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Purchased Nitride Has Cr,N Crystal Structure
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« Bulk Cr,N Crystal Structure

« Large particle sizes
¢ ~3-5 um particle size
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Experimental Setup + Ammonia Analysis
Current Collector

Membrane Electrode Assembly .
0.4 mg/cm? Pt anode —— Bipolar Plate

— Counter + reference electrode Catalyst + Gas Diffusion
Layers

« ~1 mg/cm? Cr,N loading for cathode

Testing Conditions

« Humidity (Cell/anode/cathode):80/85/85 °C

« Nafion 211 membrane 0

 Flow rates: 0.1 L/min both sides l o * 9

e 24 hr tests unless noted otherwise Membran eT
Ammonia Analysis _Silicone Gasket

* Nessler’s reagent colorimetric method %
« Average ammonia during Ar and OCV was subtracted

— Production rates and Faradaic efficiency’s are corrected ‘%
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Cr,N Shows 50 Fold Increase in FE + Production Rate
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MEA Conditions:

0.4 mg/cm? Pt anode

1 mg/cm? Cr,N cathode

0.1 L/min H, anode, N, cathode

80/85/85 °C cell, anode, cathode

« 2 order of magnitude increase in faradaic efficiency compared to Pt at -0.2 V

 Increasing potential favors the HER

» Specific production rates are 2 orders of magnitude higher for Cr,N
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Cr,N Shows 50 Fold Increase in FE + Production Rate
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. . . . . . Batch Conditions:
« 2 order of magnitude increase in faradaic efficiency compared to Pt at -0.2 V Pt counter electrode
. . 2
* Increasing potential favors the HER 1 mgfem* CroN cathode

80°C cell
Sealed cell with positive pressure

» Specific production rates are 2 orders of magnitude higher for Cr,N
 Batch cell with "N, gas shows NH,*
« Confirms activation of N, gas
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Cr,N Shows 50 Fold Increase in FE + Production Rate
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Batch Conditions:
Pt counter electrode
1 mg/cm? Cr,N cathode

80°C cell
Sealed cell with positive pressure

« 2 order of magnitude increase in faradaic efficiency compared to Pt at -0.2 V
 Increasing potential favors the HER

» Specific production rates are 2 orders of magnitude higher for Cr,N

« Batch cell with °N, gas shows °NH,*
« Confirms activation of N, gas
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XPS Peak Assignments of Cr,N
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XPS Peak Assignments of Cr,N

10004 __ oo A ﬁ ‘
— Cr,N
800 — Satell CrN
s - Data
8 e00-{ — Fit
g o Cer, CrN 600 —
=)
S Cro.N, -~ CrO,(OH),,
= CrO N " Cr,N
0 g S L0 X7y . 2
410 405 400 2905 ﬂ
Binding Energy (eV) c
-
Satellite 8
200
0—:
| | | | |
590 585 580 575 570
N 1s region: Cr 2p 3/2 region: Binding Energy (eV)
Cr,N - 574.8 eV
CrN - 396.5 eV orN - 576.0 eV
Cer,.CrOXNy -397.8 eV CrO,(OH). - 577.4 eV
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CrO, - 580.0 eV 8
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XPS Shows Nitride Loss Only for Lower Potentials
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* Ratio of N:Cr shows loss of N at -0.6 and -0.8 V
* Indicates nitride degrades at higher potentials
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XPS Shows Nitride Loss Only for Lower Potentials
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* Ratio of N:Cr shows loss of N at -0.6 and -0.8 V
* Indicates nitride degrades at higher potentials
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Lower Potentials Causes Significant Deactivation
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Faster Deactivation at low potentials!
Nitride is the active species! 1"
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Lower Potentials Causes Significant Deactivation
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Synthesized Nanoparticle CrN Catalyst

Synthesized using urea glass method!]

-
N
I

Cr,N (PDF-# 35-0803)
L | o I 1

-
o
I

‘ ‘ CrN (PDF-# 06-0694)

‘ |
4 - l Synthesized CrN
2 —
l As Purchased Cr,N
0 — SOV i\ Ao A s

30 40 50 60 70 80 90
20 (%)

[1] Chem. Mater. 2009, 21, 21, 5136-5144
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Synthesized Nanoparticle CrN Catalyst

Synthesized using urea glass method!'] em P o
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12 - — Cr0, “ } g o
-~ it A 3
3. 1500 . Data ;r' ) 2000 -
ik
Cr,N (PDF-# 35-0803 s
1 0 N 2 ( ) ‘g 1000 Bi:odsing El:::gy (ev&)95
- L | I 1 S
- 8 - 500
© Yy
2 CrN (PDF-# 06-0694) o Lot
.ﬂ 6 - 590 585 580 575 570
c I | Binding Energy (eV)
-
o
o

4 - l Synthesized CrN
2 —
l As Purchased Cr,N
0 — SOV i\ Ao A s

30 40 50 60 70 80 90
20 (%)

[1] Chem. Mater. 2009, 21, 21, 5136-5144
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CrN is Not Active Compared to Cr,N
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MEA Conditions:

0.4 mg/cm? Pt anode

1 mg/cm? Nitride cathode

0.1 L/min H, anode, N, cathode

80/85/85 °C cell, anode, cathode

« CrN has low FE and low Production Rates compared to Cr,N and Pt

* Cr,N is the active species 5
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Conclusions

* Nitrides show 50 fold increase in FE and specific production rates over Pt
— Increasing overpotential favors HER

* Low overpotential is activating N, gas to produce NH,
— No change in the composition of the surface

» Higher overpotentials show loss of nitrogen and significant catalyst deactivation
— Nitride is the active component for ammonia production

« Consistent with a Mars-van Krevelen type mechanism
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Cr,N Turnover Frequency Calculation

Production Rate of N/s
1 +x107—6 mol N/day *1 day/86400 s x6.02x10723 atoms/1 mo/=6.97x10T12 atoms N/s

Total Surface Atoms of Cr,N
5mg Cri2 Nx13.2cmT2 /mg *1+x10T15 atoms/cmT2 =6.6x10T16 surface atoms

Turnover Frequency of Cr,N
TO0F= Production Rate/Surface Atoms =6.97+x107T12 atomsN/s /6.6x10T16 atoms=1%10T—4 sT—-1
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