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Department of Earth Resources Engineering, Kyushu University
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Global Resources Global Environments

Water

Energy

Minerals
and 

Materials

CO2 reduction
CO2 storage

CO2 conversion
Water remediation

Low grade ores
Refractory ores

Urban mines
Coal fly ash
Moon exploration

Reusable energy
Geothermal
Solar 
Biomass
Oil recovery

What are we?: Department of Earth Resources Engineering
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Solar light driven chemical conversion 
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Photocatalyst coating
against Corona virus

CO2reduction

CO2 alcohols

Degradation of dyes, 
pesticides and 
pharmaceutical wastes

Cr(VI) reduction etc…

Antivirals

Biomass components  alcohols

NOx NO3
-

2H2O  O2 + 2H2

Photocatalytic
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Photocatalytic self-
cleaning



i) light absorption (optical) 
ii) charge separation and transport 

(physicochemical) 
iii)  surface chemical reaction    

(physical)

Photocatalysis

 Visible light driven
 Highly available
 Recyclability

 Contributing to carbon reduction
 Contributing to energy source production
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Fujishima and Honda, Nature, 1972, 238, 37-38.



Montmorillonite ‐ 2:1 type clay‐

Fe contents
Large charge density
(1.15 meq/ g)

Large band gap

Clay minerals have been believed as good supports for main 
photocatalysts in the composites.(i.e., TiO2‐pillared clay)

Too large! 5.35 eV

Chuaicham et al. 2020

Octahedral layer (Al)

Tetrahedral layer (Si)

9.5 Å

2D material
High surface area
Chemically and physically 
stable
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Ding et al. 1999, JCIS, 209, 193.  Ooka et al., 1999, JMC, 11, 2943.



Modification: Heteroatom‐doping

Hu et al. 2018, ChemCatChem, 10, 3040.

Fe-doping on the Bi2WO6
generates a new e- donor level,
Fermi level, and O vacancy.

The Mn+-O-Fe3+ oxo-bridges can
reduce or prevent the recombination of
e- and h+.

Meng, et al. 2019, Small, 15(41),1902551.

substitution

Layered Double Hydroxide (LDHs)
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Fe-doped Bi2WO6



Modification: Heterojunction
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Su et al., Adv. Sustainable Syst. 2020, 4, 2000130



Fabrication of ZnTi‐layered double hydroxides (LDH) /Fe‐doped montmorillonite (MT)

ZTL/MTx%

Suspended in Fe3+ ZTL/Fe@MTx%

Zn(NO3)2
TiCl4
(Zn:Ti = 4:1)
urea

Reflux 
at 130℃ for 12 h

ultrasonication
at RT, for 3 h
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Fe‐doped MT ZnTi‐LDH

Originally 2wt% Fe in MT

DFT prediction of DOS for Fe‐doped MT and ZnTi‐LDH  

Chuaicham, Dabo, Sasaki et al., Appl. Surf. Sci., 546, 2021,148835
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Photocatalytic reduction of Cr(VI) at pH 3

E: ethanol (hole scavenger)

Xe‐lamp 
(250‐1000 nm)

C0 = 10 mg/L

HCrO4
- + 7 H+ + 3 e- = Cr3+ + 4 H2O
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Diffused Reflectance UV‐VIS Spectroscopy (DRS)

Eg (eV)

MT 2.56 and 3.72 

ZTL 3.41

ZTL/MT20% 3.34

ZTL/Fe@MT20% 3.25

Kubelka-Munk equation
αhν = A(hν-Eg)n/2

α, absorption coefficient 
ν, light frequency 
A, proportionality constant
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(a) Photoluminescence spectra (b) Photocurrent
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TEM-EDX elemental mapping for spent ZTL/Fe@MT20%

HCrO4
- + 7 H+ + 3 e- = Cr3+ + 4 H2O
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Z-scheme photocatalytic mechanism in Fe(III) doped MT 
decorated with LDH
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Role of Fe(III) doped MT in the photocatalyst composites
Aspects Advantages

(i) light absorption 
(optical)

 Increased by composite with MT compared with 
ZnTi-LDH only

 Increased by Fe-doping compared with no Fe-
doping LDH/MT

(ii) charge separation 
and transport 
(physicochemical) 

 Generated the mid-trap state of electron by Fe as 
an impurity in MT.

 Enhanced by Z-scheme heterojunction for electron 
transfer and avoided the recombination of excited 
electron

(iii) surface chemical 
reaction  (physical)

 Provided the large surface area 
 Enhanced the contact frequency with the main 

photocatalyst by 2D-2D materials

(iv) others  Stabilized Cr(III) on the remaining surfaces of MT 
after photoreduction of Cr(VI)O4

2-

Clay is not only a support for main photocatalyst in the composites, 
and involved in photochemical reactions.
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Solar light driven chemical conversion 
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CO2 reduction (to methanol)

Conversion of biomass to energy sources 
(alcohol, phenol etc) and chemicals (vanilin, 
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Degradation of pharmaceutical 
and pesticide compounds
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