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Development of efficient heterojunction photoanode for totally integrated

light-driven μ-fuel cell device

Approach to create portable-fuel cell devices:

Introduction

Background

Unique properties of extended-nanofluidics (10-1000 nm):

Issue Efficient heterojunction nano-structured material for efficient H2 production

Objectives 

Y. Pihosh &  Kitamori Lab, uTas-2014

1. Fuel supplier device:  H2 generation rate 0.2 nmol/scm2

2. Micro-fuel cell device

① Design and fabrication process of new efficient nanostructured heterojunction photoanode 

material for efficient H2 production

② Design of totally integrated light driven μ-fuel cell device  

③ Fabrication process of proposed device and its working principle verification 

Lack of fuel supplier

Y. Pihosh &  Kitamori Lab, uTas-2012

Enhanced H+ mobility H. Chinen & Kitamori lab., Angew. Chem (2012) 

Gas liquid separation A. Hibara & Kitamori Lab., Anal. Chem., (2005)

New functional devices based on unique properties of extended-nanofluidics:



Approach to realize μ-fuel cell device

Conventional PEM fuel cell
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Difficult to realize totally integrated 

micro-fuel cell device
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Laplace pressure to gas
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Pt cathodeTiO2 photoanode

Hydrophobic Hydrophobic

Fuel (H2/O2) supplier device: Unique properties of 

extended-nano fludics
 Photocatalytic H2/O2 generation and separation by light illumination

Nanostructured TiO2 photoanode 

500nm 

Efficient solar light 

harvesting in 

microchannel

Extended channels for H+ transfer

Nanochannel

Enhanced H+ mobility (10x higher vs. bulk)

H+ H+

Loosely structured

Glass

～50 nm

T. Kitamori et al.,

Anew. Chem (2012)

STH: Solar To Hydrogen conversion efficiency of the fabricated supplier device: ~ 0.05%



Conventional PEM fuel cell
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 Extended-nanofluidics (10-1000 nm)

Our approach on μ-fuel cell 

Fuel supplier realization: Reported on u-TAS 2012
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① Design and fabrication process of new efficient 

nanostructured heterojunction photoanode 

material for efficient H2 production

① Design of totally integrated light driven μ-fuel cell 

device 

② Fabrication process of proposed device and its 

working principle verification 



Development of new efficient nanostructured heterojunction 

material for fuel production
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A. Grimes, et al., Nano Lett. 2011
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Motivation to change photoanode material

Experimental STH:  0.6%

(due to random structure)
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Solar 

light

IPCE: Incident Photon to Current Efficiency

TiO2:

~3%T
h
e
o

re
ti
c
a
l 
 S

T
H

: 
 

~
 1

.1
 %

BiVO4

~47%

Conventional approach
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Well-controlled structure 

by bottom-up fabrication

Efficient light harvesting and 

charge transfer

Fabrication: bulk scale

 Glancing Angle Deposition (GLAD)
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Patent: PJS 2015-037227

Y. Pihosh & Kitamori lab., Scientific Reports, 2015



Development of new efficient nanostructured heterojunction 

material for H2production

Photoanode evaluation by GC-MS Results

 Rate of evolved gasses: H2/O2

Y. Pihosh & Kitamori lab., Scientific Reports, 2015

1. Stoichiometric H2/O2 generation rate

2. ~85% of Faradaic efficiency

3. ~6.7 mA cm-2 stable photocurrent
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 Experimental equipment: 
Measurements in standard 3-electrodes configuration

Solar light:  100mW/cm2:

Electrolyte: Na2SO4 (0.5M) 7pH

Bias:           1.23VRHE

RE

CE (Pt)

O2

Photoelectrochemical cell
WE

(WO3/BiVO4+CoPi)

H2 WO3/BiVO4 :  12.1 nmol/scm2

TiO2 :  0.2 nmol/scm2 60x



① Design and fabrication process of new efficient 

nanostructured heterojunction photoanode 

material for efficient H2 production

① Design of totally integrated light driven μ-fuel cell 

device 

② Fabrication process of proposed device and its 

working principle verification 



 Extended-nanofluidics (10-1000 nm)

Fuel supplier

Fuel cell

Solar light driven self-recharging μ-fuel cell device
(based on micro/nano fluidics)



Fuel supplier

Fuel cell

Energy out

Solar light

Closed device

Environmentally friendly self-recharging 

fuel cell device driven just by solar light

Solar light driven self-recharging μ-fuel cell device
(based on micro/nano fluidics)



Solar Light Driven μ-Fuel Cell Device

Introduction Microchannel

(w: 600 um, d: 6 um)

PA:

WO3/BiVO4

C: Pt

Fuel Supplier (FS)

Solar Light

e-

Fuel Cell (FC)

Device Design

H2O Circulation 

Nanochannels

(φ: 200 nm)

Extended-nano channels

(φ: 200 nm)

Hydrophobic channel

(w: 400 um, d: 0.5 um)

PA-photoanode; C-cathode: A-Anode

C: Pt

A: Pt/Pd

Fuel generation & separation
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FC electricity generation 
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Nanochanel for H2O circulation

H2O

Resistance~1200MΩ:
(Electrically disconnected)



① Design and fabrication process of new efficient 

nanostructured heterojunction photoanode 

material for efficient H2 production

① Design of totally integrated light driven μ-fuel cell 

device 

② Fabrication process of proposed device and its 

working principle verification 



Fabrication Method / Clean room operation 

1) Micro-channels

Glass

photoresist

Lift-off & 

dry etching
Channels

Developing

2) Extended- nano channels

Glass

resist

Glass

E-beam lithography &

dry etching
Developing

Glass

Extended-nano channels

3) Nanostructure WO3/BiVO4integration (by GLAD)

Electrode GLAD process

Developing & Annealing

WO3/BiVO4Lift-off

4) Low temperature bonding (to complete device)

Bonding conditions: 

Time: 2 h; Temp.: 100oC

Pressure: 5000 N 

O2-plasma treatment (30sec)

Micro-channels modification 

by fluoropolymer



Experiment and ResultsTotally integrated device with main functional units

Photo of the fabricated device on fused silica microchip

SEM images of the integrated microelectrodes

Water Introduction

Microchannel

Microchannel

for H2 transport

10 mm

H2O Circulation 

Nanochannels

500 nm

500nm 

WO3/BiVO4

Photoanode
500 nm

Pt Cathode

500 nm

Pt/Pd Anode

500 nm
Microchannel

for O2 transport

500 nm

H+ Transporation
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Experiment and ResultsLight-Driven FC: Working Principle Verification
Results
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Experiment

Electrolyte: H2SO4 0.01 M, Solar Light: 100 mW/cm2

 Fabricated Device

H2

O2 H2O

Solar light assisted 

(H2/O2) generation 

and automatic separation

Fuel diffusion to FC &

electricity production

Final output 

product of  H2O

A

A

Fuel supplier Fuel cell

H2

O2 PA: WO3/BiVO4

C: Pt

Extended-nano channels 

Hydrophobic microchannel

Device efficiency: ~ 0.2%

Working principle of closed light-driven fuel cell device was verified for the first time



Summary 

Light-driven μ-fuel cell device has been realized

1.Developed new WO3/BiVO4 heterojunction nanostructure photoanode by GLAD

Realized 90% of the photocurrent (from theoretical max.) on fabricated photoanode in bulk scale,

and the value of H2 generation rate is 60 x higher comparable to previous TiO2 photoanode. 

2. Designed the light-driven μ-fuel cell device
H2O circulation nanochannels for physical connection and electrical disconnection was proposed

3. Fabricated the light-driven μ-fuel cell device and confirm it working principle 
Established the integration method for new WO3/BiVO4 photoanode

Realized power density output 5.5 μW/cm2

Showed possibility to create environmentally friendly self powered fuel cell device
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