~ 2%t
b2 8 Bt DE RN OFRFAC RS RATF OB 21T 5, o, RINEOERE EY O % NREL
SIHTIERY DTG 43 HTils Totr L7z,

(=8 )
¥

@tage 1. B EKEIUE ASEO —mﬁ{@

DTGH (BHAH) (AZtIO-2EEER )

HPLC:£BMDER

(Stage 2. EHKBKRALIE (L0 ROMD)) (AR OEURR VR )

(ero-2mikH) |
HPLC:4RBYOES DTGMF (#ERESHF)

Fig. 6 Procedure of two-stage saccharification of lignocellulosic biomass

2. 5 A G~ ZARE O
NREL 4775 K O3 L7z DTG U852 VT S F~ R B O b B s 1% A B s [ T
WO HT 24T > 72(7, 8),

2. 6 HEEHEKOFEEDO T

[ ARk 2 -T2 K BBE L BOG R . EAVENEREE LTC IR IR AER h O HbE, 2oV 7 T —
VR OVHMF % HPLC (BRY — (BR). FatHg% : RI). 7 A : Shodex 0806M (BRFIFET (#R). %
¥ U7 —iiE : 0.5ml/min, 77 KR 80C, Fv U 7T —:K) EHWCHELR, WIKARY T
DAEEFEIZ-OVWT, HPLC (SHIMADZU, fEi#s CDD-10A). # 7 A : TOSOH TSK-GEL OApak-A

(Y — (BF). ¥+v U7 —iE:0.7ml/min, # 7 LR : 40°C, F+ U 7 — : 10umol FREE/KIANL)
EHWTHIE L7z, 2 LT, AR ELERIGICE > TH O AR AR NS | JFUBE I
LHPEARREZLLTOR (1) ICXVFE L,

C5#E[Wt%0] x 132.1% 4 ComEwto] x162.14
150.13

[FEHE=[g]
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(C58F : vm—A, Cofr: 7V h—RA, T)La—R)
T, SO Z, 02um A > 7 L7 4 VB & W TEIEDBEEZITV., 58 - T2 ETEY % B
L. WIbREHE Lz, WLEOEREZLLTIIR LT,

i . (AR FUURED) [ o
’ A EURHE [g]

AZ B & FOSIZ & > TR B AV AR IR FE 70 BRI R 2 AU KD B LT,

_ W DOYEFE x IWIRER [g]
FURHER  [g] % 1—KHE) 3)

2. 7 IREBEESITE

NI, REBEBOIEE (TG - DTG) MW=, £ LT, FEHItLa—ZA RN A 4~ R
ELTa—Hh Y, fiibb, REEHW, £/, ETAPMEE LTHROFZ >, Zvho
J=rvrEHWE, ELICHRO FEICL Y =T VENSHH L, Artre—X(kEra—X &
NI BE—RAORBR), a-re—2 U 7=k LTHWE, REHRITN 10 mg T, &5
JiiE 10 ml min, 100°CH % 1000C £ T, FIREE 5~15C,min TH -7,

3. MREBE
3. 1 CHTHLEAREE AR 0O BRI
3. 1. 1 #FrHl;mRimfEEAREERARL MC OF Y
3. 1. 1. 1 HrflmERmfE Ry E R AR MC i

FHERmAENOA VA2 L DA Y KR—T AU BHK SBA-15 OXRMIZKEWEZEAL, S5
(ZZNVAREEZ BN LT MC RIEAREAEE 218 U, A ofia . (I oE A&, RIGIRE,
ZNVREEDBANGRME) OB LT,

Table 1 ICERAEFEDOIKRTHL A VR —TF AL U ORI EZEAL, EHICALKRIEE
A L72 MC SR EIRERAREE O M FLAFE L O 2R Lz, oS (RIem B AR, Rk
T, ZVAREEOBAZME) T2 0OMBEORMESCHREIZEL G A0 L3nhol, %
7oy K& IR SRR CHEAL L 72 il & SBA-15 fH{KD XRD & OV FT-IR WU A7 R L DHIlE ZFTV,
Z DOfER Fig. 7 OV Fig. 8 1T L7z, Fig. 7 X0, WTho MC it T, K TH 5 SBA-15 DFF
)72 B — 27 D3BlEE S v, MC i1 = R AEHEAR SBA-15 D X YV IR—F 23 U 71 OREEDHERF S
TWDZ ENGhoTz, £72, Fig.8 LV, 0=S=0 < SOZDRAWIN N KRB ST, T74b
B, BERBEFENOREN AR EZ S ORERE RO TE T,

3. 1. 1. 2 HEB &Rty E RS SA OFFH

U, b v a=7 it (SA %) OFRRSEME (RERMEH &, HERLRR, BERRR -
IREE) Zfat Lic, JHH LoD REREE ORER R A Table 2 ITE & O, WTILOMETE |
il R EAE TR . K 40~48 mY/g ThH o7,
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Table 1 BET Surface Area and Porous Volume and Amount of Acid of MC Series Catalysts

Catalyst Surface Area Pore Volume Acid Amount Average Diameter
[m?%/g] [ml/g] [mmol/g] [nm]
SBA-15 989 1.10 0.08 43
A 382 0.28 0.7 ND
B 447 0.81 0.9 ND
C 477 0.82 0.9 ND
D 169 0.86 1.8 1.6
E 99 0.58 1.2 ND
F 211 0.59 0.7 2.0
G 105 0.39 2.0 1.2

(A)MC-400-1-160-15h; (B) MC-500-1-160-15h; (C) MC-600-1-160-15; (D) MC-500-1-250-15h; (E) MC-500-
1-338-15h; (F) MC-500-1-250-6h; (G) MC-500-1-250-24h

Intensity ( a.u.)
\‘3
]

1 1 1 1 1
4 6 8 10
2 theta ( degree )

Fig. 7 XRD patterns of prepared catalysts. (a) SBA-15 support; (b) MC500-1-250-6;
(c) MC500-1-250-15; (d) MC500-1-250-24

WIZ, BREEOMK SBA-15 OREIZER SRR T X =T 28 AL, S OIHIEAL L7-8H
ST &filif 2 5% 7=, Table 3 |2 SBA-15 {Z 8725 TiO, DEAE A L7z ST Zfifi:o> BET K AifED
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WERRZ R Uz, WO cd SBA-15 EFELIZRMILE R D, 162mYg UL EO@mWEHFEZ &

DI LRG0T,

Fig. 8 IR Spectra of prepared catalysts. (a) SBA-15 support; (b) MC500-1-250-6;
(c) MC500-1-250-15; (d) MC500-1-250-24

Table 2  BET Surface Areas and Porous Volumes of SA Catalysts Prepared under Various Conditions

Amount of Sulfuric Concentration Calcidation Surface Area  Pore Diameter
Acid [ml] [mol/1] Temperture ['C] [m*/g] [nm]

50 47.9 18.9
100 453 19.3
150 Ho o0 40.1 18.5
200 41.3 18.7
0.5 48.8 19.6
50 1.0 600 479 18.9
2.0 41.8 18.1
550 48.0 19.2
50 1.0 600 47.9 18.9
650 41.2 18.4
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Table 3 ~ BET Surface Areas and Porous Volumes of Various TiO,-Coating SBA-15 Catalysts

Catalyst Surface Area [m?/g] Average diameter [nm]
ST-10-SBA15 198 1.98
ST-30-SBA15 188 1.83
ST-50-SBA15 162 1.69

3. 1. 2 FrHlERERARGE o K EE L TE M

3. 1. 2. 1 MCREARfRE

FHELL 7= MC REURERfMIE A FIVW T, ilkE L m— R (e OKEWH LIS &21T\V, fillio
KB TEE 2 5P U 72, ROGTREE T 180°C, ﬁmﬁ%i2m“w6ﬁ%?%okoﬁmﬁéﬁw¢
DN A—=ARA Y TP, HMF M VEHERR A £ £ HPLC TEME - E& Lo, 2O, B
~x®mm¢<%m¢)&wa~x&0ﬁ):ﬁ@WE%%mLkJ@9cS&xw®%ﬁmﬁ$
AT DERORAGIEE DB E R Uiz, 400°C~600°CIZZ L S84, 400°CH 5 500°CI2 x4k
A Zm <32 EHENENEIM L2, SOICRIBEEZm< T2 SHIE - RIbRE BIZHED L
7zo F7z, Table4 IR L7 L HIT, WTHNOAE T Z < DO HMF S0f BB AR LTz,
TN RALIREE 500°C Tl OIRFLIRE 2 160°C~338°CIZ 2 bt Tl DOIEME K 21T > 72, £ D
AEF% Fig. 10 X8 Table 4 (278 L7z, il OIEFRIEE 2 160C~338Clc b g7 & 2 A, iRtk
EAE LT 5 ELRITIKL 720 | BmITIEE 250 CORFEN EN R K &R o7z, £, W ot
T, T<ADED HMF oA EBEN AR LTz,

Fig. 9 Saccharification of cellulose using different prepared catalysts. (A) MC-400-1-160-15h;
(B) MC-500-1-160-15h; (C) MC-600-1-160-15
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Table 4 Byproducts in Saccharification of Cellulose Using MC Series catalysts

Catalyst Yield (g/kg)
SHMF 7 U AX%y 7 xv 7Ua—Li I R FE v7)og
JVER 73

A 0.96 0.12 0.18 1.17 0.27 5.13 0.75 1.32
B 2.01 0.27 0.12 3.06 1.95 7.98 1.11 4.26
C 2.28 0.42 0.24 2.88 0.75 3.72 1.89 0.75
D 0.3 0.18 0.09 1.89 0.12 6.06 0.57 3.27
E 0.33 0.24 0.06 3.78 1.8 11.19 1.23 5.88
F 0.18 0.09 0.06 1.71 0.03 7.41 0 6.69
G 0.24 0.18 0.09 1.86 0.03 13.89 147 5.67

Fig. 10 Saccharification of cellulose using different prepared catalysts.
(B) MC-500-1-160-15h; (D) MC-500-1-250-15h; (E) MC-500-1-338-15h

WIZ, RAGIREE 500°C, IRIEIEE 250°C THREEDIZ R 4 6h~24h (228 LA CRREBLIE M 2 b L
7o EORER% Fig. 11 XU\ Table 4 1278 L7z, BUEHFEH Z 6h 205 15h IZE < 35 L BEIEITHIN L
Too EHIT2401ITT D & BEIEDMENTIEIN L 72,

Table 4 (2R L7 X 912, filit D K OVl G Tl BRI TH 5 5-HMF O E S D722 o7,
S HIT, Tablel £V, il D {3k G L REFEAKE <, T 2EMBRERFHOEWZ &%
ERE L., il D (MC-500-1-250-15h) % fii 7 MC it Td 2 & i L7z,
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Fig. 11 Saccharification of cellulose using different prepared catalysts.
(F) MC-500-1-250-6h; (D) MC-500-1-250-15h; (G) MC-500-1-250-24h

Z 2T, MC-D itz F T, fgdb b OKEBELZ 150~190°C, 0.5~2h TITo 7=/ % Fig. 12 &
W Fig. 14 1ZR LT, E£2, fb b EEICE . RS DK% NRELJETHOHT L, £ O
R% Fig. 13 L OV Fig. 15 1R LTz, FEOFELIZB W TIRIE T, i@ WENEN S O -, Zh
X, b LHICEENINMINLT VT 7N, 15S0CHORIETHMESNT=720, B C6 I
ENEONT-bDLHEIShS,

mC monosaccharide A Cs monosaccharide 4 Byproducts
Fig. 12 Effect of reaction temperature on saccharification of rice straw using MC-D

(MC-500-1-250-15h) catalyst.
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Kin ()

Kz (EE®)

Fig. 13 Change in Composition of reacted rice straw.

mC, monosaccharide A Cs monosaccharide 4 Byproducts

Fig. 14 Effect of reaction time on saccharification of rice straw using MC-D (MC-500-1-250-15h) catalyst.
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R0 (R

K (ERH)

Fig. 15 Change in Composition of reacted rice straw.

F72. e SHELIS% ORLGCFRIE AT FER L 0V | 170°C ORI R KON ENSE DIV, O
RHOOLHOXT T UNT XTI NTNDZ ERbhotz, SHICIREZEL L, 190°C THI{LX
ISEAT O &L BHEROCHE OFRIEICEIZHE L TE D 70 UK 10% B EFNTNWDH OO, FEIEIT
170°CORFE LR THAD L TWD Z EBbholz, ZHUE, Bk LB Om o fEE S =720
2, FEIED B LT B2 b b, BNfREMmx, fibbE2E LT 572012, £3=2R/
REMETRbOTIZEENDLT v U RN B a — 2 EHb 5, RITHEW & B bk %2 5B L .
EES T RE A L VB L ORI TOMET 5 &0 ) B e b 7 e e AR B L 72 D,

BIAESRYTIL, EFUEADDOX T 0 kO r— 2O {L TR SR o Tz 7 = RN
I, ZoZEXY, JZUBREIMbLFOXF T - v —RLSNOR () T =y - T
YT UERYRRD D RINE L EZ BN D,

WICEKRENRA < ADTT LA TH DT T o/t —ADKBWE L IE % filtfi MC-D
Z VT 150~190C T1T o 7=, T DFER % Fig. 16 IR L1z, ¥ 7 OKBSUGMERE L. Wit
DOIRETH, BEEPTRT100% THDDIZH LT, Eir—2AOKKSHEFEKLS, 190CTH
#) 60% DEALRN UL dnotz, £z, ¥ T 004, 170C TRADHEE (C5 8) INENES
NAHDIZK LT, BAr—2ADgE, Co DI ENISIREDHEII LN EINL, §XTokrnm
— R % CoMEITHALT 272121 190 CLUL EOESWVRENMETH D Z R Iz, S 5IZ, fifd
BHBH O R OWY 7= X0 GO 5 Ll Lz d vt r e — 2 o KEWE LR R % Fig. 17 12K
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Fig. 16 Effect of reaction temperature on saccharification of (a) xylan, and (b) cellulose

L7z, MBEBDFIERIZIFIZER U TH D0, b bDRE ., HFNERFArLe— 20845 X0 5
Mmolz, DEVEEHEDOIXFA Lo — R XD KBS SR E -T2, ZuE, R b HIcE
FNDHVEDT T SIS L TR S ICHEEE I SN D0, An ko —2AD%E,
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Fig. 17 Effect of reaction temperature on saccharification of (c) holocellulose, (d) rice straw.

Y 7= DEIZZN D D —EMNEHE Lz, KEWE LIS TIX RN O BEEA R E D72 72
SleLFZEZALND,

Flo, FETMEEWTHLF I n—ARL T Vv a— R &2 [T, [FRRZ E AR AKBWEH L OS 21T -
Tzo ZHNHDORERLY | fitd b OEARBRKBWE L SISIZI W T BRI O LR % Fig.

18 ITHEE LT,
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Fig. 18 Mechanism of saccharification of rice straw using solid acid catalyst

3. 1. 2. 2 (EMERBRS B YAk

SA RANAREE K Y ST RANARELZ SN T JREER TH 52— Y D REWEC SO 22 W TR D
IKEEALIEME 2 34 L 72, T ORERICESW T, BN e il iR i 2 e LTz,
130°C., 7 KRl D Gt CT— 1 U OKBWEA LIS IZ I 1T D B OIS KIE T 20 a2 =T /gt
DL Fig 19 10K Lz, ZOREENS ., D a =T /HEEEA/NESWVIE S KBBHLIGME & < 72
HTENDhoT, Fig 20 ITMBIEEZEX - L EOAEFMONEEZ R L, XD, 1moll ®
ile & 5 L7= SA-J1 Mg b @i tE CTH 722 L ¥ o7z, Fig 21 I[ZHERIBE DB E R LT,
650°C THERK L 7= BEAS BUNEMEZ R LTz, 231 A~ A O FEREE KL RSV T, ikl R
FIFERICEE RN T A= —ThHHLEEZDLND, Lo L, Table2 LV, SEIOFERTIE, &b
TEPED B Do T2 5 TR S - BE DO R EFEN —FBRE WV E W I FER T e o7z, BERRIZ LY

29



Fig. 19 Effect of amount of sulfuric acid on saccharification of cellulose

Fig. 20 Effect of concentration of sulfuric acid on saccharification of cellulose

Fig. 21 Effect of calcination temperature on saccharification of cellulose
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D a =T OFERIFRENZAL@50°C THANE R, 600CLLETIERER) T2 Z EBNMBLTERY, K
BRECSOSIZIET RO ONRBVERZRT EEZOND, ZDZ L HEERRIC X DRIk
DEALCHREEIR D & b K BWE L RISIZ R H D Z L R TRl ST,

UL EOFER LY | R T YL 2 =7 10g/ 1 M Fifg 50ml, 15min &2, 650°C, 3 MpRsE
BRIZ72 D Z E MRS Tz,

Fig. 22 1T SA SRHIARBEIZ fe HIEPED EV SA-TT fillft 2 VT, 170C, 5~60 3 CiTo7c=2—H Y
DIREFEACFOSHK R 2R Lz, BOSKRFFE O AE ) BEIEIZ— BN L, £ O®RBAT L8, i
SIROVE T D 7T T — VAT BEIRFASE ORI R O — RSN U7e, F 72, SA-J1 filtfie
Z T2 K BEA LSS CIEBOG IR 30 430D & X112 CS FEILE D iR & 72 0 Z DR CS5 HE:87.4g/kg,
C6 Hi:16.2g/kg, A U FHE:46.1g/kg Th o7z,

(a)

(b)

Fig. 22 Changes in Yields of Various Products in Saccharification of Eucalyptus Using SA-J1 Catalyst:

(a) Monosaccharides and oligosaccharides, and (b) Byproducts

31



Fig. 23 Changes in Yields of Various Products in Saccharification of Eucalyptus Using ST Series Catalysts

(a)

(b)

Fig. 24 Changes in Yields of Various Products in Reuse of SA-J1 catalyst:
(a) Washing and drying, (b) Calcined at 650°C
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Fig. 23 (2 ST SR IME 2 W C P EE L2 — B U (B~ kb —R) OKEBWELEISIZB T
% ColE, AV AE, 77T —)b, 5-HMF K OVEEIEHOINE A R LT, BOSSEMAIE. 190°C, 30
7C. AC300 47— h 7 L—7 &\,

KLV, TiO, BEa 2L S H7- L &, 30wt% D ST-30-SBA-15 2 b BUWEMEA /R L7z, Z D, C6
BE:473g/kg, AU THE34.9g/kg Tholz, —F. 50wt% D ST-SBA-15 LI iEME R < BEINE
T2 E MR LD, 20X ERIIHREON P, TORRKRELT2 2O ENREZXDH
N5, EFE. FOICHBRAEASNARN-T-2 8 Th b, S RIOFIEROE A TS TR U4
TITo7c, LU TIO, O BN Z UL, ZNTEITEATE LMBRORE SR 72O UTHE LTz
FUHERVELRD, 2 2T TIO, DEAENMBR TH o722 L Th b, TiO EAENH 2 VX, fil
BEOMIFLEE X2 LT D RN H D, B AL, AR OIERE TRy ORERENEHT XD &
ENRENDZ L EZLND, SHIT, WESEIBRICBWTHRERBAR S ThoTzZ &
LEZLND,

(a)

(b)

Fig. 25 Changes in Yields of Various Products in Reuse of SA-J1 catalyst: (a) MC-D, (b) ST-30-SBA-15
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3. 1. 2. 3 [EREAREOFFH

FT. SAJ1 OFFIHERZIT o7, USEOEEYO 10 58 (KFE) OZEEKZHNT, FHE
Wz 3 [EES Lo, 60°CTEZERE LT, WRITERW /T K0 7R & Al 2 4B - [RII L7z, fi
BEOEIRITIEIE 100% TH - 7=, Peidtc, oAt L <L E HI2 650°C THERK 21T - 72 SA-J1 %
HAWTSEIRISEI T T2, TORERE Fig. 24 1R LTz, ZOERLY | B - IROLDEE, 7
Uy vaoffit (1EH) &5 &, 5EHOER TR 150.0g/ke 726 136.8g/kg (2, 7LV 7
T —ViL 4.4g/kg 15 3.2g/kg. & L CHIEERIL 23.4g/kg 05 24.6g/kg ([ LT-, —J7. BEF - WL
e BEROBA, 7Ly v a0t (1EH) LHABE 5 EHOEBRTEIREL 150.0g/kg 26
137.3g/kg |2, 77 T —/LiX 4.4g/kg D25 39g/kg, & L CTHMKERIT 23.4g/kg 70D 21.0g/kg 122 L
7o LEDZ ENSEEROBEIIZED ST 5 BIE COFM e S IXABIEHESHER SN D Z L3
07’:0

RKIZ MC 5% OF ST-SBA-15 Rfifii ¢ ¢ 5 Bl 0 R LT 2 2 & THAHMEZ MR Lz, OGS
190°C. 30 %3 AC300 TITV>, UG SA-J1 filit & [EIRR (2 il & i - votit U, RIHER 21T 72,
PR EBROK R % Fig. 25 127 L7z, MC-D & ST-30-SBA-15 fillitic >\ Tl BUGE., fiiED I
WITHERF SN EE THBEEZRZITAT O 2 &N TE IFF 100%[EUTE 72, £ LT, 7Ly ¥ afil

U .
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Fig. 26 TG (a) and DTG (b) curves of eucalyptus and extractive compositions of eucalyptus
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e (1 ERH) ST, HEFEEIIETT5 600 80~90%FLE DOiEM: %2 5 [ o FH HERICB
THEFFT D Z LN T& I,

3. 2 NA I ADBEURFEKENE LI
3. 2. 1 TG *DTG & H\W\ 2o A~ ZADEfE O ikt

AR D K D NCEARE R NA A~ RABEEM IS DR A x ) — LV BEOFEAIZIE, FEHICLDS
PTRE LA T~ AOUIE B EE RT3 | IKBWELSOCMED B 7 DAk % 7234 A~ ZABEFEM) A
DIRTIUXR B, LTeR o T, Bfix 728\ A A~ ARG T D ZIITRR IS 3 A A~ 2 O/ S
WrEATHOMERD D, £, FFONA T~ A0 6 OEBENRO R RALD 7280, KEWE USRI
DA F < AFOK Sy DAL Z IR T 20 E S H 5, —J7, BEEOHA I HTIEWNREL {£%)
X, REO(LFEDEZFEH L, B L2005, 22T, Fxid, BAEEZ(DTG) % AV 7 FERERH )
ALFE G O R WV OTEOB R 2R A, S HICZOFIEEZHWT, A A~ 2O iy
M DFRAT 2 5T,

FTE. RUHEOZ—H ) KR =D Y Mo L&k Thodrrietrn—X a-krr—
A, V7 =0 B FHEEEE 15 °C/min THMT LTz, £ OfE%E% Fig. 26 [IZ/R L7, Fig. 26 25, =2—7
U@ DTG F v — hZiE 301.9 °C, 357.9 °CIZ¥ v —7 7R E—27 82 D& 200~600 °C |2 HHEE
E—7 N1 OfERENTe, ZL T, 2= B UL LY 7=0D DTG F v — D L
JIENWE—27 13 F =V RO — 7 ThoHr B2 LND, £, =B U DPLHRE L o-'L

2—ZD DTG F¥— LT 5L 3579 ClIlhHdba—D VDY —TRE—271L, CoMEDRY
~v—Tohd a-bra—X (FHorO—f) HREHATE 5, o, KIRM & &R & GhET
IRE =T, a—H UL LA ew Lo —2ADO0fE 22— ZEELTEY ., {EE?E{E'@E°~
1, ~I A —2AHFO CSHEORY ~v—ThHoHF VT O —r7 LEZ NS, SHIC
/I/ﬂ:/\%): LCHiRFT T 00V D DTG SR/ 82— R L=,

RIZTR Y 7 b Origin Software & IV C, == —A U @ DTG F ¥ — N OFEFRAIEZITV, {FE—7
0)@%‘%%&‘. L7, Fig.27\Z—%4 U ® DTG F v — h OFBLEFER 2R L=, £ LT, 1D
BT NVWEEAFEYE L L THWT DTG i &M 2 ER L7z, 16k NREL IEO 4T R &

Table 5 The compositions of each biomass by NREL methods

Biomass Glucan (wt %) Xylan (wt %) Lignin (wt %) Extractives (wt %)
Eucalyptus 354 9.90 40.8 9.91
Red pine 54.0 12.7 31.3 5.08
Rice straw 49.7 11.2 18.4 3.46

Table 6 The compositions obtained DTG analysis

Biomass Glucan (wt %) Xylan (wt %) Lignin (wt %)
Eucalyptus 41.7 9.53 43.7
Red pine 58.8 16.6 314
Rice straw 41.7 16.3 22.4
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Fig. 27 Deconvolution computation of DTG curves from Origin software:

(a) eucalyptus (b) rice straw (c) red pine
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Fig. 28 TG and DTG curves of each biomass at different heating rate:

(a) eucalyptus (b) red pine (c) rice straw
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Fig. 29 Kissinger plot: (a) eucalyptus (b) red pine (c) rice straw
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DTG EBINORMRETNEN Table 5 & 6 (TR LTz, £z, b b ROFRRICOWNTH, [
DTG #2147\, £ OfER % Fig. 24(b), ()% U Table 5 & 6 (27~ L7=, NREL /0H71% & fx K 8% FfE
DEFEL IR oT-Z LD AL T ASA A~ 2 DFLALZ R0 C X 5 FER o b3 R
O DTG ik E L LIz & 5 2 5,

Table 7 The result of kinetic analysis

Biomass Composition B [K/min] Tp[K] R? Ea [kJ/mol]
5 554.5
Xylan 10 567.3 1.000 133
15 575.1
5 610.3
Eucalyptus Glucan 10 623.9 0.9987 158
15 631.1
5 729.1
Lignin 10 746.5 0.9989 161
15 758.4
5 557.2
Xylan 10 568.8 0.9985 131
15 578.2
5 583.9
Rice straw Glucan 10 596.9 0.9972 154
15 603.3
5 706.8
Lignin 10 723.8 0.9997 164
15 733.5
5 578.2
Xylan 10 593.9 1.000 116
15 603.4
5 625.2
Red pine Glucan 10 643.9 0.9974 121
15 653.4
5 654.2
Lignin 10 669.9 0.9932 156
15 678.4
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VT DTG o4 DES, F-IE3#E % 5°C/min, 10°C/min & O 15°C/min (22 L L, =—H U | FRia,
oo 5D DTG T 24TV, T DOFER%E Fig. 28 (TR L1z, £/, TNEND DTG F % — h DAL
HZTW, ROK (4) O XD REVIFMBIT 21TV, SO SA A~ 2R OE 5y DB fE G
DFFEHT 2 FaFt L7z,

ln[ﬂ] = h{n(l ~In )nil AR } _En = constant _E @
RT R

E, P P

ZIZT, B FHRME, T, WIBREETH LN AL A~ AT OERST D DTG 53— 7 OIREE,
EA : H 0y DB RGN b = x L X — v BV R KURESR. A fREIKT

WAL OFER L 0 | B2 FIREECH LN T, 2 H0 T, In[B/Ty’] KO Ty ZHH L, Fig.
2927y b Lz, ZNENDMEE N BEFED A G~ ARO[ 5y DG fRiE AL = % )L X —E,4
ZHEMH L, Table 7 (2F & H7(21),

Table 7 K 0. WTFNDNAA A~ ANTEBNT S, Ky OBGREHE L= L F—1TF T <7
N <) 7= DIBICED Lz, T7bb, VT AR OMLLT L, U =0 N ib ofE
LEELWZ EbooTz, £z, D 2 DONRA F~v R LD L RN LTV 2

bl

3. 2. 2 HBIEDNA F~ ZDEREEKEBEE VST

B 7234 A~ ZABEFEY) O BRI K BNECRRIE 2RI 5 720, R, =— U, fgb b, A A
X Z VT, ERER R MC-MPS1 OTFEE T, 160~210°C, 5~30 %) C/KBGI R SE & 4772 - 7=, Table
8 |2 NREL H1iEE AHWT, FHEDO/NSA A~ 2O OfEREZ R LTZ, =B VIZEENDK
BAELATRER L T U TN D DEFEENR DL BABEKOTIER Y S = DGR RN K
HE Mol

Fig. 30 (2K FED /A A~ 2D KREBFEAC I 1T D C5 BE K ONC6 HE DI O R T2 7R LT,
ANEFREFERRJNAA T~ AT, ENENOKBBHALISHER R D Z ERbholc, 22—V Kk

Table 8 Compositions in Various Lignocellulosic Biomass by NREL Method

[ ZNE (L ZREA A TR I
XvIy | Tuhy |V F=2 Yy rs=r K5y | RISy
a—HY |95 30.3 342 8.3 043 |99
TH=Y |64 48.1 26.2 2.3 0.2 10.7
A X 10.7 46.7 11.7 1.7 13.2 35
2 A% 18.1 38.2 27.1 1.5 6.5 -
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VIR OSE . CSHEDOIERA— B L, 180°CfHI THRAKRIZZR Y (K1 80%). ZD®HE Lz, —
J7. C6 HEDULFIL 190 C AR LR T AR 6N, ZHUuIx LT, A AXFOHE, W
LD C5 FEDIR G ANERAA A~ AL VRS | BUSTRE D BV, iR Lz, —77, Wb bo
C6 FEDULRIIIEM TE VD, AAF LFREEIZ, 210CETHE VW E(L LD o7z, [FERICEUGRE
M7 30min & L CITo 72 EBRFE R % Fig. 31 1R L7z, ZOHAD, KEHR EFEARRNA 4~ A TR
72 D REBREAL SO EZ R Uiz, 22— U RO OHE, C5 DI 170°CHHT TR kIZ v |
ZDOBBAPRZHA L, Co BEDILFEE 210°C THEIZHA Lz, LA AFOEE S, 190°CE T CS 5
B Co FELIRNHINT 5208, £DHBBD Lic, —F. AAFXOEE, kb OMEMELS . kRO
C6 FERIT DT NITH 10% ThH - 7=,

ZINHDNA T ZADKBIACSISME D X ZENENDNA F < AN EFENL T DKM (~
tro—2 =2 KY V=) OEPKMEICE 2D EHRAITE S5, T TIZHHILTY
L, NI AR —ARNF T TN DI VIR S, OOV T e — Ak
T 5, ¥ T DMK GET S E CSHE (Fvm—R) BAERSI, VB U BIKG TS L
Co FEM R IND, DED ~I B —ANGETHE, CSHEE CovEDW G Z LT 208, &
Na—ANGRTH L CoEDHEEKT S,
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Fig. 30 Yields of C5 and C6 monosaccharides in saccharification of various lignocellulosic biomass using

solid acid catalyst MC-MPS1 (Reaction time: 5 min)



Fig. 31 Yields of C5 and C6 monosaccharides in saccharification of various lignocellulosic biomass using

solid acid catalyst MC-MPS1 (Reaction time: 30 min)
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Fig. 32 Relationship between yield of C6 monosaccharide and content of lignin in various biomass
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WIT, ERENAA I ADKICNMEDZREZZLET L, T ENENDOAAA A~ AFDY F=2
O L OREMEE B LT, Fig. 32 [R L7z X 912, BORRENMEWEE, U 7= E&ENRZWEE OF
HRNAF<R) DBHIRIFEALE CoENERIN TN RN EXRg0nd, —FH, 210CTiX, =—
71U DA, CoBEIRIT 40% LI EICHELEZ, 2L V= OEHENEWARER A 4~ AT
IL210CHO L D 2@ T, —#D U V= U AEENHE S, Bre—2AR@EH L, KISLT <78
TeeBEZbND, T2 L, IRERTOREIZ, MFOMOBENIEZ-E 0 LigdoTe, ZiUE, BV
B —ZADFIGHER~IEAr =2 L VIKS, KV RERLETHDL EEZXBND, 2, Fig. 2 TR
Lk, V7 =vEfkic~I e —2 b —2&M{Ah ~IvLe—2AR0HT5 L
AR —ZARBEHL, KGRI R5EEX 65, £ 2T, RIGKH Smin TOKEWELRISA]
tea—J1 ) O E SN LTz, EDfER % Table 9 X N Fig. 33 (Z/xL72, 170CTlX, 7 DF
AEIZDTNIT 0.6% BN L EEAERH LI, ZOZ &L, 1T0CUETIE, ~I&nm
—AFNFEAEGR LT EHERTE D, 2L A~ —2F DX T HR C5 DILERD

Table 9 Compositions of eucalyptus before and after saccharification

Xylan Glucan Lignin

Acid Acid Liquefaction
cid- cid- .
Rat
insoluble soluble Total ano
Feed 9.5 30.3 34.2 8.3 42.5
Sample after
reaction
160°C, Smin k 1.7 23.0 31.3 4.3 35.6 33.6
170°C, 5min h 0.6 24.8 30.4 3.1 33.5 34.3
190°C, Smin h 0 19.5 29.0 2.5 31.5 42.9
210°C, Smin h 0 12.6 27.0 2.6 29.6 52.9
40 S, =~
——F oy
=T Ihy
=
30 |
S
&0 |
4
10 +
0 \ o N
150 170 190 210 230
3 o,
KRG RE[C]

Fig. 33 Changes in various compositions in eucalyptus after saccharification at several temperatures
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KRIZEL, £O%, WHREIY CSHERARBESLT VT 7 —Viliifbain, B Lic, 2ok X,
R LTV ED CofElI~I o —AEkED IV h o EEZ NS, — ), 2—H ) DEILT—A
GHEIIN 234% TH Y | E72 170°CRIEH OFERET O 7 V7 5 H 81X 24.8% CTh - 72725,170C
EFTIEEAR—ARGIRIEEANERRELIRNEBZ DD, ZO%, UNREN I HIZEL R D &
NI B —ARNTRCHEEL, EHIC) T2 O—b oM LIRD 720, ko —R b 454
HE ol ot, Table 9T/ -L72L 912, Bra—2AHROD TV OEHEDN 2100CT 12.6% %
TR LTc, 2ol Brm—2AHRO CoHEDARDBBEIZR D . TOINERNEL 2o 72,
FOLIZIENIEAR =R —RIINA, TV 7V bEENTND, T U EnRLR
T< ., RIETHEIC C6 FEFICATX 5, TD=®, Fig. 31 IR LK 9T, KV CSHEER, >
FOANIBLE—ARLED DML TN L2 LT KER A A~ 2L 0 &V Co b
WENELNTZ, —H, AAF BRI CERRAA YA THLIN, T T2 EATHRWD,
C5HEL CopEL HFE VAR I NI -T2,

LEDZ s, NI —2ADREMIL, 22— U >THY > 32> AZAFDNETHEL
LD EN ol

3. 3 HHEOEARENA I~ 20D 2 B E AR 15D B
3. 3. 1 =—7hV OKEWHL
3. 3. 1. 1 =—hVoD1EHAKENEL

IRHERCH D2 —H Y D 1 B B OKEWELSUSZ I T 2 B RERARGSECRE (L O fcil S F OB & 1T
STz, EANC EARBR AL OFEME OB 2 M L7, BOSIREEIE 170°C, ROSEREIX 30 5 ThHh - 7=,
EmgAmmhossn—2, Zra—A 4 8. 7107 5—L 5-HMF. M OVERERE % 7
AVZHIHPLC TEME « E&E Lo, TOES, C5HE, Cob (Fna—REDb@EOTVT h—2) FV
afE, 77 T —)b, 5-HMF X OVEISRE O E (BB —H U 1kg M7= O4pkE) 22T
B U7z, 4 FEOEARARE (SA-J1. SA-J2. SA-K1. SA-K2) ZHW7-fEiH% Fig. 34 (2R LT,

Fig. 34 Changes in yields of various products in first stage saccharification of eucalyptus using several solid

acid catalysts
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T, O, WA (777 2 7 FEBR, Blank) OFER LR L7, SA-K2-5 fillii Ciif b v C5
WEIL B A AFT2 03, 4 SOOI R E RENR O R o7z, T TICHE ST D X 9128, 9).
B AT KB LAOS I 3 BeRSEA D= X LA THETT D B 26N 5, FFICE 1 B H COREIKEEK
BBE LN WL, BERERAEE ORI FLN OBEY A N Z T ER AN A A~ AU & Befih 28 2
VENH LT, LD A ANRKEL, DORERREEZ b OEIRBMEN AR THDH Z &
SAEOMASE T EE CTHDH EEZ BN D, Table 10 (XA MED BET R mifE-<CHIFL AR 2> B H H
U7 EH LRSS ORIERE R 2 7R L2, SA-K LN SA-T @ 4 SOfiffiE o d ¢, SA-K2-5 fil i3k &
RRMEFEE RERMIABREZFRG, 2 L OKBWHERISTH AU TFEOIEN LR, C5 FED UL E
MENoTe, ZOZ D, 22— U0 1 BHOKEWELRIGIZ SA-K2 RAIAE G L Tnd &35
Z. S BT ORIIOfEE A FRET Uiz,

SA-K2 RINZHWT, Y a=TaEaB3E, BesBE2 R O 2% L 72, Table 10 1213

Z DRSO R RFECHALER S ORPERE R L R TR LT, ZORINTWTRofEE 250m?/g
U EOEWEREZFFD, 230 12nm L EORE 2P R 2 FFO 2 L B yhotz, LT, Th
%wﬁd‘iﬁﬁ‘;%ﬂ%b\f:m?ﬂ#ﬂlﬁ*ﬁ%% Fig. 35 1R L7, BV a=7 ORNRKEWVIE EKBWE LK
BT DIEENE <, B EORINENEMT 52 bbb, U ELY, Yrva=T7HFEN
#%*é%%u\ SA-K2-15 il 2 — Bt HKBEGICRE 9% 2 & 2 E LTz,

2—H5 @%Lfoc 1 Bt B KRB LRSS ORI D T- 1T, SA-K2-15 fillft 2 FW T, MG %
30min {2 —EIZ L, KEWE(LIEE % 160~190°CIZZ b S, KEWE(LIRE D22 MGt L=, Fig. 36
IRLIZE 91T, zmr@tmm IZFEV, C6 HEDIENIEIM L, C5 FEOIEIL— BN L, D%
HUTE, A THEOLERECB S MWE TH D 7T T — VoA FEERIESE O BIAE R DI —
JrHEE N L7z,

PRI SONIREE 2 170CIC—E L, SUSKRFH D528 2 i~ 7o/ R % Fig. 37 12" L7z, 3043 TC5 H
PER A Y SPEDOINEZE TR E R, TRENOMEIL, C5 B 73.6g/kg. C6 HE: 14.0g/kg, AU =
W 472g/kg Thoto, —F, RIGKMN S HIZR L 25 & BENEITRA U, @5 E O E Rk E
EEIN U 7=, Z O LY 30 200 SHRE 23 i & W 2 5,

U EDORER LY 22— U Ofcii7a 1 B HKBWE LS %2 SA-K2-15 filifiE 170°C .30 73R E LTz,

Table 10 Surface area and average porous diameters of several solid acid catalysts

Catalyst Surface area [m?/g] Average pore diameter Pore volume
[nm] [ml/g]

SA-K1 652.8 3.9 ND
SA-K2-5 262.9 14.6 ND
SA-J1 49.2 16.8 0.20
SA-J2 39.8 18.7 ND
SA-K2-10 283.5 12.9 ND
SA-K2-15 256.0 12.2 ND
MC 169 16.6 0.86
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Fig. 35 Effect of loadings of zirconia on SA-K2 series catalysts on yields of various products in first-stage

saccharification of eucalyptus (170°C, 30min)
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Fig. 36 Effect of reaction temperature on yields of various products in first-stage saccharification of

eucalyptus using SA-K2-15 catalyst (Reaction time: 30min)
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Fig. 37 Effect of reaction time on yields of various products in first-stage saccharification of eucalyptus using
SA-K2-15 catalyst (Reaction temperature: 170°C)
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Fig. 38 Changes in yields of various products in first-step saccharification of eucalyptus in reuse of SA-K2-15

catalyst
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170°C, 30 %3 C SA-K2-15 filt O BRI FHER LT - 72, MU, B O 10 52RO 2R KIZ X
0 OYeEE 3T T2, B E B2ERER60°C) L, iz AV CaiE & il 4 /B L, il B L
7o BREEDEINERITIZIE 100% T o 7z, [EUAEE 2 F T 5 BUKEBWE LS 21T o 7o, £ ORER %
Fig. 38 (2R L7z, KXV, 5[EIOFEBR THIEIL 134.8 (g/kg) D 119 (gkg)ll, 7V 7 7 —/L(% 4.06
(g/kg) B 1.2 (gkg). T L CAHEREIT 1531 (g/kg) 5 1081 (kB L Lz, ZDZ Lk, AKfil
T 5 E Oy R LAA L THHEIEIEDK 90% & #HEFF T2 Z E BB 6T/ 7=,

RIZ 170°C. 30 73 THUGTER DFRIE DA 21T o 720 30 73 SO DOFREIZ I~ I e — R H
KX TARIEEAERBEN R, FEZORICBWT2—h ) OFbR b 2— U o

B 448 B Other Other Rtk
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Lignin Lignin
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Fig. 39 Changes in compositions of eucalyptus in first-stage saccharification
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Catalysts

Fig. 40 Changes in yields of various products in second stage saccharification of eucalyptus using several

solid acid catalysts
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A~k —RA0EGEHREER LElo7-, Thbb,. ZOKEWE LS T BLr — R 35RO
EhkborEzoND,

LU O EBRAE RS, SA-K2-15 fil#iod 1 B B O /KB LS O — 1 U e & s 7% i
OMBEZEIE, Fig. 39 X ricEvbonsd, 1BEAOKSICEY, 2—hVFokroe—2 L]
TV OERBRRDT NS L, 1FEA RSN TN RN LR SNz, £~k
10— 2 TUIET R THME L, K 62% N HFEFICHREL S L7 2 L 3o Tz,

3. 3. 1. 2 =—hVoD2EHKENEL

BT, 2 BEH OKBWH LIS Z et Lz, 2 BrH OKBERISTIE, RUHEO=2—7 U FEZ
AR D X 912 AC300 A — ~ 7 L—7 Z HW T, SA-K2-15 filtfft, 170°C, 30 43 CTLUt S E7-1%. il
COTBE LT R A e, BB Lo b O& 2B B ORIGEEE UTER Le, F92 B B IS i 72 fih
BEORBOT=DIZ, 210°C., 5 53 DSUGEMT SA-K2-5, SA-KI KO MC % FWTHHEEUS 21TV,
TR O EZ T (Fig.40), LU, 1 EBH OKEWELAL CTrRiEtEE R Uiz vA ARk
BECTdH D SA-K2-5 KON SA-K1 fIBEDIEMEITAR 2 > 72, ZHUCKT LT, WHEEICBHE LT Lo AT
v R CH 2 MC X, @SWIEEZ /R Lz, 202 b, 2 B H OKBBH LTI b

Fig. 41 Effect of reaction temperature on yields of various products in second stage saccharification of

eucalyptus using MC solid acid catalyst (Reaction time: 5 min)
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Fig. 42 Effect of reaction time on yields of various products in second stage saccharification of eucalyptus

using MC solid acid catalyst (Reaction temperature: 210°C)

KGTRMEDIR NV 0 — 2 &2 3 fRT 2121%, £ 0 BIEOROERBEAE S LB Th H Z L HBRE S
iz,

T 27T MC il F TR 7s 2 Be B OKRWE(LSUSSRIF & FRER L 72 (Fig. 41, Fig. 42), £,
FOSIRERE 5 432360 2 1 B HAKEBWEL S OFER D6 190°CLL E TR/ — XD 5 iRAE Z » 07
{72BHEEZBNTZDT, 200C~220CF TEL W72 & 2 OK AR O & % 3~ 7= (Fig. 41),

Fig. 43 Changes in yields of various products in second stage saccharification of eucalyptus in reuse of MC

catalyst (190°C, 30 min)
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Fig. 44 Changes in compositions of eucalyptus in two-stage saccharification
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DAL IRET HIE BRI o Tl B2 b5, ZRHORRLY ., 210COEERE L
0 —ADSRICHE LIZEETHD EEX DN,
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1 B BT E AR & [FIERIC 2 By B OKRBWE(L SO S 3\ T b Al oo BRI & fead U7, K EHE
{EEOETE 190°C, 30 43T, AC300 A— b7 L—T7 ZH W CTiT7e o 70, RISHREFES O 1 0 % 8E(IERFE)
DR KIZ X0 Y % 3 [med L. H22q8(60°C) 4., fii & AV CTFRi & MC itz JyBE L. 5 8
MR UEBREITe o7, HAIHAERORM R Fig. 43 18 Lz, Gk, fBEoRRITHE Sz
FETHHERS AT ZENTE, IZT 100%[EUTE 2, £z, 7Ly vaffifft 1[EH) &k
N_C, HHEETKTT 25 50D 80~90%FEEDIEMEZE 5 [ O FHHHAFEBRICEB O THERFT 5 Z &8
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ZENGhoTn, Fin, 2BEHRTH, 2B VEEF ORI — 20K 108% N ETEE-T-F
F.OMR Lotz Z D, 2B HOKBRIGE TRV —ZDNRRE R B4, SR
WHEEZIDICHm ETHRRENR D D & F 2 b,

3. 3. 2 fEbboKENE L

3. 3. 2. 1 FWbbolBHKENEL

F9. —BBKBWEH AR A MET L 7o, AC120 (48 120 ml) BUGZERE 2 AW T, o b Al
FREE/K=15:5:150, 150°C/30min T, /LA AR« 7L AT v RO E MBI T DR B O KER
BEALSOG 21T 72 270, T DOFER % Fig. 45 (R LT, A AFBRBIRBEALIE A~D)YDSE . FKEfE -

30 100
1 90
25 |
1 80
1 70
20 ¢ A =
A 602
q s
= 15 [} A | 508
= A =
2 A A =
= =
. 40§
10 t
N 30
. 20
10
0 0
A B C D E F G

A: SA-J1; B: SA-K2; C: SA-K3; D: SA-K4; E: MPS-5; F: MC-D; G: AM5

I Oligosaccharide; [ C6 monosaccharide; [C5 monosaccharide; il HMF; M Furfural;
Organic acid; A Liquefaction Ratio
Fig. 45 Yields of monosaccharide and byproducts in saccharification of rice straw in presence of
different catalysts (150°C/30min).
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Fig. 46 Effect of reaction temperature on saccharification of rice straw using MC-D catalyst (F)
and AMS5D catalyst (G) (150°C/30min)
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Fig. 47 Effect of reaction time on saccharification of rice straw using AMS5D catalyst

(Reaction temperature 150°C).
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Fig. 48 Change in Composition of rice straw before and after saccharification

Table 11 Conversion of Glucan and Xylan in saccharification of rice straw for different reaction time

Conversion
Reaction time Xylan Glucan
Omin 20.8 293
Smin 59.8 46.3
10min 78.4 52.2
15min 72.3 50.9
30min 75.3 48.1

BRI 722 ERNgnnDd, FT-. Fig 47 1R L2 212, fib b O b= Y 10min LIREIE
FE—ETHDLIEND, 150COKMIBNTIL, ~I Lo —ADHR LA 10min TTTITIEFEALLE
BTL, ZOLBETITIFEAEEITL TV eWnWEEZ 6D, DF Y, 10min DIFE TIIF LS LV
b RO RN A, BN EN B L2 EB 2 b b, 728, 30min OIS THH 18% D 7
A RS TNz, b IR 233% Do —ZARNEENTWAT=D, 150°CDORISIZE
WTIE, BAra—ARNEEAEGR LN EmR i, BLEOREERENG, 150CTIE, 'rm
— ZADKESRINT L A CHITES, L a— 23R OERT DT T oe~Ikrm—2
HkEEBEZOND, —FH, Fva—R MO bEEIFTONI B — R ZORFET DD, D
ERRENDIR 70D L TRTE S,

PLEDRER LV | fitbo b o 1 B H KBBELAMX. AMSD fiftii, 150°C/10min ([ZPE L7z, D5
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TR T oD 78%. VT D 52%DNHPEIZHEHL X U7~ (Table 11),

3. 3. 2. 2 fhbbo2BHKEREL

WIZFRD B D 2 BKEWEL T 1 & 212 3651T 5 e 7 filli e OSSUS Stk 2 it U7z, i 4 F
oD 1B HKRBWE AT o T2k OFRIEZ e L, Al & O538E - BN L7 R % 2 BeH DK
BB LS DR LT,

£, SA-K2-15 filffa VT, BOGFERTZ Smin ICHEE L, B/ —ADOSMRICHLER L0 En
TR (190~230°C) T 1 BOKBMH L GIRE DB A il L=, Fig. 49 [ZR L7z Xk 5 IZIEED
AR, Y THEOLERCED B L, 2100CLL ETC6 FEIEN —EIZRD I EDnbhroTe, &
7oy WTNOIRETHEDEDO CS PR SN, ZHud 1 BEH OKREISITB N T, ~Itrr—
AVWFERITHENT, 2BADOKBISTHMRIN, FIrm—ARERINDEEZXLND, —
05 WS EE DR EDRE O B o T L7z, WIS, SOGRE Z 210°CIZEE L, SUGK
MO EEZ T Lo, Fig. S0 IR LT L 21, SRR RS Zeb L, F U TFEOIED A L,

Fig. 49 Effect of reaction temperature on yields of various products in second stage saccharification of rice

straw using SA-K2-15 solid acid catalyst

56



=&—Oligersaccharide(g/kg) -—M=C5(g/kg) —4=C6(g/kg)

120
=100 F
%ﬂ 80 F
; 60 F
S 40 |
~ 20 F & —
0 = = = |

0 5 10 15 20 25 30 35
=/—-HMF(g/kg) =O=Furfural(g/kg) =C=organic acid(g/kg)

35
30 } —
825 |
220 }
=15 |
£10 |
5 L
0

0 5 10 I5 20 25 30 35

Reaction Time (min)

Fig. 50 Effect of reaction time on yields of various products in second stage saccharification of rice straw

using SA-K2-15 solid acid catalyst

Stage2: 210°C, 15min
Catalyst: SA-K2-15 |

Fig. 51 Changes in compositions of rice straw in two-stage saccharification
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C5HE & COREDILEN 154 TR/ o 72, T DR CSHEDIL R 5.31 g/kg. C6 BED UL & 1T 82.7g/kg.
AU THEOINEIL 23.5gkg ThoTe, LEDORERLI D | f b Oz 2 B H KEWE LS 1F % SA-K2-
15 filt, 210°C, 15 3 IZRIE LT,

P 24 By T OIKBNE L% DARBUSTRE ORI ITRER &L B BEDORS THER LI HEESL 7 17
T —NVEONEZGDE T, Fig. S1ICEL O, T72p6, 1BH (MC g, 150C/15min) KO
2 BtH (SA-K2-15 fififi, 210/15min) @ 2 BAKBBELEOSIC L - T, fgb bRt/ m— XD
PEIL I3 61.7% 2 LT,

3. 3. 3 FRRoKEWEL

FHERI T H 2 R D 2 BOKBWELOSIZ 31T D B IREEAREEOBE L D i B St DR R AT o T2, =
— 71 U & [RIRRIC ERER R SA-K2-15 Z T, 1 Bt H OKBBE LGSR OWRKE 21T > 7=, Fig. 52
VISR 2 30 43 2 [E G U CROGTRE D% | Fig. 53 ICIEMOGIRE 2 180°CIZEE L TG FRE
OB E R FERE T LT, WTNOHEAICEWTH, 4 U IEOIENE < . BEEO &
RN o Tz, BREEOIEITERMEE LT, =2—0 ) OGRS L TW DA, RIS HRI
DKRBEFEACSONTIIT D C5 BER Co FEDINEPMEN o 7o, BB TIEL, 1 BtH (SA-K2-15 filtfif,
170°C/15min) T C5 #EDULEIE 9.3g/kg, C6 FEDILEITL 22.4g/kg. A U THEDILEIL 156g/kg To >
. ZORF, AU TFEREVILETHELILD A, C5 P C6 L EN DTN Th o7, ZORERKIC
DN, HEEMTH I RRIT, BEBTHLI2— ) L0, KBESISENMRNEEZ NS,
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Fig. 52 Effect of reaction temperature on yields of various products in first stage saccharification of red pine

using SA-K2-15 solid acid catalyst
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Fig. 53 Effect of reaction time on yields of various products in first stage saccharification of red pine using
SA-K2-15 solid acid catalyst

3. 4 BFOFERENA A~ ZDEURREKEWELIZ 1T D ATLEE DB D R

ERE RN =T34 RIBIRROKRE SEF L TWD Z &S ARBEE O FEEHNI T 51T —E D
RESLTICHL TOHEORMLENNETH D, TOGERE~DREL 2D XBT D120,
WREAHEH LN EREE L, —BCHiE WO FiERndH 5, 2056, HESNLHTX
NX—%E 2D EMMBRERORERLONEE LV, T2 THHREGORD LR E AW T, [EH
R ARBRECIZ IR T DA ~ AORBE OB LB Lic, £lo, EFERESNR TV~ A 7 v
Z DT RTALERYE & BT L 7=,

3. 4. 1 A F~ RFERPRE D

HEARZNANA I ATHLMOO KNI TRELIZAAXEZ, Wy X —INVTHHLIZHD
(14mesh UL F) EOEBIZAR—A I NLEZHWT 24h TEHIELZZH O (B8, 100 mesh LLF) @
QRO FERAZZN TN L7Z, 2 b 2 HWT, BERERAEE SA-T1, 160~210°C D#iPH T, 5min
DKBMEA SR 21T > 7=, Fig. 54 12 C5 BER N C6 HEDUNR AR Lz, 2 FEE DA 4~ AR
BT EZ LD C5 BEDOUENM E LTz, 72, C5 WOEMRIZER L IRN & D /KERELIEE X
190°CTH o7z, —T7. C6 BEDERUTITMFEONRITIT L A LB SN R o T, ThuE, A A
~ ADFEFAIZ T 2 BEURBR A O SHSMEIC BN S 50 & B 2 T b,
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Fig. 54 Effect of particle sizes of rice straw and grass (susuki) on yields of C5 and C6 monosaccharides in first

stage saccharification using MC solid acid catalyst

—#-Oligersaccharide(g/ke) —+—C5(g/ke) -A-HMPF(g/kg) =e~Furfural(g/kg) -B=Organic acid(g/kg)
-8-C6(g/kg) -8-Liquefaction rate(%)
100 25 16

90 14 F

80 F Zoe\i 12 F

60 | 15 *é "

50 F 2 8 F

5 B

40 F 10(§ 6

30 F % L

20 F 414 5 4

10 F 2t :: —

0 0 0 A

50umil Lt 50umL T 25umELF 50pmEl k£ 50umELTF 25umBLF
By 1X R (X

Fig. 55 Effect of particle size of eucalyptus on products yield
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Fig. 56 Effect of particle sizes of red pine on yields of C5 and C6 monosaccharides in first stage
saccharification using SA-K2-15 solid acid catalyst
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Fig. 57 Effect of irradiation time of microwave for red pine on yields of various products in first stage

saccharification using SA-K2-15 solid acid catalyst
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W, RIRED BRI DARERNANA T~ ATHDH2—H U DR—/L I Uiy (3 FEE) % BEIARE A
SA-K2-15 Z M\, 170°C, 30min TKEWELSEIT -T2, SFOPEHINE % Fig. 56 I~ L7, X
K ORIEN/NELSBRDIZLTEN > TH Y THINEITREDT 58, C5 R Co PN EIFTEMT 5 Z &N
rENTz,

3. 4. 2 ~A 7RO

VAR, BEEHELIEICRB W TR, ~ A 7 B REIC X D BEARE R NA A~ ADORTLEIZ L - CHpE
RN ETH5ZERWMEINTWD, FZTIITIE, ~A 7 o CHREHMLE 21T - 72 IR O [
(R BB OS2 1T 72\ ERRER K BN LS~ DB L R LTz, ~ A 7 RIS, Y
U— : 150W, FSIRE 0 1~5min & U7z, KEWE(L OGS, SA-K2-15 fillfit, 170°C. 30min T&H
olz, EORRE Fig. 5TITR Lz, ~A 7w ORKFFERNE -T2l &L b o3, BE#ZO
IKEEALRSIZR T D2 KA DI E~DFBENE L A EBRINRhoTo, BT, v 7 a
A OFM 00T, AV IEERE . T X TOKREBBECSUE DALY DU EPMED > T2, L
EOZ ENBERR O~ A 7 1 RS CIIARR O KBBELMESME < . ATLEZh R % IEREICFHN C X
RNZ ol

3. 5 ANUFRT—IVRISHEE Z AW AG D b O B K BWE OGS
FEHEIET T, N F A=Ay ABOGEEE (150) Z2flfE - Eis L, N F A7 —VELE
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Fig. 58 Effect of reaction time on saccharification of rice straw using AC300 reactor
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Fig. 59 Change in Composition of rice straw before and after saccharification using AC300 reactor

Table 12 Conversion of Glucan and Xylan in saccharification of rice straw for different reaction time

Conversion
Reaction time Xylan Glucan
Omin 46.1 34.7
Smin 64.5 36.9
10min 80.3 38.5
15min 73.7 33.1
30min 46.1 34.7

MABEDFHEEEDWHESL e A — VT v 7 LT A& E T ORG & O 2 BREE R IR K BB LS O ey
AT o T, BARRIZIE, 1 B A KO 2 B H OB B & OV 2 O S 70 UG ST O BIE
M OVEREM A0 B9 5 72O O FOGE \ ALIAT ETRW IR EE O 21T o 72,

3. 5. 1 1BHDOKEFE AR K OBUSSIF OB

AR X 912, Fab b 1 B B AKBWE LA AMSD, FUSSAE 150°C/10min (IZHRE L7223, A
=Ty T O, IMBGEE PRSI DIRESMORENH L Z N TRIND, 22 TET
AC300 (FFE300ml) SUSEERE %2 AWT, 5MEICAr—L T v 7 L TRISHMZ LS8, bbb o
KRB A 150°C/5~20min(fGi0 & < il : ZKBI7K =15:5:150) TIT72 VN, Bl ROGIREfH] 22 5K D 72
fER A Fig.58 T8 L7, Fda AC120 RUGEEEZ W a LRI CEBm Th o728, C5 HEE Co HE
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DI RIFEIT & HIZ 15min THE S AL, Smin OENNAE U2, ZHUTIGEENRELS D Z LIk
> TGN OIRENMEDOEHENELTbD EEZBND,

[FIRR K BB L S 6 R SO D% i 2 AL L, NREL % Fl W CROGHBEE I EORE 7V h
VROF VT RS TV DD E A=, Fig. 59 (ZHG R OB ATRERR O SUG AT DR DO AL & 7R
o BUEHRLAR & He D & ROSKER 15min AR CliE, I ZIESUSTRIE R O 7 v 51 oG8 Bl B by e
WZ N ginoT,

Table 12 LK ¥ . AC300 K Jga % AW 2354A . 150°C/15min TR KOEAERNE S, Z O, fiid
HH D Xylan D 80.3%. Glucan D 38.5% N HHEIZHRHL S LD Z L 3o T,

UEDORERLY, ~Ivra—RA&2nEd 252 LN TE 7 150°C/15min OGS E 1 BEH Ok
WA & UE LTz,

WIZ, A7 —EIHIZT v 7 LT, ACI500 (& 1.5L) KESEEE ZHIEL, 30 fFIc A —
NT w7 LT, A Al T LU AT v RO KM 31 DR & OKBBE LG 21T 7,
NAFTE ) —=Na N A T ANLIELRRIZIE, BH, R LROREZES L, £TOH%D
HEET N a—VRELZELS TOMERDH D, THITHILIZE-T, =& ) —/LOKE - IRifE DEE
TANX =T HZENTED, LER- T, AEEOR ERER T XX —OHD -0,
FOSEH AT EEY) (b o) OREAZ TEXHRTELTH28ERH D, £ I T, bbb &filio
tb% 90g : 30g IZ[EE L. KD EA 600~900ml DHFIPHIZAE X 5 Z L2k - T, JREHEEY b o)
DYREAE 10, 12, 15%IZZ s H, il AMS, 150°C/15min C, KEWHLEZITo72, D

Fig. 60 Influence of the concentration of rice straw on yield using AC1500 reactor (150°C/15min)
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Table 13 Influence of the concentration of rice straw on Glucan and Xylan conversion using AC1500

reactor
Concentration of rice straw
10% 12% 15%
Glucan 41.7 38.9 38.1
Xylan 83.8 81.7 71.8

Fig. 61 Effect of reaction time on saccharification of rice straw using AC1500 reactor

(Reaction temperature 150°C).

Table 14 Conversion of Glucan and Xylan in saccharification of rice straw using AC1500 reactor for different

reaction time

Conversion

Reaction Time Xylan Glucan
Smin 71.2 44.6
15min 83.5 39.6
25min 81.7 38.9

fER % Fig. 60 (2T 23, B SIREE Z 2 L PRI Lz, ZHOORKEREY | ERDIRE
NHDHIEER L. 80%LL LD Xylan SR G BT 12% D BEFEWIEE 2 VT, SOSRR OHRER
#17-7 (Fig.61), KXV, C6 ¥EIE 150°C/5min THAK & 72D . Z DI 21.3% DOFEIE NG BTz,
—J77C, C5B§IE 150°C/15min THENEDN KR ERD . T O 9.8% D C5 FEIEN G DTz, C6 b
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Fig. 62 Change in Composition of holocellulose of rice straw before and after saccharification
(AC1500 reactor)
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Fig. 63 Effect of surface area of ZrO,/SO4> on saccharification of rice straw (230°C)
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NDEELTWDLIbDEEZIBND,

F72. Fig. 62 TR LT BERIE SRR A2 LD & 150°C/5min TlX, 7V 71 )5 28.8%, F
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SA-K2-15 MC-Si MC-D
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Organic acid, Liquefaction Ratio

Fig. 64 Yield of monosaccharide and byproducts in saccharification of rice straw in presence
of different catalysts (220°C/0 min)

®Oligosaccharide ; [l C6 monosaccharide; C5 monosaccharide; X HMF;
Furfural;

Organic acid; & Liquefaction

Fig. 65 Effect of reaction temperature on saccharification of rice straw using MC Catalyst
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(Reaction time: 0 min)

+ 5 & . 150°C5min O, EiETIZA~I LT — 2138 TI%EEL TWH EHETX 5, DL
XV, sSmin OISR TIEA~NI B e —R T EE IO EN T enweEE2zohbd, —FH, K
JERFZY 15min ([272 5 & FRIET O NI U EFFRIT 238% L7 >TWDH, ZOT NI ERAERIT
FIGHRRD BIFEOE L0 — 2GR LIFTE LN &, SHIZIE 15min SHEETOX T
DIEIE RSN TS Z LD, 150°C/15min TIEfGH O~ L — R 3RE I H O
CHEEREND, MBI DLE, Table 14 IR LTZXHITHFTT D 835%., Z T D 39.6%(5E
HIZE N DL —RLSD C6 FE~DFEL AT REE D 77%) 23 BPEIC i SAv7z, LA EORER L 0 |
AC1500 SSER % - 72354, 150°C/15min % 1 Bt B O 72 OGS EfEim ST 72, 2 05T,
AC300 FUSEERE (300ml) EIFIERE T2V, 120ml OFUGEERE AC120 & T, K Smin F2EU0EE
MNEL o7z, ZIUIRISEBEOFEENRKE K 2o T-12, SRR AT O A IR E &
ENHTEb D EEbN s,

3. 5. 2 2BHDOKEBE ALK ORISR DB

2EEH ORI 1 BEH ORISHIRET IR > T DL —ADONRN BN TH L, LIR- T,
—EEH LD L AT D ERERARE IS K mV KBV BN NI L 72 D, 2T Zr0, X TiO, &
BALTEAYR—=F A BHAEK (SBA-15) 12 HIZHEE(L L 72 SA-K2—16 <> SA-K2-15 D /LA
ARUE KRR & | RFEZEA LTZ[F UK S HICAVRIEEZEA L7z MC-D X° MC-Si %D 7 L
VAT NEREIE AR L7z,

F7AC120 (120CC) D JISHEE A T RIISFRIE O KBWBE LS 2 210°C~230°C/0min(Fig 1>
O fifli - ZKREK=3:1:30)T 2 Bt H DI 2 il ORB 21T o 72, 7eds, B A SUSER N O EE 23
TEROGLE F CLEE U7 RS & SOGKRER] Omin & 457E L 7o, REEO R 20 v a =7 %Hwn
T 230°C/0min TIISZEATV, SRR OILES g L= D% Fig. 63 IR L1z, ZOREFEN
B, 1EBH & RBRICIRE R ORmEO K E it a =7 i oiEER & < o7,

I, ANVHRALLTET Lo ATy Rl MC-D, EKmfED e 5 MC-Si filtfit, /1A A BU[E K
fibliE SA-K2-15 % VT, 220°C/Omin(fgio & « AL : 2888 7K =3:1:30) COTEM: % bk U 7= (Fig. 64).
4 & o EPEIL, MC-D>MC-Si>SA-K2-15 L 72 o 7=,

PLEDOREFR LV AC1500 5 T D 2 Be H IS O it 72 fillfi & L -C MC-D fillfi 233 & L 7=,

RIZ MC—D filtfiE 2 i T R O 2 Bt HOKBWE LRI 361T D BOSIREE | BOUSKRFR O i fb 4 f
ALz, EORERE% Fig. 6512 LTz, KKV WTNDISKRHTH 210°C~220°CIZ /T THpEI &
MEINL, ZDO®RIEADT D DN, Ziud, FOSRED 230°CIT72 5 Ll o AL s &3 Sl
(ZHEINS 2% — )7 CARR LT B OB R MEE S D72, BN ENBD Lizb D LB X b,
725 MC-D filliit 2 F 72 KB LSS IR WO T, 230°C Tl e MEtE S 5729 2 BEH O
FOSICIERGRENETES L E 2 b5, £ 2T, 230C & 0 IREM CRIGHMAZ 2 T, Kk
WAL OB E1T 272, 200°C~220°C/5min &}, 210°C~230°C/0min THUG S W 728556 O KA AL
4y DI Z% Fig. 66 /77, K&V EUSERR 0min O3A1E 220°C TR KD C6 FEILE: 23.6% 7035 H AL,
FOGBEER] Smin O54513 210°C T KD C6 HEILE 24.0% 3% BT, £ 72,220C/0min & 210°C/5min
DI R R B % L2354, 220C/0min XV D 7pinotc, LEER-T, ZO5RME 2EBHD
Bl OSSR & LTz,
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Fig. 67 Changes in compositions of e holocellulose of rice straw during two-step treatment

69



Flo, TNOORERLIY . 2 B LT v AR T, FaEEHH Xylan @ 83%. Glucan @ 66%
DHMEZEL S (R et ra —XFRb DICE ENDHELATEERR) D 69.8% % HMEIZHAH#) , WKIZ
b bEHAWT, 2B Y vt X1231T D 4B T o fi 72 il K OVSORIR B IR & BR SR L7,
ZORER, 1B BT AMSD il 2 FHv T 150°C/15min, 2 B¢ B Tl MC il & F T 220°C/0min 73
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Fig. 68 Production of bioethanol from lignocellulosic biomass waste
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Abstract

Envionmental problems such as global warming and fossil fuel crisis are becoming increasingly
important worldwide. Utilization of lignocellulosic biomass has great potential for the renewable
production of chemicals to decrease net carbon dioxide accumulation in the atmosphere. Extensive
research has been carried out on the conversion of lignocellulosic biomass to bio-ethanol, based on
two stages: saccharification of lignocellulosic biomass to monocaccharide, and fermentation of
monosaccharide to bio-ethanol. Since the first stage is more difficult and costly, development of
economical hydrolysis technology will be key in the production of bio-ethanol. Seveal hydrolysis
technologies, including the use of inorganic acids, enzymes and high temperature compressed wate
have been widely studied, with wach method having advangages and disadvantages. Recently, we
have developed a hydrolysis technology of lignocellulosic biomass using solid acid catalysts. Rice
straw was used as feedstock in the saccharification. A stable supply of lignocellulosic biomass is
another problem to commercialize the technology because the growth of various biomass is seasonal.
One of solutions is to use various lignocellulosic biomass because there are a lot of lignocellulosic
biomass wastes such as construction woody waste, and agricultural residue etc. in the world. However,
it is clear that the different type of biomass has different composition and different reactivity in the
hydrolysis. Therefore, it is a challenge to produce bioethanol from various different types of
lignocellulosic biomass wastes. The purpose of this study is to develop a novel process to effectively
transfer various lignocellulosic biomass wastes such as rice straw, woody wastes etc to valuable
monosaccharide.

In the present study, we develop several solid acid catalysts including Lewis type and Bronsted
tyle acid cataslyts which has high surface area and controlled acidic properties. The behaviors of
varions components present in lignocellulosic biomass, i.e., hemicellulose, cellulose, and lignin are

investigated in the hydrolysis using a solid acid catalyst. Further, a two stage saccharification process



is suggested in which the hydrolysis of hemicellulose preceeds in the first stage, and the hydrolysis of
cellulose component is discomposed in the second stage to maximize the yield of monosaccharides
including xylose and glucose.

In 2011 fiscal year, the effects of synthesis conditions of a solid acidic catalyst on the BET
surface area and microporous structure, acidic properties and catalytic activity in saccharification
were investigated. Sevearl solid acid catslysts including Lewis type of a high surface are of 50-200
m?2/g, and Bronsted type of a high surface area of 100-480 m2/g were prepared. Then, the
saccharifications of rice straw, eucalyptus and model compounds such as cellulose and xylan, lignin
were carried out in a batch reactor. It was found that the reactivity of various componets present in
the biomass decreased in the order of hemicellulose > cellulose > lignin.

In 2012 fiscal year, the hydrolysis of various lignocellulosic biomass such as rice straw,
eucalyptus and red pine etc in the presence of a solid acid catalyst were carried out at 120 to 240 °C,
for 5 to 60 min. The optimum solid acid cataslyts and hydrolysis conditions for the first and second
stages of were investigated. The best yield of monosaccharides of ca. 62% for eucalyptus was obtained
under the conditions: sulfated zirconia, 170°C, 30min in First stage; sulfated titania coated
mesoporous silica-SBA-15, 2100C, 5min in Second stage. Similarly, the best yield of monosaccharides
of ca. 62% for rice straw was obtained under the conditions: AM3D catalyst, 150°C, 15min in First
stage; MC catslyst which is sulfonated carbon coated mesoporous silica-SBA-15, 220°C, Omin in
Second stage.

In 2013 fiscal year, scale-up of rector was conducted. A reactor with 1.5 L in which a internal
heater and cooling coil were set was designed and made. The saccharification experiments of vaious
lignocellulosic biomass were carried out using the reactor to investigate the effect of scale-up on the
performance of the catalysts and yield of monosaccharides. The optimum catalysts and hydrolysis
conditions in two stages for various lignocellulosic biomass were fixed. No significant effect of scale-
up was observed. In addition, a feasibility and economic evalution for production of bio-ehtanol from
rice srtraw using the solid acid saccharification process was conduced. The production cost of bio-
ethanol was 90-100 Yen/L because the stability of the solid acid catalyst (only for 4 recycle) and its
hydrolysis activity (Yield of monosaccharides of 70%) are needed to be improved. In the near future,

the cost could be decreased into ca. 50 Yen/L.
Keywords

Saccharification, Solid Acid Catalyst, Two Stage Process, Mesoporous Silica, Lignocellulosic Biomass,

Rice Straw, Eucalyptus
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