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% Eco-friendly catalytic ammonia synthesis

Electrochemical nitrate reduction reaction

Photoelectrochemical nitrate reduction reaction
(e-NO;RR) (PEC NO5sRR)
Ref. ACS Sustainable Chem. Eng. 2020, 8, 7, 2672—-2681 Ref. Joule 5, 290-294, February 17, 2021
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Dual purposes of ammonia production & reuse of v The utilization of solar energy
the waste nitrate v Reduction of the operation potential
v" High ammonia yield & ease of operation
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However, e-NO;RR requires a high potential. The low yield rate & selectivity remain bottlenecks.
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s Silicon (Si) photoelectrodes

( )
Ref. Energy Environ. Sci., 2015,8, 1998-2002 Ref. Energy Sci Eng 2022;10:1526-1543 Ref. Appl. Catal. B. 351 (2024) 123980
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& Various applications Siphotoanode  Si-photocathode
[Silicon] [PEC CO, reduction] [PEC water splitting] [PEC NO5RR]
\. y

Advantage Drawbacks

v" Narrow band gap v Insufficient photovol

— High photocur v' Chemical corrosion

v' Excellent charge

v' Sluggish charge-tra

v Mature fabricatio

v High light reflection

So, passivation layer & Catalysts are required.
GIST <5/14 >



1. Introduction

Global Conference Innovation
Materials 2024

GCIM202

. . . . . . . . .
% Titanium dioxide (TiO,) *» Nickel (Ni) catalyst
Ref. J.Mater. Chem. A, 2019, 7, 13833-13859 (a) 55 Ref. ACS Catal. 2022, 12, 9, 5407-5415
' NH, formation Cu
020 | ° Ni.@Ag 28
‘ 5 -0.40 | . o AY
~ e ’ Fe : [
> 060 | . bl oPd
9, > Os ~"8Rh ¢ o I
°
(3) £-0.80 | i g’f!!w. -
o e e M ® *NO>*NHO :
. S0 | o T loe-nicedl Nickel
1.20 | neTbe & ® *NO,>*NOH 586083
4 PY Ve 140 | S & A “NH;>*NH;
- g Taa . . . * 1NO,>*NOH
(1): Exciton generation -1.60
. . -4.00 -3.00 -2.00 -1.00 0.00 1.00
(2): Exciton separation and transfer AGuys (eV)
*NO

(3): Interfacial charge transfer to water

v Ultra-Violet light absorption capability v Cost effectiveness

v' Efficient anti-reflection v’ Stable in alkaline electrolyte

v' Appropriate band offset with silicon v' Reaction kinetic improvement

TiO, nanorods + Ni catalyst “Enhancing PEC NO, RR”

GIST < 6/14 >
.



2 | M eth Ods GCI M2024 Global Conference Innovation

Materials 2024

s Sequential deposition by e-beam evaporator

1. TiO, film (10 nm) 2. TiO, nanorods (100 nm) 3. Ni decoration

%Rotatlon Glancing angle deposition method(GLAD) A

v
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s Surface morphology analysis (Scanning Electron Microscope (SEM) images)

Cross view

v" Vertically aligned TiO, nanorods (NRS)
v Uniform length: 100 nm

1: Bare p-Si v Porous surface morphology

2: TiO, NRs/ TiO, film/ p-Si

v The vertically grown TiO, NRs exhibited uniform length and porosity.
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s Structural characterizations (X-ray photoelectron Spectroscopy (XPS))

Ni 2p 2pP3),
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v Ni catalysts is embedded in the TiO, NRs.
v' The abundant surface oxygen vacancies can further enhance the catalytic activity.
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% PEC performances for NOs'RR (TiO, NRs/ TiO, film/ p-Si photocathode)

Film 100 nm vs. NRs 100 nm w. KNO3 vs. w/o. KNOg Stability test
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E | ——TiO, NRs 100 nm/ p-Si E ] 1M KOH (pH 13.87) 'E 0] ——Tio, NRs/ TiO, film/ p-Si -0.2 Ve
o o o

e < < -3 -w
E E E -1 .

>, > > Stability test over 90 hours

= = = -154

0 0

c c 2

@ (<) O ~20-

° ° o

-+ -+ -

c c =

() o ()

= = 304 Ti O Film .S = %07

S > iO, NRs/ TiO, film/ p-Si S 1 M KOH + 0.1 M KNO,4
O O 1 M KOH + 0.1 M KNOj (pH 13.99 B e R S e e L e e

_35 i i 1:\" KOH T 01 M 'fNO3 (p'j 13.74) -35 . . . . — ® . ) © 0 10 20 30 40 50 60 70 80 90
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 Tlme (h)
Potential (V vs. RHE) Potential (V vs. RHE)

v' The Si photocathodes with TiO, NRs exhibited good PEC performance for PEC NO;RR.
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% PEC performances for NO3'RR (Ni/ TiO, NRs/ TiO, film/ p-Si photocathode)

w. KNO3 vs. w/o. KNOg4 Effect of TiO, layer Stability test
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v Ni catalysts enhanced PEC NO;RR with an onset potential of 0.28 V.
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% Quantitative analyzation for PEC NO;RR

NH; yield & FE% Chronoamperometry curves Cycling test
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Highest NH; yield

v At -0.2 Ve, @ Faradaic efficiency of 90.6% and a yield of 1046.6652 pg/h cm? were achieved.
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Ni
TiO, nanorod
v Using GLAD method by e-beam evaporator, we fabricated __— TiO, film
silicon photocathode with vertically aligned TiO, nanorod —— P-Si

arrays and nickel.

v The decorated Ni on vertically aligned TiO, nanorod arrays
completely increased the reaction surface area and the
enhanced photo-absorption was enabled by the anti-
reflection of the 1D nanorod structure.

v" It showed photocurrent of 31.8 mA cm=2 at -0.2 Vg ¢
and positive onset potential of 0.28 Vg, and 1046 ug/h cm?

bare p-Si

Current density (mA cm™)
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I I =35 - —— TiO, NRs/ TiO, film/ p-Si
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