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Abstract

Aqueous ammonium ion batteries, as an emerging electrochemical energy storage technology, have
attracted considerable attention due to their low cost, high safety, and environmental friendliness.
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In this study, Prussian blue analogs were subjected to nanomization and other modification treat-
ments to successfully prepare high-performance cathode materials for aqueous ammonium ion bat-
teries with excellent cycling and rate performance. CoFePBA materials were synthesized via a liq-
uid-phase precipitation method, and the optimal preparation conditions for the electrode materials
were determined through orthogonal experiments. After optimizing the experimental protocol,
range analysis revealed that the CoFePBA electrode prepared under the optimal conditions exhib-
ited a high capacity of 55.4 mAh-g-1 at 0.1 A-g—1. Moreover, after 20,000 cycles at 1 A-g-1, the elec-
trode retained 78% of its initial capacity, demonstrating excellent cycling stability. Infrared spec-
troscopy further confirmed that the CoFePBA electrode exhibited good electrochemical reversibil-
ity during the intercalation and de-intercalation of ammonium ions.
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FIHRT AL, KEBEBA SRR, L. Na Ml Zn 57, YRR TE R
WR[1]-[3]o #RTH, AR IR BH & FAuf 2R 1) 2R S 80T B Y E & B R A Bk 2 AR B A R
5 Nat. Mg?. Zn? 8@ A, NH) B — S E i rE i . NH; AR B8 1 B /R i & (18
g-mol™), T HH /KA BT RN, X453 B 7R KM T b GRS DUd Bk [4] [5]. BEAR, NHj /A
PR P FREL [, e OB S AR AN BTN TA R, AR NH; BN L A2 R 6. S5ERFE
EEEF (0 Lty NaS8)ANE, NH) BAIAE LR, ERDRE 0N A2 5t 2 T H B B ) 22
F[6] [7]-

WA E ) (PBA)TE &R0 & FE M AT AR L, #4552 JQ3E, Rpdil A& T 7 i A it B FH 7 R = A7
fi M4, 7 AR S [8]-[10].  H ATk 77 ) O # / B F N B AT T0FFE,  Bese A[L1] e Thil & 7
NaMnFe(CN)s @PPy F1#544 K7 Na-Zn V& HUE ST H A 10 U5, I &M 25.2 mAh-g ™ #2131 55.0
mAh-gt, FEF 150 X5, ARIRFFFEM 63.5% 4 =3 86.5%. 4 N[12]H9% | BBUCE & LiER )
(MgFeHCR)fEA7K SR8k B 1 B Y IE A, B 50 i 11 25 596 mAh-g ) Al BE 7 F £ E 14 (500 (XA A 5 25
TREFZE N 709%). 5K N[B]H & H T EA 2V mEER DA 130 mAh-g-t i H & &2 1)
Nai 7sMnFe(CN)s-2.3H,0 FE4 i, w424 100 Wh-kg—1 178 AE 558 1 DL b ik 4000 IR . 45N
[L41°R AR & FAZ L G i T Co HUIR PBA 50 BR(COM-PBA HSs)fE N AZIB [FIIEMA R IRHEF
AR T BARE &L W AUE K R 251 I EAR T 77

AHFFAE EIR T RIEEAE b, SRS 0 % T 2052 RS CoFe-PBA, 7E 1 A-g=! 1
20,000 Y ATIEREE T8% MM Aa 78 &, R AR = G AR 8 1 o 8 — R A EGH PR A AL 3R AE
FB, IRABEFEARI AR R . SO0 S5 A6 R e fb 225

2. LG RE R
CoFePBA HI#I&
CoFe-PBA A& IE T WAL UTiEiE &R, B ~: B4k 0.3 g Co(CHsCOO),-4H,0 #1 0.29 g

DOI: 10.12677/japc.2025.142030 321 Bk Sei


https://doi.org/10.12677/japc.2025.142030
http://creativecommons.org/licenses/by/4.0/

L

NasCeHsO7-2H20 ¥ fi7E 80 mL £ B Tk, FiHI P NI A. BiJE, #5 0.26 g KsFe(CN)s % fi#T 180
mL LB T7KF, HEEN B, TERLIPFEZAT T, T 30 P BiE R B PRE MmN G A Bl 5 R4
FES kb 25, KIRAVERET 80°C R M 9 /MY, FEMURMNITRE. MR G, @Eid 5050 5
VLVEND, FEHEB T KM BTG . 5, BUTIEWTE 60°C F TR, HEIH# A A CoFePBA
FE Ao

oA e R s R A 1

R 4
)
—
. : Co(CH,C00),4H,0
(o : Na,CH,0,2H,0
. : K;Fe(CN),
L B
o F )
\

Figure 1. Schematic diagram of synthesis process of the CoFePBA
B 1. CoFePBA B &l 2/ nEE

SiA AR BEE R R 2 HRRZRACEEREER R, IRETKE, Egiairee s, 4
A4 I TRRD B 5 DA S B i A, AN AL AR I 26 A8 106 T TSR T FEUA s P A ARk 1 1) 2% 2%

TESCIR IR R AN SCHR AR ) 30t b, ZREGHIERBIAMFMGEME, #E TN =AAEMSE, 25
A A 7K TS BB A

TARFLYUNE [ MR I HL 60°C + 80°C A1 100°C A = MNANFEIIKF s SRAHFLYTIE s I TEFE 6 /N
12 /NEEFD 24 /NBE R AN RIS s BV FE I 40 e #E 0.5 g- L2, 1g-L-*fl 1.5 g-L-t =4
ANFERIZKF o HE T FIRERE 1 & B 3R W IR RS SERR 25 fF, ot T =K F =R R IR A S8 50 7 R LA IE
SIS 1,

R AHRI0 77 2 1 AR S A

Table 1. Orthogonal experimental design table of CoFePBA
F 1. CoFePBA BYIERZX LR IT3R

5 SRR E(C) J i TE (h) HAMED IR (9-L )
1 60 6 1
2 60 12 05
3 60 24 2
4 80 6 2
5 80 12 1
6 80 24 05
7 100 6 05
8 100 12 2
9 100 24 1
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R A S0 45 BT AL AT, FERRE AR T i, S AUEEMZ N T H
Z IR T, 1 2000 KOG A A B AORRER AR AARAESEAT B2 0 M, JE 4 O SEURRE S 2N [R] A 2
VRN =D A FER R, WEM ISR IE 2 fos.

Table 2. Range analysis table of CoFePBA
Fz 2. CoFePBA HIIRZE sk

SLILE('C) SR [ (h) FEMEIR (9 LY
K1 267 260 256
Ko 265 263 259
Ks 250 259 267
K1 89 86.667 85.333
Ko 88.333 87.667 86.333
Ks 83.333 86.333 89
R 5.667 1.333 3.667
IRl 37K 1 S 6 B AT 4 3 3 3
IR e K- 60 12 1.5
% £ R SRR E - FEAREPD AR S — NN (]

G2 T JE (R 45 RAE R P e /K — BB R, HLUROREIR G PR BE (R S K, I BE RN [A] I
EMEVIORE B/ R AR ZEFRY, BRI BTk BRI R 3R K& &2, JE AR 2L
SR K 2 T 45 R 22 . ARG IISRES T7 5208 OS0IRBE 60°C, [N [R] 12 h,  JEUEY)BTIR
1 gLt mfh i %A

3. CoFePBA HIYITERAE. B F MR EEIIES IR
3.1. CoFePBA HEIRHIMILERR

WRAERT— /NI R E B4 B, BN R SIS 60°C, SR IA] 12 h, FEHEYIRIRIE N 1g-L- I RE
NS« B ZE BT AR AL 5 1) CoFePBA ML BRI &1 #2 4 : 4 0.3 g Co(CHsCOO),-4H20 F1 0.29
gNasCsHsO7-2H,0 %ifif T~ 80 mL £ B 1K, FLHIEER A. BEJE, # 0.26 g KsFe(CN)s i i# T 180 mL
FB TR, BRVER B, ERLIBPEAMET, T 30 B AW B I AN VE A, S RI 215 EE 5
3Bl ZJE, KIRGIRRET 60°C T M 12 /NS PATE SR SO R . i RSLEE R, a5 0 4 B USRI
Y, IR EE TR ORE#AT el Ba, HUUEWE 60°C TR, 5311y il
A EUIRE S . 18] 30 i )i EAL A TE AL AT FEE 1.5 h 5 HEAT BB 4, B PR R B A TS R A
AR T SR S 52443 5] CoFePBA IEMK ALK -

3.2. CoFePBA #4128 K e {L S RAE

3.2.1. CoFePBA FEM# I RIIFRRAE

1) YIAH T

244k J5 CoFePBA [ XRD 14 Bt n /& 2.

2 JEIR T A UG R XS AT I (XRD) B, H 170 B e i AR 25 W ANl o e (R AT S e o7
5 251 K.CoFe(CN)g [IAR1E PDF & i (PDF#31-1000) [1514HICHE, 2L B A TR Sk g5+ . B
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Figure 2. XRD pattern of CoFePBA
[ 2. CoFePBA KJ XRD Eli
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Figure 3. SEM image of CoFePBA sample
[ 3. CoFePBA KJ SEM Elf%
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Figure 4. SEM image of CoFePBA samples
4. CoFePBA K SEM Elf%
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Figure 5. XPS of a CoFePBA sample
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Figure 6. TGA curves of CoFePBA
[ 6. CoFePBA HY#AERI%ZE

3) TLEMEST

TEA/NT 1, X CoFePBA i IR TH G R M A AT TIRAN M. Wil 5 s X 40 f 1 ae i
(XPS)&: A 7R T MR T R4

M 5@ R4 AE . BT A (O)LML, B(Fe). %i(Co). & (N)FIFR(C)RE EHE /. Cls Jik (A
5(b)) AT ARER B J LA A AR, 5T A FEAG =R k. 297 284.8 eV, 286.2 eV #l1 288.3 eV [T
U4y G0 BT C-C £, C-N 8l C=0 #. X RIS Z MRS, HHTRES ALK B
RINERRRIA K. SR EES BRTE Co 2p Jai (14 5(c)), Bl IIIEAE B/ A7/E Co?*Fl Co** £ Ak,
A EEA B ASAR A S T B LEAE S P R RS L A BE A SRS« 7E Fe 2p ARE (] 5(d))H, 707.9eV
A1 709.3 eV IX AN F BUEAE G BT Fe?* 2ps, Fl Fe®* 2pap &% . 712.3eV Al 726.5 eV HIIEE X T Fe 2py,
H1 Fed* 2pyn B REIE /254, IhAh, 721eV I 723 eV WEAE X R T Fe 2p PR IEAE, X eI (H (77 (EHE—
AESE T BRI E IR . 75 N 1s 61 (15 5(e)) 1, nI LU | = AMg(H 3397.9 eV, 399.3 eV fi1 402.1 eV,
I3 AR [Fe(CNY]*—H 1) C=N . Mtne Z A SR e &, X LL U6 17 76 38 I RE & b A7 7 UL L A4
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Figure 7. Adsorption-desorption and pore size distribution curves of CoFePBA
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Figure 8. TEM image of CoFePBA
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Figure 9. CV and GCD curves of CoFe-PBA
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Figure 10. Electrochemical performance of CoFePBA
B 10. CoFePBA HYEE LS 14 AEE

10 J&7r | CoFePBA HLMRMTHIAL A PEREIE, Frh|3] 10(a) @R 7 HAE 0.1 A-g~t. 0.5 A.g-. 1.0
A-g~1.3.0A-g"1.5.0 A-g~t UL FE T BIREZ 1 RE, 43 0T B R i L b 5 &4 55.4 mAh-g-1, 52.1 mAh-g~1,
48.5mAh-g-1, 46.8mAh-g-!, 37.1mAh-g-1, fEfEM 5.0A-g-1PkEF] 0.1 A-g-t ik, B ILA R
f 54.6 mAh-g-t, 54146 0.1 A-g-t FIHBAEMZETIL, BAHHERER. ¥ AU AEENRE,
CoFePBA M LA B 5wt A =L FAHE, JCHRAEBRIIHEA S T . XU H CoFePBA Hifk
T R iR e P e e

K] 10(b)¥@7~ T CoFePBA HLMRTE 1 A-g—* FLIR % N IG5 . 5000 (X35, CoFePBA HLARFE
A EE 2 AN S A5 R B%, 20,000 YXAE¥F )5, CoFePBA HIRI EL A B AR FAT 37.5mAh-g- L 47, BER

DOI: 10.12677/japc.2025.142030 329 Ly PR R=Svi


https://doi.org/10.12677/japc.2025.142030

L

RN T1%, 5T BRI R IR, NEEAE P DUARE AT, R & R M AR E M
fiE3APERE, X RERE CoFePBA [T HATRE M da s 45 A AR M dh I AL, SEAT R BT NH;
NN i N M RV ek A e i B R e D R R e

(a) (b)
or 0.8 1 Cathodic scan
i —— Anodic scan
4 0.6}
~ 2r
< = 04f
£ E
1S 0 o Slope = 0.81
2 1 —o1 | @w%2r
5 2 05 < Slope = 0.76
—1.0 0.0 -
“ar —15
6k 20 02l
Unit: mV-s™
_8 Il 1 Il 1 1 Il 1 I 704
—-0.4 —-02 0.0 0.2 0.4 0.6 08 1.0

“1.2 -1.0 0.8 0.6 0.4 —-02 0.0 0.2 0.4
(c) Voltage (V) vs. SCE

(d) log (v, mV-s™)
6r Diffudion Capacitive [ diffusion[l] Capacitive
100
4k
2 .l § 80 H
£ | 5
- | B 60 H
5 0 2
E 2
-2+ SRl
4 20

1 1 1 1 1 1 1 Il
-0.4 -0.2 0.0 0.2 04 0.6 0.8 1.0 0 0.1 0.5 1 1.5 2
Potential (V) vs. SCE Sacn rate (mV-s™)

() AFRHE T CV #iZk; (b) AFIE T E RS IR EEL S K (€) 1 mV st T %
RATTRRAT ST (d) AR R A A Tk A L

Figure 11. Electrochemical Kinetic analysis of CoFePBA
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Figure 12. EIS plots and kinetic analysis
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Figure 13. Infrared spectra of CoFePBA in different states
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