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HEAMMBIESN TS T AF v 7 O
Bbsh A RLERTRE/R Z & D, NS F = AND
L ESCER JFUBF~ D MBI T D HI TV 5,
N=7p EORBFAONRICE L EENDLXFTF
X, BARTLZEICERTHHOD, 1ZEALEH
PRASNTE LT, ¥ F 2 bW EICE
B DEIRBHRE RO DTV D,

B3 RNE T T AT 7 DR 72 DELERIE,
FERUERIOY MU EOREEIC LY RE
ENTWDN, AW TH 5 LIRS EEROE
HEETSEIMERS D, 7o, KERNAA A
~ RIS EENL BT —A0G | [ERfRE A
FIAH L CHBRIC BT D EANITHME S Tnd D
LosL, BERDFIH ST nd T2 b fil
2 AT FLEB ~ D BRI TS ST v
VY, F ZCARRIIE T, k& 2R BRI 2 F T
X TF U b HEEE BIET HEANER 1T o 72,

2. EE&

filftt & LC, MgO., ALO;. ZrO,, CeOz, ZnO,
TiOa. B L O Si0, & iV T2, & F DRSS,
WAEAE 100 cm’® ORI RgR 2 W TIT o 72,
BOG#ENIZFF 0.5 g, /K50 g, fitfi 0.5 g &#E
AU, ISR EZERZET A TER LT, RISEE
(533 K) T 6 RFRUGL S, WmEIZICAIRIC L
O ER BT o 7o, WRIKRICE EN DR %
HPLC X W EE L7z, 7o, WP O R
F (TOC) Z=AMRFFHT LV IE L, Rk
MOWEL L TOC 1, ¥TFUICEFENDIKFE
ENAEAEFEREL UCEHAE Lz, SHE O % |
XRD £ L X TG-DTA Z W THHT L7=,

3. BRBLUBE

XF UG & LT 533 KIZ TR & 72 [l Ak
W2 TR S E 72 G R % Table 1 1ZR7, filt
BEZTIM U2 WRIS T H RS AR LT, T
X N-TEBF LT vat I a2y E+5%

Bl bk

B JE4T * « ZAF A -

S L) Bt
g & *

FECTHY, N-T BT NVEOBT T IVIRIZ LD
FERE N A R LTz B 2 bivd, HEEONERIL, fi
A LR s & 1.5%THh - 7255, Mg0, ALOs,
ZrOy, BL W ZnO MR T2 & TR M E LT,
KrlZ MgO Zfiffit & U CHW & 2R b WV EL
FRI =R (10.8%) 233 HiTc, ZDORNIZ MgO D
WEMPNED THL LEZBND, XRD BLD
TG-DTA HIEN G, SUSERIZENY U 7z FEARFRH 1
Mg(OH), Th 5 Z LN phote, DF D, fill &
L CTHWZ MO 1E, BUSHIZ Mg(OH), (225 kL
TS ZEBRALNE ol il A A% E
Mgt Licl 2A, HBIGEEMET T2 2 872 <
B UMEHARRETH D Z B30T,

MgO filtt 2 -T2 00 5 FLEE ~ D WAL
JGNERETH D Z R E T,

Table 1 Yield of products and total organic carbon in
the liquid fraction from conversion of chitin with
various metal oxide catalysts (chitin 0.5 g, catalyst 0.5
g, water 50 g, 533 K, 6 h)

Catalyst TOC/ % Yield / %
Acetic o
acid Lactic acid

MgO 57.4 13.5 10.8

ALOs 51.9 14.5 6.2

Zr0; 53.1 14.3 3.9

ZnO 50.5 13.9 34

Ce0O, 53.2 14.1 0.7

TiO; 46.4 13.1 0.4

SiO; 47.6 13.1 1.4

No 49.5 14.6 1.5

1) Wattanapaphawong, P., Reubroycharoen, P.,
Yamaguchi, A., RSC Adv., 7, 18561 (2017).
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% < DAL R EA IR CTH 5 A THEIRD D
AFEIN TS, FiferRE/ B APE 7 1 & A DOt
HEDI=DIT, KEAA A~ A% B TALE RS
OGN IR AT TW5E, KEAAL A~ A3t
IH—A ~IELu—R U T=D3KSTE
IR SN TWD, V7=, FERNT—T )L
FEACRB-IRFRE L 72 & Bx e To v &
LITHEA LG E LCTRY ., V7= 0Em i
WX BEFRACEWRE O D[], MEmICiE, U
T = DZ—T NVAEGENL AR T v a— iz kv
AR ST 5 2 LT, =—T A ~OE 7L
HfECc& s, VI/=vHOZ—TLEEDOOE DIT
a-O-4fEENRH 5, RFETIE, VI/=rDa-0-4
AWM ET UEEmE LT, R L7zl
—T L EAWT, EiRA X — LK T T O
BES RIS DD TR LTz,

2. E B,

I RS IE, Ny FRAT o b RS
(6cmd) &AW TIT o 72, FUSENICR U VLT = =
NE—7 v 01mmol, A% /—/L0.0-3.0mLBIN
K0.0-3.0mL ZhNx 7z, ENAEREHBL, R
N % W TOSE Z AT E OIREICHIE L, FrED
RERTALEE U7, B biRBE2EA LT NIE, £55
B L= O BICRSENIC R bRELAEAN (BA
JEE 323 K) L. W RN THIE DR L 7=,
BORE 2K« JE LS 28T S, SONRIR %
BN L, [EMKE A2 v~ k7 Z 7 (GC-FID) |Z
THHr LT,

3 RRLEBE

FOSTRE 573K T30 0. RN VL7 = = )Lo—F
i AR ) — VKRR CTRBE L R A2 X 1 12oR
T, KIAEBE (A X ) —LFEASE 0) Tlk, vy
NT =& 7 x ) — LG5, MK RS
MEAT LT, AZ = VR TIL, 7=/ —k
ML U BAER L, BV RIOSISEIT LT, AF
U VAT T LDy 7o, A X ) — VKRR
T, "7 ra—Lret 7 /) —)b, bl
Wz, RPNV AFLT—T )VINER LTz, 7K 2.0
mL & X% —n11.0mL ZEA L7-BRICEEBRE FIR
LA 43.014.3%, NP AF LT —T )LD
L LT58E0.7%FFbIEKIZR T2,

RPN T 2= —F )L A E ) —VDRIET

P, KERAY )= VR IITFT B A X ) — VKB
FCHEITI 5 Z AR E T,

AP TERCIR B AU U, VA3 iR S e
ETIRIDRIZOWTI Tz, K (20mL) &A%
7 —L (1.0mL) &2 323 K T 10 MPa ® —i{k.
TR L., ROSTEE 573 K, BUGERR] 30 43 TR
UNT = m—T LR B L RS E RS
W 65.1£2.3%, XU AF )L —T )L DILRMN
14.840.7%~m b U7z, A L7z kiR & KIC
KRB ER L, REHXO T 7 N AERKIZED
RO T T kBB U VALY R S G DNE e
INTEEZTVD,

K: AR S—)Lf mL: mL

3:0 2:1 1:2
302.550.5‘ 1.5‘:1.5 . 0.5I:2.5 0:3
©/OH
25+ N i
20
R
# 15
=

el

: . .

0 0.2 04 0.6 0.8 1.0
A/ — LB E -

K1, NPT =) —T )L O NIRRT

JRIZBIT B KIA X ) — I RE D8

RV AT LT —T/L (@), XU NT I

—L (M), 7=/—)L (A), Fr=x=r (V)

FOGREE 573 K, JUSIREH] 30 43, K@ A X 7 —)b

=3.0:0.0-0.0:3.0(mL : mL) (0.17: 0.0- 0.0: 0.07

(mol: mol))

4. BEER

[1] A. Yamaguchi, N. Mimura, M. Shirai and O. Sato,
Journal of the Japan Petroleum Institute, 2019, 62,
228-233.

AAFSEIT ISPS B 18H03421 DR 22 1T 7-H D
b(\‘ﬁ‘o
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_LHV; fO riginal Biomass

'H 1

FEOHxTE Flg4 BRI
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4. BEH

1) S.Kudo et al.,Fuel 103(2013), 64

2) kB, BARIRIILF—2=5E87(2008), 1031
3) 4%FH 2020-56065 &

4) EHS, BARIR)LF¥—

iFU.-‘i J? LS :n: |'-J_.-',=:j

A A S+
F=a

99 (2020), 165
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1. #E

{bRkdn, ERLOEEE LTRSS EEH1b
EMIAMEFREBHC T v =T A EA L TAK S
nNTns. L, TreE=7HEGEARISHE
REERETIThN AT R X — B BN KX
V. GRS HRGERRER T R VAR TEN
X, 7 U =T A NSNS ANE TR E TR~ DRTT
EREETE5. 7ul idhRx v EokEL
THBAE-CEIR MM EA R SRS 71 Y
J = IV~EHARTEETTH DAY, BRI O AL TlIkE
ET7 NI =0 L) F U LEHEETHI-OaT A NRE
BTG AT D, F 2 THRY IR L ATRE THE
FEWEEF R OERMEENE TN D, &
va U DBk RS LR VBRIRME SR BB,
MoOE ffi RhfRBE I I A E SR T C—Hk T I 2 1D
7 2/ B OKFEACIARBEEE 2 2R3, B SE T
X7 2 JBO D IVIRF VDA A AR SN D
TDKFILESNT K D EHEHI S D, ARAFZET
ZZDOFEHEZBRIR BT I THEH T ) AR
L, #HEFFELBICMoOE RN L= il 2 FvwC U v
er Mz i-d&tcoL-7al »okELEIT- T

(RAF—L41).

Ho9 s+, ho R 2 ]+ &
o =2 [ % | = O
=DM Fa /=

H

N

________ O . ()

ey

2% —Ahl ol rokFEL

2. EE

Rh/AILLQO3, Pt/AI203, Pd/Al,O3, Ru/Al,O3 (?EJ%ES
wt%, LI#%Rh, Pt, Pd, Ru& #3id) 120.625 wt%dMo
23 % (NH4)6M07024 + 4H,0 % KV 1 T oz
FFsH#7-1%, 110°CT—BtLL L rzf,, 500°C T3 hiEak,
400°CC3 h/kFEi&E L& 47> 7= (Rh-Mo, Pt-Mo, Pd-
Mo, Ru-Mo & Z30). il 72 8 1ZMoOW/Al,03 (Mo &
Fik) b L7, @B EZTEMTHZ LT-.
300°CCi& ot L7-%%, 50°CTCOfL 7 45 & 2 E L,
%7 CO/Metal & /L L2 FH L7z, [OiaiZ0.2 mol Lo
L-7"'a U VKR 2 gl fikii£0.02 g, U U EEZUSINT
H¥E121%0.4mmol & il z., /K32 MPaH110°CC1.5
hi#fh L CiT o 72, AERIZFID-GCTofr L7-.

3. BRELUER

F UL Bk 788 & T 3 CO/Metal & /L b % o5
T W F RO E MoORINEE & /N &\ vk 58 % #E
L TWwW7=. Rh, PtTIIMOOGRMIC & » T #

FTHABkES L L

BAES  kE - A E

SLADOL NEERBOS

CO/Metal /LT L L7 s o 7228, Pd, RUTIEJE
DLz, [UL-7a U KR FIZEBT B Moo
DOREZRT. U UBBIFET, MoOxZ2 L Ofiliit Tl
Ful )—erul) VbW KRB LERDIT
54780 o 72, Rh-Mo, Pt-Mo iz % 73100% T
7a Y ) — VBIRK|I44% T 7. Ba ) Uil
EL7=. )5, Pd-Mo, Ru-Mo iz~ a U J — L/
L7y o 72, Mod A, L TURhEMo, PtEMoT
MBIRA L2 3N EIT Loz, U Uk
UL 72\ & X (21ZRh-Mo, Pt-Mo | T & Bk 3T
&<, vl ) — b ER Lo Ta. UV UBBOR
IR Ot 2R L 70 ) OV RF Uk
DA F ACEIHET 5720, b U REEORES®
TR R0 AKFEREIT LT ot & &
2D, il B aE S EEEE (D VR U ERD
ET V) OKRFALIEFRZ BN L 7zin-situ IRFEATIZ,
MoOxs 7 ) D B LR F v D KFE (R F
— A1, () ={EET 5D T, Rh-Mo, Pt-Moix~7' = U
= NVEER LTI EERE LTV,

#1 &Rk F£ & WAECO/Metal & /L L

EHRFE /nm I%j&CO/Metal EJLLE

MofE Mo& Mo£E Mo&
Pt 3.0 2.4 0.23 0.20
Rh 2.8 2.9 0.43 0.47
Pd 3.1 25 0.44 0.11
Ru 3.5 3.4 0.14 0.02

YUEL-Tn)y =21

)80

100 ¢

Conversion or Selectivity /%

= o 0 0 o o' o' 2
x®daes32333 =33
E 2 fF fgawt

MERE

@ ELE B:7OU/—LERE, oy UBRE
X1 L-7v Vo k#E{ (110°C, H22 MPa, 1.5h)

BEE  AWITEO— I IISPSEAIEY 18K 14261 DBIRL A5 1 F
7z.

1) Tamura, M., Tamura, R., Takeda, Y., Nakagawa, Y.,
Tomishige, K., Chem FEur. J., 21, 3097 (2015)
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1. ®E

AR CEADLEMEN G E > TWDFHA
AEDRLFX—D 1 2L LT, Bilro—RAFH A
T K ) —I)VBE)BEND DD, RIERFM % i
RTE TR, L LI, KR BE 2 Az
REL AT LD VAEATEBY, Bl —2
FBE ZFEALTE HA[EEMEN TTE TV S,
B R CITRBH R A TH Y, BEIRES
RV AEFE T O DN IRE NS EICRET D,
Tz, BRNIZIZINT7ENREEHY, ZEOX]D
ENBEIESND, DI, BEEEXESCHHE K
TIEEREMTHDL AT 4 — 8 VIV T ADOFE:
MNEBEENTWD, 2 TAFETIE, bk
FHAANA <22 a X TR X
W7V a3 — V3l S, IRRE T )V 2 — VISR
ZEEROTREIERREEIZ OV TR LT,

2. =R
2-1. BEEREDREER
FEFERFERL LORI I RE (LT, REFERE
MEWET) ZEET LI LVREIE LD,
REFEEY ZIWETTIHRNT 2KEICONTHE
ERBERER 21T o 7o, EHEFE BRI IR S T
Bl s A 47 7 ) ao—k 2 —0b
BEN L7270V a— L3RR Saccharomyces
cerevisiae NBRC110703 2 L7, HREEZEY
W 7V o — gL B H Saccharomyces
cerevisiae NBRC110703 52 % 1 vol. Wil
L, 20°C CHpfEEE LTz, /v a— A (Gle) IR
(& L7 AV SRR (BK), 7 v =2 — X CIT-7
ARTa—) Lxk ) —)L(EtON) BEIT F-F% v
M =% J—), Roche/R-Biopharm #f) % fWC
WELE, SBIC, BEREZEODBEL, 0k
WEHWTHRAREIEM S v & (Horizon,
Ethanol Fuel Cell Science Kit) Z MW\ THE
ABR AT o 72,

2-2. EIO—RFBNAFTRADEEL, HKEE
RN BEIE A A~ 2 DHEICIE, BUAE R IR
Fusarium sp. 72-1 8k (GL[RIAFZEE, SLAvEEK
A B A TR - ARBURIRL) & Ve,
TP, MEEELEREEERRNA A~ AZONT
HIHRBR 21T - 72, RIS, BMICLERKETE D
BEHENA F~ A L U CEAESIKZRORHL « FlER
BRA&AT o7z, A (FRERETRAL) N0 2 (e

v N =7 Z 7R ZHWT 72-1 kA 15-mL K
HZ7haryFa—TNE ) akk) THERE
%, INEALER (55°C, 1 h)IiZX D 72-1 #ko H CIR
W (B CVHbEERIC X 28{k) ZFIH L TGle &
WEE S ¥ 72, Z oMbk s
NBRC110703 ZAHiEE L, F¥ v /&L 28°CIZT
ErEREE T2 (FEBR 1), WIS, B ehERm |k
ZHBE LTHEMREBETL Y (v —F, RE-T2,
2450 MHz, 700 W) Z Tk a ~ A 7 v e
L7=%, bl L ORESE GER2) . &6
2, RBEER EZENE LT, RBE D REEMN
ZRET U7z, 20 g/L Glc ZKISHRIZESERE NBRC110703
FRARERE L, BB LR O &HE I C Etod
ERERZHE LT (FHR3), £, 72-1 kAR
IRPEFEBERE 2 A L CUN 2o OolgRE S 72-1 FRoodt
WA RS LT (FEBR4) , ZRRICHR L CIEBR 2
~A4ERAE LIZERS ZITo72, BT, AT —
NT oy TEBEE LTI RT L IRy ¥
— L&A, FEICKEZRES -5 EMREL L
THSe~ A 7 m i ieite (E2) |, Bt - B
R AT (FEBRG) |

cerevisiae

72-1HR&EER

NAF TR

7K

dP3I0cm AT R v—L
K1. REEONER

3. BRELUBE

3-1. REREDHE

HEFEIEW OFFERC I T D KRS TINEIZS
WTRHT LTS, ImIAKEIZ o2 1:1 (w/w) 23
BWZ Ebhotz, 22T, WKL CTHREE
SHTRER, Vo dBIOEEHETEREND 6.4
~6.9 vol.% EtOH, A7 ¢ — FY LI LPEHIED>
51X 6.5 vol.% EtOH 2455 Z LN T&E 7z, BEFE
U=, BEREE, BEMPYNOLKEX6.4, 6.9,
5.3 vol.% EtOH 235 Hiviz, 7=, BEFEFLERE
R MO TRREFEEOB%E), BEZMHR L. £
OB SN R RKEEIT 1.1V, BHEE 28. 1
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mA Thoto, £72, BEITHWT BB 3 [Pl
W UBREIEM A2 FE S D2 ENAETH -
776

3-2. EILO—RFJNAATRADEL, FKEE
T2-1RRIL, 2, Kk, A X RV, BAFIC
WIS D EMTEDL A A~ AL, FEX/R L
DEIITHEIEL 2 WA, A~ ARH DI ENRD
Mmooz,

FEER 1 T, 72-1 BRIC X D31 A~ 2Bk

0 A%k H ) 9. 36 mg/g—dry, X'JUzi)>%1i’J
3.93 mg/g-dry ® Glc N Tx 7=, F7=, Kk
M5 0.055+0.012 vol. % (GEEEZR 40%), XD
Zh50.020+0.015 vol. % (GEf%EER 39%) @ BE
BEHNT-, FER2 T, %%1kw&mp%f
([Gle]) IXFIFREETZ o 7228, 2% 5 0.15+
0.024 vol. % BE Eb iz, EBR 2 IZBIT 53
BERMN 100% 2R T2 Enb, ~A 7 o Le
(2 &> TEEREDSFIF FTRE 72 Gle DA OREMN AR X
N EITED EtOH ERENENLZEE 26N
%, FEBR3TIE, FBERRGND 2 d DIRE O W
2 XK o THEIEEE &t~ EtOH AEENK) 2 212
7ol FEBRA TIE, BERFEMURSERC I, J5
B2 X 0 BtOH A& 2/56 [IIKF L=, —7,
FER 5 TIFIRERIC LV HBEEH %5 d O [EtOH] 23
L3fFEA L (M2), Zo[EtOH] D EFIX,
BR 5 OIRBEHRTPICAFAE LIRS B R L 72-1 ¥k
DIEICBWEEBEEZ - EEZBND, E
Bre ofE R, Kkl g-dry 22HHRK 175 mg-
Gle/g-dry MG 541, ARKBE 1% 0.5 vol. % EtOH
FCHESELZENRTE, T, K1ITR
THREAELZ NS Z LI LY, BEERRRICBITS
HEREN BRI N2 B2 B b,

0.10 |
9
§ i
% 0.05 i —o— R E Yk
)
g —— HFEE
O 2 2 2 2 3
0 1 2 3 4 5
e A=EdG))
2. BEREMKEEL 12-1 BhEEBEROLXEE

[ZH11 5 EtOH £ EEDLLER

A L EE BRI B W IR L D[

A AR (B50@AH - AMbFRE

W BERE 7 I OTAE DB 72 DA
7a—7 (BENATT 4 VL) R FEWE % 2
FEALESEDEWVWIRERDH D Y, ZOEES%
WL, MERTF v T EMAEmERE U THW SRR

X, HRZR L & Bl L C BtOH A2 PEENK 2 fi5
Zm B L7,

SE R

1. BHEh, A=, TNEER, (KK R
HEEERT D44 X ) — L OEHH
FIREAMT, A AT 4 7 R&D LAR— I, Vol.

98, No. 07-08, 520-521 (2016).
2. WM, SPLE, RS, RIRERN, ARk

B, MERE, ABE B L OEHRE OES /N1 4
7 4 VLB E FORA, A IEEEE, B
89 %, 582 478-481 (2011).
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Y,0; iz LA L a—ZAnE O —

T S
CiEN T T
ESICB *#***)

B Eub HOEL 2L
O RKH* - AHB fw]* -

®E

FLER(LA: Lactic acid)| &0 i#E 7T AT 4 v 7
T kR 2 AL O BB A RREN CH 5. Bl
7E LA 13, BHEORMH DWIIT7 VT e Fe v
TUBEVHAB= NV, A TF VT ATV
BOAMIEIC LY TEMICRESINL TS V. L
MWL, LENSEMTHDLZ EOEmIR - &/ETT
DRIETHDHZ L7 EORENRH L. L 7Y —
YIORENFR AR T X R 7pflEs & U CE A A
k5 —Eh Ek(fﬁ\*ﬁﬂéh“(b\’é Ll
Glucose 705 LA Z—Bt T 5 72HI12iE, Ak,
U ka7 v K=V, K, 7}'(%[17&.2.@&[5%:
DRI« JRINAYIZHEIT S8 5 DB 5 (Scheme
1. ARBFFETIE. Glucose 25 LA ~D—BTD
BRI DOW T, Flix ORI ILY KR L
W R TET 2 T7e oo & 2 A Y205 i
PR CEWIETLA #5252 L Y203

% SiO ICHEFFEE S 2 LI Ko THRRIE D M
B RV R e s DYt
HO
%__*WL
GI Dihydroxyacetone Pyruvaldehyde
ucose DHA (PlA)
hydration
rearrangement
O OH l
OH G cheral d ehyde o
OH (GLD)
Fructose OH
OH OH
| O H Lactic acid
LA
7% (LA)
5-Hydroxymethyl-2-furaldehyde
(HMF)
Scheme 1 Possible reaction path from glucose to LA
2. E8&

Y05 filtiIX, Y(NO3);-nH20 7> HiLEALEIZ LD
FHEL U 7=, HEF Y,0; X, Y(NOs);*nHO %
Y,0; Ji. SiO2(JRC-SIO-13)ZfH{A L L CEIRIEIC
TR LU, BOE, 50mL A — k7 L—TIC
fihlge | LB ARBEKZ N ZFTE DIRE Ciile -~ 7=.

3. BRLER

Y203 (T IXME A BR EE 3 AT % Ff O EL OB AE
5. F£72Si0,12 Y0; #fHEFT 5 &, LA AR
JLONETTZ I EL L72 Y, Table.l (ZER{L#) & 10wt%
Y203/Si0, il il & 2 BOShE B2 o~ 3. M E A R

e N Sy T A

BAKRE (B50EEH - AHbFE®wRS

KRG & F D

LR A DAL *** UK

=) VA x

ToR
T sk koo deokok ok
[==]

T

T Y203 X° MgO 723 HLEZAYEOMUER T DHA & LA
EHZT7. —F, BREHAT D NbOs DA,
Fructose 7> 5 /K% #6C HMF 3% < Bk L
72. DHA H&HaLS 22V T Y053 X MgO Tl
Fructose 3K L7=. Zhid. HEESRICL->TT
V=G EDREIT L2 L 2R LTS, —F
T, FEfECH D NbOs TlL, DHA 725 PA ~D
WK BSOS LT L7z, PA ERHARL TlX. Y03 B
LT MO BEWINERT LA #5272, ZhbHd
FEE2N5 . DHA 75 PA ~DJiiK, PA 2>5 LA ~
DK FNO M FENZ 5t U C Wi g F 8 oD 3t B1) 72 i) 4
DL R-oTNDEEZLND.

Y205/Si0, fliE i feiifb & 7z RO SRFIC B
T, LEIET LA &5 272(45%). it
Y,0; DY FESIZ KD PA B OKFIR O, FBH L
72BERIC LD DHA OBiAN KV ET LD T
boHEZEZLND.

Table.1 Catalytic conversion of glucose, DHA, PA

Yield (%

Substrate — Catalbyst LA PA 'Sfiﬁ\ : Fructose  HMF
Glucose? Y,04/Si0,79 45 0 9 3 3
Y,0; 12 3 21 2 3

MgO 9 4 23 6 3

TiO, <1 <1 <1 6 1
NbOs  <1(2? 107 0 9 532

z10, 1 1 1 15 1

Sio, 0 0 0 2 0

DHAY  Y,04/5i0,7 2 1 — 17 0
Y,05 4 1 - 15 0

MgO 9 2 - 20 0

Tio, 5 6 - 2 0

Nb,Os 3 28 — 2 0

zr0, 0 5 - 9 0

Sio, 0 <1 - 0 0

PAY  Y,04/5i0," 54 - 0 0 0
Y,05 84 - 0 0 0

MgO 68 — 0 0 0

Tio, 10 - 0 0 0

Nb,0s 6 — 0 0 0

Zr0, 13 — 0 0 0

SiO; 3 — 0 0 0

Conditions: Catalyst 50 mg, Substrate 1 mmol, H,O
10mL, 30 min, Under 1 MPa Ar, a) 423 K, b) 363 K,
¢) 473 K, d) 200 mg,

1) R. De Clercq, M. Dusselier, B. F. Sels, Green Chem.,
19,5012 (2017)
2) M. Dusselier et al., Energy Environ. Sci., 6, 1415 (2013)

3) ML, AL R, 124 RIMIEEERS 1115, B

Copyright(C) The Japan Petroleum Institute 2020 All rights reserved. 2E11 -



The Japan Petroleum Institute Kumamoto Conv. of JPI (50th Petroleum-Petrochemical Symposium of JPI)

Utilization of biomass

[2E12-14] Utilization of biomass 3
Chair:Makoto Toba(National Institute of Advanced Industrial Science and Technology)
Fri. Nov 13, 2020 3:45 PM - 5:00 PM Room E (3F/Conf. Room E1-2)

[2E12] Development of algal bioenergy systems for green and sustainable ASEAN
region
OArmando T. Quitain', Suttichai Assabumrungratz, Siti Zullaikah®, Raymond Tan*, Joseph Auresenia
* Tetsuya Kida®> (1. Center for International Education, Headquarters for Admissions and
Education, Kumamoto University, 2. Department of Chemical Engineering, Faculty of Engineering,
Chulalongkorn University, 3. Department of Chemical Engineering, Sepuluh Nopember Institute of
Technology, 4. Department of Chemical Engineering, Gokongwei College of Engineering, De La
Salle University, 5. Faculty of Advanced Science and Technology, Kumamoto University)
3:45PM - 4:30 PM

[2E13] Effect of electron carriers on methane/methanol conversion using
photosystem |l reconstituted membrane containing methane
monooxygenase under light irradiation
ORyota Sekido', Wataru Sugimoto', Hidehiro Ito', Toshiaki Kamachi' (1. Tokyo Institute of
Technology, Department of Life Science and Technology)
4:30 PM - 4:45 PM

[2E14] Growth-promoting effect of vitamine B,, on Methylosinus trichosporium
OB3b
OAkimitsu Miyaji1, Daiki Furuya1, lzumi Orita®, Toshihide Baba' (1. Tokyo Institute of Technology,
School of Materials and Chemical Technology, 2. Tokyo Institute of Technology, School of Life
Science and Technology)
4:45 PM - 5:00 PM

©The Japan Petroleum Institute



2E12

Kumamoto Conv. of JPI (50th Petroleum-Petrochemical Sympo...

Development of algal bioenergy systems for green and

sustainable ASEAN region

(Kumamoto U* + Chula U** « ITS*** + De La Salle U****)
OA. T. Quitain*, S. Assubumrungrat®**, S. Zullaikah***, R. Tan****  J. Auresenia**** T. Kida*

1. Introduction

The Greater Mekong Subregion (GMS), that
includes ASEAN-member countries, is a natural
economic hub bound together by the Mekong River,
and surrounded by bodies of seawater, covering 2.6
million square kilometers and a combined population
of approximately 326 million. In the GMS, increasing
demand for biofuels could help support the agricultural
sector to provide alternative sources of energy.
However, experience from the subregion and elsewhere
has shown that if not properly deployed, biofuel
development can be associated with numerous risks,
particularly in terms of food security, impacts on soil
and water quality, and biodiversity. This will in turn
have negative consequences on regional sustainability.
An emphasis on non-food crops like algae to produce
third-generation biofuels, could pave ways for
sustainable utilization of biomass, and development of
a new concept of bioenergy-based economy in the
region [1].

This proposed multilateral joint research project
aims to tackle these regional issues related to biofuel
deployment in the GMS by exploring alternative non-
food feedstocks — the “algal biomass™ as shown in Fig.

1. This collaboration focuses on the conversion of these

Cross-Cultural and Multidisciplinary Approach

Bioenergy

Fig. 1 Proposed research outline and role of each team

biomass into third-generation biofuels (bioethanol,
biodiesel and bio-oil) by applying non-conventional
“green” technologies such as ultrasonic, microwave,
hydrothermal and supercritical fluid coupled with
novel bifunctional catalysts. The integration of such
technologies into biomass processing networks will
then be optimized using process systems engineering
(PSE) models.
2. Experimental

We first worked on the in-situ transesterification
process using microwave by employing direct
conversion of the microalgal biomass into biodiesel as
shown in Fig. 2. This approach will eliminate energy
intensive and costly lipid extraction step in the
conventional approach. The use of microwave in
combination with carbon-based catalyst will also make
the process more energy efficient, and will require
lesser time for the reaction as compared to the

conventional process.

P4

.I..

Carbon-Based Catalyst
Methancl mem)

Addition of Methanol and
Carbon-Based Catalyst

Fresh
Microalgae

Fig. 2 In-situ conversion of microalgae to biodiesel.

3. Results and Discussion

The effects of different types of catalysts on the
reaction were first investigated. It was observed that
graphene oxide (GO) prepared using Tour’s Method

has the highest catalytic performance for the biodiesel

Copyright(C) The Japan Petroleum Institute 2020 All rights reserved. 2E12 -



2E12

production with FAME yield of 39.5 %. It was also
observed that GO obtained by the Hummer’s method
has lower catalytic performance compared, due most
likely to the lower surface acidity. Besides, the results
also showed that the addition of Si-aerogel and GO-
impregnated Si-aerogel did not have significant effect
on the reaction in any conditions under reflux or under
high-temperature and high-pressure conditions.

The effect of microwave irradiation power on the
reaction under reflux condition was also investigated.
It was observed that further increase in microwave
power beyond 80W does not significantly enhance the
reaction rate. Besides, it was also observed that the
FAME yield was higher when pulsed irradiation of
microwave was used instead of continuous irradiation.
The highest FAME yield obtained so far was 95.2 %
with pulsed microwave irradiation of 10% duty at 600
W. These results show that reactions under high
microwave power with short irradiation duration are
more energy efficient.

The use of a more stable reduced GO, which may
contain both the basic and acidic sites required for
simultaneous transesterification and esterification
reactions will be the subject of our next investigation
[2,3]. The use of other GO-based bifunctional catalysts
in combination with cheaper clay-derived catalyst as
shown in Fig. 3 under microwave irradiation will also
be explored. Our previous work on these types of
catalyst showed that the presence of GO on NaOH-
bentonite, increased the overall acid strength of the
composite catalyst by providing more Brensted acidic
sites. The acidic-basic nature of GO-NaOH-bentonite
improved the accessibility of methanol to oil and free
fatty acids with the increased pore size of the composite

catalyst.

Kumamoto Conv. of JPI (50th Petroleum-Petrochemical Sympo...

Biodiesel

FFA Conversion= 89.5wt %
= Biodiesel Yield= 98.5wt %

CH-00C-R R;-COO-R
CH-00C-R; R-COO-R

CH2-00C-Rs
o
R™OH

/
Free fatty acid /’
/

\,
"\ Rs-COO-R

GO: rich in acidic sites

Fig. 3 GO-NaOH-Bentonite bifunctional catalyst for
simultaneous esterification and transesterification of oil
containing high-free fatty acids [4]

The use of these types of catalysts is also expected to
give higher yield especially for micoalgal oil
containing high free-fatty acid contents.

Future investigation will also cover the application
of the EtOH-H,0-CO; synergy for a more green and

sustainable approach to biofuel production.

Microalgae Biodiesel

Fig. 4 Application of EtOH-H20-CO2 synergy for a
more green and sustainable approach to biofuel
production.

1. P. Tharakan, N. Chrisna, J. Romero, D. Morgado,
“Southeast Asia Working Paper Series No. 87,
Asian Development Bank (2012)

2. A.T. Quitain et al. ACS Energy & Fuels, Energy &
Fuels 32 (2018)

3. EG Mission, AT Quitain, et al., Catalysis Science
& Technology 8 (2018)

4. B. Ali, AT Quitain, et al. Energy Conversion and
Management 171 (2018)
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BAKRE (B50EEH - AHbFE®wRS

FHALFER II BIBRRZRAVWEXAI | AFITF—EICELD

KEEBIRA T > [ XD ) —IVEIRN\DEFEI

(R T A4 ET25) ORI

1. #s
KIRHAD TSI ThH B A % v DEFIFIC
MiFC, A2 vEMEERA X vEe ) A F
7 F—€(MMO) % W 7= ZE S A icfTh T
W5, ATHFFETIE. MMO 4B 7 7 N
7 U 7 HIAEAL % IPSI) & VT, [eERE A
BE (USG5 (Fig. 1)) OREEEICHKIIL 2, LA
L. A2 vRLICBEL <+ b o mi itz

fibnTwirv, 2 2 TARIFZETIE PSIE 22 5
MMO ~®D & {{riE
o

CHi+ Qs+ 2H'  CHiOH + H:0

f bz HIEL. :
FRERTHEE &2
) VORI E o~

NADH NAD +H*

AL

(PR3

=....Q.

; 126§
[

*ﬁﬁﬂ‘ L7z, Fig. 1 Schematic representation of
photoinduced methane/methanol
conversion in the PSII reconstituted OB3b
membrane fraction.

2. EE

A A MMO % &3 A 2 v Bl
Methylosinus trichosporium OB3b J&E| 73 & I8t
> 7 /o377 U T Thermosynechococcus elongatus
BP-1 Hi2k PSII % FIH U 7= SEERE) R gL SO % (3
FATIRGE L ITHE - THERL L 72, BERIRJGIAIR & L
T, FIEBREORFF /7 (8.36,16.7,33.4,

50 uM) & 2.0 mg-protein/mL OB3b FE[E[ 53, 30 pg-
Chl/mL PSII % & ¢ 25 mM MOPS -KOH buffer(pH
70028 300uL # 3mL 227V 2 —F ¥ v 7oA
TAPICHB L, 2 7% L& v v 7 CEE
L7z, ROGEEWRIE 30 °C o EIRFE R ok L,
250 W A Z AT A FNREZHWTRr v 78R
7 4 L X —(R66, 660 nm:35.2%T) % 8 L 72

20 uE/m?+s DIRE O E WG L 72, HEO T m v
L v 300 uL Z5AHICEA L €, RICEBHLE L
to—iﬁﬁﬁmﬁﬁ%ﬁ%mmfoﬁmt\
SuLxH A 7u~< b 277 7 CHolr. BB L7,

EAEFINRER

5 7 TELEDEE o BTOS BEDELDE
BR*, AR, Pk . R

3. EEHERB X UEHE

FEERERIER (U SC R Ik A RiRE DT v v
SAMX/) v, FTyvraEF /)y, 2F )V
10 235N 5 2 LT, F /7 v Ok a il e i
EOME 21T o 72, Z DGR, JEEXEIRIER L K
BRI L 72% 2 v orh RS iR E L
EDRTIANTIANF) vTHY, KIEE
167 uM TRIGEEYTH L 7a L viF o F
138 70 pM ZAERL L 72 (Fig. 2). 720 16.7 uM LA
FOBEDOTFIATIANE ) VERMLTY
Ta el vd e FAEREFEML &b o 7,
CORERPL, TIANT TR F IV ELT )
RITFVTHRFEOT T A Mx ) VDREIEED F /
VIEED - ®, OB3b EHHICHFEET 528 F
Jv8EDHPSUALETZZITHY 3L,
TYNTTAMX ) UBPSI LX) V8D
5 W ITEEE pMMO ~DE FHEBEI Z R L 7272 C
EMEZLND,

80
s &
3
=, 60}
]
o
x
(@] 40}
(]
[
@ oouM
> 08.35 M
8— 20¢ 016.7uM
= 0334uM
EEJ 50 pM
G L . .
0 10 20 30

Time / min

Fig. 2 Propylene oxidation by PSII reconsitituted OB3b membrane
fraction containing 0, 8.35, 16.7, 33.4, 50 uM decylplastquinone,
30 pg-Chl/mL PSII, 2.0 mg-protein/mL membrane fraction from

Ms, trichosporium OB3b and 300 pL propylene with 20 uE/m?+s light
irradiation.

Dlto, H. et al., ChemBioChem, 2018, Oct 18; 19(20):2152-
2155
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BEAKR: ($500AH - AHLFNRR)

EH IV Bnll X B A% EALIEE Methylosinus trichosporium OB3b M

HESREE
(ﬁlk%fﬁl*

bE B

O H FEE* -

1. #8

WA, A X U OFEWIRERPEREL TN LIE
TEHEEBE~OBENEE->TCWNDE, —FT, AX
IR AR ==V H A, NAFHAZEEN
LEERTIINF— RBWPWTbH D, TDI=D,
THRNAX—ENREL, HOEmBIRNICA X v %
ARIEAL R RN AT 5 7 2 & X D
MEPREENTND

ZDEREW T AD—2E LT, AX

VEALME 2 AR EE & U CRIE L7 FIR R SR
ETORAZPNEDRAR ) — VAR T vt A0
EFohbd, AZ UEMEEORBRTIE, 5
HAL T ) TR T —F (pMMO) B A X
IR A X ) — BT D, ZNE T, A
2 BALMEE Methylosinus trichosporium OB3b (2
LDAZ UMD RAR ) — VERBIERFTE S
TWAHHOO, ERAMIIZEI D ENA S 7 —LE
FEME & R T AE R S LB TH D D,

AEARA I D A & ) — VAEPEME R o D FRB D
—D\T, AKX BRI NI & T pMMO
ERBSELHENRD D, T, A 4R
FEDS 50 uM. FEEE DR BREDNLE TH H, LinL
A F NI A Z B E I B R T
O, ML ORI R A 2 5,

A A DR EMEO R, BEEE L DRl
BICSONMZE K T 25 A & U ELEE ~ DL A
NUAREZ BID, & 2 CTAMFZECIL, i1 A4
Y IEEEAN S0 uM DB T A & Gk
HOMIEZRET D2 2D XL, fithE e
Z 3V B HF FTAX EILER OREEZIT VO,
= DR R 2 T LTz,

2. RE

M. trichosporium OB3b [X, 50 uM CuSO4 35 LY
mmME&‘/&ﬁﬁﬁxtmmﬁ%ﬁme
FEHLCHERR UTo, BERas Iy 7 ffE =47
7%:(mmm)%%wto77xzmmmmf
J1% 0.02MPa (7' —JF) FTHIEL, KB &
LCAX U HAEEN L%, AR & 5 Kifsas
T 30°C, 225 rpm THE#E L7o, BRIk O L
TE ¥ KX OBAMEEIC X 2 MR EGi L2 L 0 s
FE A PE LTz,

3. BRLEE
Figure 1 (2, B4 2 B fF1E FB L OIEFE T

%Iki @I“)
W R - PTH e -

TP M. trichosporium OB3b OHiFlgh#R % ~7, &
% XV B AF(E T CIE, BB 5 70 el
FCHREBEERICEIN L TV, Z OO i
FHIEFEIT 2.3x102 h! Th o7z, £ DORITITIEFHIHE

FEITRA L. 300 KifE#2 1236 1T 2 BE iR Ol s
};‘Fﬂi 1.40x10% cells LMiZiEL 7=, —FH, EX I
B, ZIRIML7Z2WGE | B5&BAM S 100 KFfE &
THIFLIXIZ L A CHIBE L2 o 7o (IS . 15
WA LARE (T S B LB AR B B N L 7
Z D%, MR FEEBEE I L, €4 2 B
HAF T & AR OMIREEEIE LTz, 2L H DRk
BnD, BX 2 Bpld 50 M OFiA A AFE T
T M. trichosporium OB3b OEEEMHIZ BV TRk E
REN R RTZ L NbhoT2 2,

1010

o
2]
©
O 10°
5
—
>
7]
c
[9)
©
= 106
o] C
o
107
0 50 100 150 200 250 300

Cultivation time / h
Figure 1 Growth of M. trichosporium OB3b in the medium
containing 50 pM Cu** with ((J) and without (O) vitamin
Bia.

50 uM $RA A A E TR TOREICRBIT b R
R OAEWHNL, M. trichosporium OB3b 235558 1K
A A DBmE~OEIS IR A ET 5 2 &
2R LTS, ZOEINICIR T 2/l z v
X IV B PMEHE L, BFERFH A2 KIEIZEE T 5
ZEMTED, LIER-> T, pMMO &8l L7c
M. trichosporium OB3b OERFFHRIZ, B4 I
B OFHIZAENTH 5,

1) Baba, T., Miyaji, A., Catalysis and the Mechanism of
Methane Conversion to Chemicals, Springer, Singapore
(2020).

2) Miyaji, A., Furuya, D., Orita, L.,
Technol. Rep. 11, 100473 (2020).

Baba, T., Biores.
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