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Motivation

o Aquatic Ecosystem Impact: \Wastewater O Landfill Leachate

+= (\WW) contains 1002000 mg/L of NH,*.
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&. Resource Recovery Potential: ~13.4% of

¥ total N-fertilizer consumption worldwide. O Industrial Wastowater

Wastewater Sources

o (O Municipal Wastewater

TR Carbon Emission Reduction: H-B process
generates ~ 2.8 tons of CO,/ton of NH;.
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* Pristine CuHCF exhibits relatively uniform polyhedral particles ranging from
70-100 nanometers.

« The incorporation of Ni¢* in CuNiHCF produces a shift toward smaller particle
sizes with increased agglomeration. This transformation occurs because
metal incorporation fundamentally alters the nucleation and growth kinetics.
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NH,*

De-Intercalation

1

Fe?*

Oxidation

B

- )+ + @)

NH,* Intercalation Cycle NH,* De-intercalation Cycle

e
Reduction

Cation to

NH,* Selective Counter NH,* Selective Counter
L lon Electrode Electrode Electrode Electrode
Hopping
Pathway
60 - . 80 -
> CuHCF CuNiHCF CUHCF (Cycle 1) CuNiHCF (Cycle 1)
B’ 50 T [ ///] CUHCF (Cycle 10) CuNiHCF (Cycle 10)
M[Fe'(CN)gl, + x(NH,* + &7}~ (NH,),M[Fe"(CN)¢], £ I | J 60
8 40 T | | >
450 450 - | | | >
5 CuHCF = CuNiHCF S 304 H O 40
< 300 < 300 (&) Q
E E 3 @
€ 150 = 150- & 20- )
o O O 20 -
8 01 S 01 "4 10-
O o I 7
&= —150 = 1501 Z /
3 NaCl 3 NaCl 0 0 7 _
3001 ¢ 8001 MHE -03  -06  -09  -12 CuHCF CuNiHCF
00 02 04 06 08 10 00 02 04 06 08 1.0 Voltage (V)
Potential (V vs. AgClI) Potential (V vs. AgClI)
300 « NH4* capacitance shows voltage-dependent capacitance, with CuNiHCF
Intercalating lons NH,* Na* ¢} - NH,Cl © NaCl outperforming pristine CUHCF across all voltages tested. Optimum -0.9 V.
H Radi A 31 _ 8 1 . T . - . .
Dyd:tdedt, ad'E“S( ) | 93 558 5 » CuNiHCF outperformed the pristine CuHCF in terms of selectivity. In the first
e-Hydration Energy = . : : : -
(KJ/mol) 307 409 5 T cycle, CuNiHCF demonstrates a 63% improvement in NH,*/Na* selectivity.
. T 150 . . . o .
'Sfi;ﬁ:;f'f\r) CuHCF 0.54 0.54 0 % ) « After 10 cycles, CuNIiHCF retains 81% of its initial selectivity. In stark
vs. AgCl) | g1 - ) contrast, CuHCF's selectivity retains only 32% of its original selectivity.
CuNiHCF | 0.47 0.50 = -
50 T . T
CuHCF CuNiHCF
Performance: Stability
<1004 [ | 100 N 215 —~20- [_J CuHCF (Cycle 1)
o\ NG . 1 Q) A \ : < O\O /
~ IL\ =@ A - é 30 '\ This Work ; CUHCF ~ (L] CuHCF (Cycle 10)
S 80 T TLHY — 80 %) \, < > |
+ r = 12- . | CuNiHCF (Cycle 1)
$ Hgoe | S k| S 7 3o | meweron
c \[_T_]\ i C 60- N o) o) CuNiHCF (Cycle 10)
_lq_,) 60' D ‘lq_)' N _g- - ) /
% I T 4 O N e 9 CUNHCF § 10 /
. 40- ! > O z S / I
:IL:J ‘lc:J N, g ty > /
© 4 1 |- CuHCF © 204 /\ Metal Oxides N QO 6 E KWh _ fy; MO (@t 5 5 -
20 Q. . ( ) Recovered Mass
% CuNiHCE M 8 Porous Carbon \. > Kg 8 /
) @ 0- Intercalation Materials - % %) . //
O T T T T T T T T T T T T T T T T ‘\l C 3 T T T T D O ) A I_I_I
O 10 20 30 40 50 60 7O ' et 1.
o 1 2 3 4 5 6 7 8 9 10 11 ) ) 0 w o0 2 ) 4 6 8 10 CuHCE CuNiHCE
Cycles NH,/Na™ Selectivity NH," Recovery (mg/g)
Conclusion o

« We investigated the incorporation of Ni* into the CuHCF framework for NH,* ion recovery from wastewater.
* Ni-modified electrodes outperformed the pristine ones in terms of capacitance, selectivity, and stability.

* Ni-modification solves the problem of Cu leaching and reduces energy consumption.

» Our proposed electrode outperforms in NH,* recovery compared to other electrodes used in the literature.
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