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Photocatalytic Hydrogen Production from Water-Soluble
Polysaccharides

Masahide YASUDA, Hidefumi TAKASHIMA, Tomoko MATSUMOTO

Abstract

Much attention is paid to biomass reforming from viewpoints of renewable energy alternative petroleum-based
fuels. Bio-ethanol production is a typical biomass reforming. However, ethanol concentration is usually too low to
separate by distillation in low energy cost. On the other hand, gaseous Hz can be spontaneously isolated from
reaction mixtures without operation to separate. Therefore, hydrogen production from biomass is one of the
economical approaches to biofuels. On these backgrounds, much attention has been paid to photocatalytic Hz
production over a Pt-loaded TiO2 (Pt/TiO2), which is initiated by the charge-separation on TiO2 under photo-
excitation. Electron reduces water to generate H> on Pt while hole oxidizes hydroxide to hydroxyl radicals. It is well
known that the use of electron-donating sacrificial agents remarkably accelerates the TiO2-photocatalyzed Hz
production since the hydroxyl radical is consumed by the sacrificial agents. We have applied sacrificial H>
production over Pt/TiO: using sacrificial saccharides derived from lignocelluloses. Here, we performed the
photocatalytic reforming over Pt/TiO2 (100 mg) using -cyclodextrin and water-soluble starch (41.0~203 mg) as
sacrificial agents in water (150 mL) under UV irradiation by a high-pressure Hg lamp. Total volume of Hz and CO:
evolved from B-cyclodextrin was 940~1144 mL/g, which did not reach 2671 mL/g which was total gas volume
when complete decomposition of B-cyclodextrin occurred. In the case of starch, the total volume of H2 and CO2 was
1063~1190 mL/g. On the basis of the gas volume, we estimated the reaction scheme. It was thought that
degradation of these polysaccharides was stopped in polymeric intermediate whose composition is C4HsO4. The
1,4-linkage with other glucose units disturbed the complete decomposition.
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Table 1 Photocatalytic hydrogen evolution over Pt/TiO2 using B-cyclodextrin, water-soluble starch, and glucose

as sacrificial agents.

B-Cyclodextrin Water-soluble starch Glucose
Sacrificial  Irradn. Gas Sacrificial Gas Sacrificial ~ Irradn.  Gas
agent time  volume agent Irradn.  volume agent time volume
pH | (mg (h)  (mL) (mg)  time(h) (mL) (mg) () (mL)
203 121 240 203 272 120
162 114 195 162 144 190
3 122 123 114 122 149 158
81 74 92 81 129 74
41 41 48 41 87 66
203 210 262 203 148 222 225 156 460
162 140 136 162 158 112 180 120 390
7 122 72 98 122 119 132 135 96 300
81 64 76 81 62 70 90 84 186
41 101 28 41 150 38 45 73 99
203 159 186 203 159 236
162 105 148 162 105 174
10 122 119 124 122 119 172
81 75 74 81 75 96
41 167 56 41 167 56
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Fig. 1 An apparatus for sacrificial Hz production over Pt/TiO2

under UV-irradiation.
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Fig. 2 Plots of gas volume vs. the amount of B-cyclodextrin
(41-203 mg) at pH = 3.0 (A), 7.0 (<) and 10.0 (@) and
glucose (45-225 mg) at pH 7.0 ([J) in the photocatalytic H2
production over the Pt/TiO2 (100 mg) in water (150 mL) under
UV-irradiation.
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Fig. 3 Plots of gas volume vs. the amount of water-soluble
starch (41-203 mg) at 3.0 (A), 7.0 (<) and 10.0 (@) of pH in
the photocatalytic H2 production over the Pt/TiO2 (100 mg) in
water (150 mL) under UV-irradiation.
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Table 2 Gas volume evolved from photocatalytic reaction over
Pt/TiO2 using P-cyclodextrin, water-soluble starch, and

glucose as sacrificial agents.

. Gas volume Yield (%)
Pol harid H
olysaccharide P (mL/g)
B-Cyclodextrin 3 1144 43.6
7 1043 39.7
10 940 35.8
Water-soluble 3 1190 453
Starch 7 1063 40.5
10 1183 45.0
Glucose 7 2113 89.4
ERFOHREMBAERTH 5 2626 mL/glZiFENT

IR 35.8~43.6% & 72 o7,
TRWET 7 ic oW Th, B Z7uaFx A hY vk

[FIAR OO J57 1 TR A RIS &2 e L 7z, SR R % Fig.

31T, KAERAERIT 1063~1190 mL/g (IR 40.5~
453%) IZheolz, ZORRIZ, B-v7rT XA MY B X
OHAMET v 7 O SHEN & O Jefiiok F A RS T
X, FAREREITHREIC t«fﬁw%@&&oto
F. Ia—2AZBEANCHWZSE (Fig. 2) 13, TR
%i%ﬁﬁ%ﬁ%@2%3ngLﬁwzn3ng@wxﬁ>
FELTND

RIZ %éb%ﬁé%%@mtcm@%»m$%ﬁx
rma<w NI 7 44— T\ﬁLtF%}hcm:tﬁv7
07 %A MY T386: 1T, AT 7Tl 3.55: 1
\Z2p o T, Fio, MBS O RUGIR ) & S fillt %
D BECELY Br& | AKIIRIZ DWW TE BT 21T 2 7223,
i/ B — 2 DR LN h 5T,

3.2 IRIGHEHE

FOGth DVEROE &30 CHM R E— 7 BR.LI e h
ST DD, HIEVIIRSTFEOENE L THE-T
wé&%z%hé T, ERCTHLNIRERE AR
EH Ll CODEREER LT, EHHEO NG E L
T, DRAEEZx T, DRHEZIE, BAEKKRET 1167
m@ﬂs@)iﬂ)%%f H7= 940~1144 mL/g 8
FTr1063~1190 mL/g I[ZFEVME L 725 TW5, £72. H
L CODENEEY 3:1 12720, EBREOE L EIZEWN

Lo T3,

(CgH1(O05), + 3nH,O —» (C4H,40,), + 2nCO, + 6nH, (7)
%_J

1.0g 1167 mL

SHED DI (CaHaO4)) & 5% 5 ATHE R
#&# % Scheme 112777, 4% TOMFHIE VT, HO -
STOHNMTE DTN a—ZAnEDOKER X1 2 1D
RECTHRINIEZ D ZEZHLNIZLTND 19, £ 2T,

)t

H OH on
v )

Scheme 1 Possible mechanism for the decomposition of poly-

saccharides.

ZHFECTH ., BRANZ 2MLDOKFENHO T VI L - T
BlE PN HO 7 A AT 5 2 &, FREE (D
NERT D EBbhb, 1| (D7) a3 S OMKSy
EREZ DIZ< W ETFEI, FHEE (D ©2610KE
£ 1fio7a FrOMBIO3IMOKBREE 4 L0
1 R DOBETHKRIEAEZ » TV s QD) 234
KI5 EEbhd, WIZ, 5 ALOKBBIIZE > T, HH
fk () % CEBA (V) 12k L=k Bbhb, il
SHD 6 ML DKFEDF| Xk & 36 L OWLREE % £ CTHMIE (V)
NAERL, 7 h—= ) — )VHEZERMIC X o THRELERY
(VD) 8RR LTz &b s, VIIEE] & HEahed vk
RN Lnb, HO » T P WS X D5 REUGH
VITEIELZE b3,

BET v, 7 VRIS T E O/ BEEA 3
TREESNTND, NBEKEERGEREET 7 il
WEDTIE oo, ARIOERT, LHEEITE
ZKEHETH-TH, EEHELRFFLICEE ClE%ES
RENTNZ EBNHL MR ST, TDTZDITFET v
T b ORFERITIL, BEENE b & ORTLEE & A
EOEDIVERD D Z ERHLNIZRS T,

SE X

1) M. Galbe and G. Zacchi: “Pretreatment of
lignocellulosic materials for efficient bioethanol
production”, Advances Biochemical
Engineering/Biotechnology, Vol. 108, pp. 41-65, 2007.

2)  P. Alvira, E. Tomés-Pejo, M. Ballesteros, and M. J.
Negro: “Pretreatment technologies for an efficient



IR © DGR 2 A4

3)

4

5)

6)

7)

8)

9)

bioethanol production process based on enzymatic
hydrolysis: A review”, Bioresource Technology, Vol.101,
pp. 4851—4861, 2010.

M. Ni, D.Y. Leung, M. K. Leung, and K. Sumathy: “An
overview of hydrogen production from biomass”, Fuel
Process Technol., Vol. 87, pp. 461-472, 2006.

A. Fujishima, T. N. Rao, and D. A. Tryk: “Titanium
dioxide photocatalysis”, J. Photochem. Photobiol C Rev.,
Vol. 1, pp. 1-21, 2000.

A. Galinska and J. Walendziewski: “Photocatalytic water
splitting over Pt-TiOz in the presence of sacrificial
agents”, Energy Fuels, Vol. 19, pp. 1143-1147, 2005.

M. Yasuda, Misriyani, Y. Takenouchi, R. Kurogi, S.
Uehara, and T. Shiragami: “Fuelization of Italian
ryegrass and Napier grass through a biological treatment
and photocatalytic reforming”, J. Sustainable Bioenergy
Systems, Vol. 5, pp. 1-9, 2015.

T. Shiragami, T. Tomo, H. Tsumagari, Y. Ishii, and M.
Yasuda: “Hydrogen evolution from napiergrass by the
combination of biological treatment and a Pt-loaded
TiO2-photocatalytic reaction”, Catalysts, Vol. 2, pp.
56-67, 2012.

M. Yasuda, R. Kurogi, H. Tsumagari, T. Shiragami, and
T. Matsumoto: “New approach to fuelization of
herbaceous lignocelluloses through simultaneous
saccharification and fermentation followed by
photocatalytic reforming”, Energies, Vol. 7, pp.
4087-4097, 2014.

M. Yasuda, S. Hirata, and T. Matsumoto: “Sacrificial
hydrogen production from enzymatic hydrolyzed

10)

11)

12)

13)

14)

15)

Chlorella over a Pt-loaded TiO2 photocatalyst”, J. Japan
Institute of Energies, Vol. 95, pp. 599-604, 2016.

M. Yasuda, R. Kurogi, T. Tomo, and T. Shiragami:
“Hydrogen production from residual glycerol from
biodiesel synthesis by photocatalytic reforming”, J.
Japan Institute of Energy, Vol. 93, pp. 710-715, 2014.

T. Shiragami, T. Tomo, T. Matsumoto, and M. Yasuda:
“Structural dependence of alcoholic sacrificial agents on
TiOz2-photocatalytic hydrogen evolution”, Bull. Chem.
Soc. Jpn., Vol. 86, pp. 382-389, 2013.

M. Yasuda, T. Tomo, S. Hirata, T. Shiragami, and T.
Matsumoto: “Neighboring Hetero-atom Assistance of
Sacrificial Amines to Hydrogen Evolution Using
Pt-loaded TiO2-photocatalyst”, Catalysts, Vol. 4, pp.
162-173, 2014.

T. Shiragami, T. Tomo, H. Tsumagari, R. Yuki, T.
Yamashita, and M. Yasuda: “Pentose acting as a
sacrificial multi-electron source in photocatalytic
hydrogen evolution from water by Pt-doped TiO2”,
Chem. Lett., Vol. 41, pp. 29-31, 2012.

J. C. Kennedy III and A. K. Datye: “Photochemical
heterogeneous oxidation of ethanol over Pt/TiO2”, J.
Catal., Vol. 179, pp. 375-389, 1998.

M. Yasuda, R. Kurogi, and T. Matsumoto: “Quantum
yields for sacrificial hydrogen generation from
saccharides over a Pt-loaded TiO2 photocatalyst”,
Research on Chemical Intermediates, Vol. 8, pp.
1303-1309, 2015.



ol

i




