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Introduction Methods Results Summary Q&A
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e « New energy source
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Introduction Methods

* Significant role of ammonia

| H, | NH, |

High energy density and clean emissions

= High hydrogen content

& low liquefying temperature & pressure

Essential chemical of industry and agriculture

Results Summary Q&A

Ref. RSC Adv, 2023, 13, 282171-28223 Ref. Ind. Chem. Mater., 2023, 1, 332-342

To synthesis NH;...
“Haber-Bosch process”

Production of the synthesis mixture Production of ammonia

pre-heater

catalyst

scrubber

ammonia
(liquid)

._.
Ref. Wikimedia commons

v' High temperature )
v High pressure Energy consumption?
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Introduction Methods Results Summary Q&A

“* What is NRR and NO;RR?

Nitrogen(N,) reduction - NRR Nitrate(NOjy") reduction - NO;RR -

r—-

v High fraction energy of N, (941 kJ/mol) v' Low dissociation energy of NO;
(204 kJ/mol)

v' High water solubility

v' Low water solubility
v' Unavoidable hydrogen evolution reaction|
(HER)

v NOs polluted water (upcycling)

> — [} '
electroreduction > &
ammonia

R —

Ref. materials today, 136-167, April , 2021 Ref. Catal. Sci. Technol., 2021, 11, 705-725

It is imperative to develop electrocatalysts with high activity and selectivity.
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Introduction Methods Results Summary Q&A

% Fe,O; nanorod arrays by CeO, coating

Ref‘Adu Sci. 2018, 1700986
+ Abundance, stability, low cost

+ Strong electron-electron correlation and
conductivity

- Low selectivity
- Lack of active sites

Main step 1 Main step 2
(Deoxygenation) (Hydrogenation)
*NO, *NO *NO- *NH;

@ —CeO
Fe,O, CeO, 2

—Fe, 04

Ref. Materials Explorer

- /. ) /. + Flexible transition between Ce3* and Ce#*
./ ‘\ ’/ ® + Efficiently regulation of oxygen vacancies

e ¥ ®
o - o ® - Low activity and selectivity
CeO,
Tunable ! =
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EC
Ec e
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Introduction Methods Results Summary Q&A

Step 1. Fe,O; nanorods(NRs) synthesis

—_— s
FTO
Hydrothermal synthesis Rapid Thermal Annealing (RTA) Rinsing
100°C /1 hr 650°C / 10 min / Ar Fe,O; nanorods

FeCl,-6H,0, NaNO,, HCI

Step 2. CeO, nanoparticles(NPs) synthesis

W0 @-i=

Colloidal synthesis Centrifuge Vacuum oven drvin Vacuum furnace
120°C / 1.5 hr (4000 rpm, 5 min) uum oven drying 650°C /1 hr / Ar

Cerium nitrate, Oleylamine, Oleic acid, 1-dodecanol Aceton:ethanol, ACN:ethanol CeO, nanoparticles CeO,, nanoparticles

Step 3. CeO,/Fe, O, heterostructure
\ o [ ] S

E FTO

Spin coating Annealing

° . Fe,0./CeO
m 120°C / 10 min Y3 2 e Y



Introduction Methods Summary Q&A

% Structural analysis: Fe,O4

< Scanning Electron Microscope (SEM) > < X-ray Diffraction (XRD) > < Raman spectroscopy >
F:FTO
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= Fe,0; NRs were synthesized at 515 nm by hydrothermal method.

= Both XRD and Raman clearly showed the peak of Fe,Oj, confirming that the Fe,O; NRs were well

synthesized.
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Introduction Methods Summary Q&A

< Structural analysis: CeO, Target morphology
Adv.Mater.2020, 32, 2001566
< Transmission Electron Microscope (TEM) > < Powder XRD >
o e I S — o o
1(200) —— CeO, NPs
: (220) (311)
1 (222)(400)

Intensity (arb. units)

260 (%)

= TEM observations revealed that the CeO, NPs have a dodecahedron morphology and an uniform

crystallite size of about 3 nm.
= TEM images of an CeO, show that the (002) and (111) directions are exposed and Powder XRD data

reveals that the CeO, is polycrystalline.
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Introduction Summary Q&A

% Structural analysis: CeO,/Fe,O; heterostructure

< Energy Dispersive X-Ray Spectrometer (EDS) >

= The EDS image did not show that CeO, was distributed, as the size of CeO, was nano scale.

= The morphology of Fe,O; remained unchanged, even after CeO, NPs coating,
= Even if Fe,04/CeO, heterostructure is made through spin coating, it maintains nano size of CeO, NPs

characteristics and is evenly dispersed.

9 SEED



Introduction Summary Q&A
L)

» Structural analysis: CeO,/Fe,O; heterostructure

>

< Raman mapping >

Intensity
. . Ceo 6.550E+4
< X'ray lefraCtlon (XRD) > < Raman Spectra > 2 5.754E+4
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= CeO, NPs are nano scale, so CeO, and CeO,_ could not be identified in XRD spectra.
= In Raman spectra, both Fe,O; and CeO, peaks show clearly at 465cm-1, indicating that CeO,/Fe,O,
heterojunction is well constructed.

10 = |n Raman mapping, CeO, and CeO,_, were present only at local sites.
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Introduction Methods Summary Q&A

+» Electrochemical measurement

< Linear Sweep Voltammetry (LSV) >

Reference electrode
N, or Ar gas

i
[l — “ Counter electrode I -_— s == = —1
Working electrode f/ ‘ s
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Nafion separator

—FTO
—— CeO,

IN
o

—FTO

rrent density (mA/cm?)

Current density (mA/cm?)

—— Fe.O —— CeO,
CeO, NPs C NO3- -50 e CeZOerZO3 :cF:ZZOO:/Fe203
Fe,O; NRs — —— Ce0,,/Fe,0, —— Ce0,,/Fe,0,
FTO ‘ NH; 0 08 06 04 02 00 06 0.4
Applied potential (V vs. RHE) Applied potential (V vs. RHE)

» Measure LSV and CA datain 0.1 M PBS + 0.1 M NaNO3 electrolyte using H-type cell

= Compared to the Fe,O; sample, the onset potential of the CeO,/Fe, O, heterostructure sample was
accelerated.
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Introduction Summary Q&A

s Ammonia quantitation (indophenol blue method)

< Chronoamperometry (CA) >
At-1.112 V vs. RHE

0 0.35
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5 or ) | Q Slope 0.03914 + 0.0010|
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= Through CA data, it can be confirmed that the stability of CeO./Fe,O; heterostructure samples is also

Improved.

= Ammonia produced by the EC NO;RR reaction was quantitatively analyzed using the indophenol blue

method.

» The calibration curve based on the UV-vis absorbance results showed a high accuracy of 99.6%.¢x
12 SEED



v

13

Introduction Methods Results

Using 3-steps methods, we fabricated an

CeO,/Fe,0, heterosturcture catalyst with potentials for NO;'RR.

XRD and raman spectra confirmed that the CeO,/Fe,O4
heterojunction was well constructed.

In the entire NO;;RR mechanism, Fe,O, affects the
deoxygenation step, CeO, affects the hydrogenation step and
shows good overall efficiency.

As a Further work, we will calculate ammonia yield and FE to
show that the NO;RR efficiency of this structure is improved.

XPS will be measured to confirm that the oxygen vacancies of
CeO, and CeO,, have a positive effect on the catalytic activity.
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CeO, NPs
FTO

Q&A
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Introduction Summary Q&A
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Introduction Methods Results Summary Future work

Proposed Reaction Mechanism for the NO;RR to Ammonia

[ e +H,0 OH- 2 +H,0 20H-
. >< >< Net rxn. NOy + 6H,0 + 8" — NH, + 90H-
—2e—+ 0 20H- e +H,0 20H- ] >< HNO—OH > H}_li\f—_OH \
o 9 R AL \ Main step 1 (Deoxygenation)
li5+ xhi o)
N 3+ * - *

o\ > NI > i, 2) \° H. 1 Ha- NO; — *NO
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- — Hy-Hg- 1 Main step 2 (Hydrogenation)

“ N N
% OH 7277
e Py ) “NO" — *NH,
’_ 722277 722277,
NO, + & — NO,2 (E, = 0.89 + 0.02 V (vs. SHE)) — Higher complexity
(1) *"HNOH — *NH,OH — *NH, IN NO3;RR rxn.
NO,% + H,0 — *NO, + 20H-
2) *NOH — *N — *NH
*NO, + & — NO," (E = 1.04 (vs. SHE)) 2) - N
Need for

*NO,, + e — *NO,2 (E = 0.47 (vs. SHE)) (3) *H,NO — *H,N — *NHj fundamental study
*NO,2 + H,0 — *NO + 20H-




