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Abstract: Pre-sodiation technology for sodium-ion batteries provides an additional source of
active sodium ions to compensate for irreversible sodium ion loss at the anode during the first
cycle. It thus improves cathode active material utilization efficiency and alleviates low energy
density. Among various pre-sodiation techniques, organic sacrificial salts in cathodes are
particularly attractive owing to their high environmental adaptability and no strict humidity
control, making them suitable for large-scale application. This review focuses on organic
sacrificial salts in cathodes, systematically surveying and analyzing the relevant literature.
Based on functional groups, these organic sacrificial salts are categorized into sodium
carboxylates and sodium phenoxides. Key characteristics of each type are introduced, and
comparative analysis is performed using metrics such as specific capacity, decomposition
voltage, reaction products, and raw material cost, thereby highlighting their strengths and
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limitations. Particular attention is given to sodium carboxylates, one of the most extensively
studied classes, with in-depth discussion of their compensation mechanism, including sodium
ion release, organic anion oxidation, and subsequent structural rearrangement, to clarify their
operational principles. Critical challenges associated with organic sacrificial salts in cathodes,
including gas evolution and residue formation during decomposition, are also addressed.
Mainstream performance-enhancement strategies, such as carbon compositing to improve
electrical conductivity, nanonization to boost reactivity, and double-layer coating to reinforce
electrode stability, are summarized. These approaches offer viable routes to optimize the
performance and practicality of organic sacrificial salts in cathodes. Finally, we propose design
principles for future organic sacrificial salts in cathodes, emphasizing performance, process
compatibility, and cost, to guide further research and development in this field.

Keywords: sodium-ion battery; pre-sodiation strategies; organic sacrificial salts in cathodes
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Fig. 2 (a) Charge and discharge curves of sodium formate at 100 mA/g“”; (b) charge and discharge curves of
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Table 2 Comparisons of the key parameters of various sodium alkylcarboxylate
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Table 3 Comparisons of the key parameters of sodium carboxylates modified with nitrogen-containing

functional groups
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Fig. 4 (a) Charge profile of sodium glycinate at 0.1A/g

[49].

; (b) charge curve of disodium iminodiacetic acid at

0.1 C*¥; (c) charge curve of disodium N-methyliminodiacetate at 0.1 C**; (d) charge and discharge curves of
EDTA-4Na-4H,0 at 15 mA/g®”; (e) charge and discharge curves of DTPA-5Na at 10 mA/g*"

B Bk Ot R E AL, A W R
¥4 B2 DU 44 (318.02 mAh/g). & it = 2 R =
(312.76 mAh/g). N,N-—(¥% Fi Jik)-B-Z FL T R — 4
(296.56 mAh/g). &R . Z.12 V1 44(305.34 mAh/g)
T 2-( R W k) e DU 44(346.88 mAh/g) 5 A
TR B2 RIR AN, AT HEDLAE st i R

=4

TR i AR, HER b RS Tl
M RRARFAL s AR AT HLLE R AN S T 77 o

TEAMIATRIRT T 5 AU BE ] R IR BN AT Hh &
B, HEERR AN, BREET RO, ER=
By, EREMIA BRI, BEAIFREL. JLELZRERISIN A)
f s W 4, g3 i s it 2 &l 5

SEEREANREBRNXBSHIER

Table 4 Comparisons of the key parameters of sodium carboxylates modified with oxygen-containing

functional groups

e [N CAS JEE 1 5 e/ (g/mol) HEif: FL 75 5 /(mAh/g) SR IV 22 R
RN Na,C,0, 7346-13-6 162.01 330.8 4.00 [53-54]
“HE®R—M  C,HNa0, — 178.05 301.0 4.35 [48]
FBIET R4 CHNa,O, 676-46-0 178.05 301.0 4.05 [47]
FrERIR =40 C,H.Na,0, 68-04-2 258.07 3115 4.02 [55]
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Fig. 5 (a) Charge curve of sodium mesoxalate at 0.1 C*? (b) charge curve of disodium diglycolate at 0.1 C**;

(c) charge and discharge curves sodium malate at 20 mA/g"*";
citrate at 20 mA/g

T H R —81(CH,Na,O,) & H i, Pt
7% 59 301.0 mAh/g, S 4y fif HL K 4.35 V.,
FIET R A CE R R 8 C H ,Na,O,) FIFTF i R —
W(CHNa,O,) &G HZIM™, ~HHEESHN
301.0 mAh/g #1311.5 mAh/g, 2 43 fif B & 43 51
N 4.05V F14.02 Ve, Yang & N¥T {58 % 8,
BT R Ve e A AR SR, RIS TR
R 5 _E 4G 21 5 B2 P24 . Zhang 25 N SF 78 U %
Y, BB e — S A MES, JFE
TE R R 1 W5 213 o [E AR SR B W, HE W7 L o0 i
R g 2C,H.O,Na, — C,H,0, + 6CO 1 + 3H, T +
6Na" + 6e . HER AR T R AR
M AKRER], AT TS5 AR R BRI 2

“7. (d) charge and discharge curves of the sodium

[55]

14000 70/M.  To/KFTAEIR =AW, Tk ERL
TIKEITEIRIRNE R, K SRR
#5000 Jo/Mll, FRIET R T ANAIAT A IR = AR
SN RREE, X A IR RE R AR DT

E5 B R AR BRI, BREA. AR
BIAL, EORIERER BTG R A T 50 S X EARL
I AE 1 25 5 AR (—S—)F B R, B
AR — 2B SRS AR E L &Y,
H L2 84 276.12 mAh/g £11241.21 mAh/g, Szl
IRHEIEZ)NA.0 VAI3.8 VI, it AR
I A E, BRI AT I
1.2 B

TR BUBRERBNRI AT 2K W s & 6 5 &
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N, A NN . 1% = Fh M7 Y B 25 B
S A ffe H s WK 5, o R 2R 1 11 6

T REH(Na,C,O AT it i %, HAE36V
KA AR, L 2R B 4y 339.19 mAh/g,
AR AR . — AR AR, A R
R 77 7 7 4 Na,C,0,—xCO, 1 + xC +(4 - 2x)CO
T+ 2Na" + 2e . AN RL A P= 1 5%k B
SR R I TR R . AR, T EREAI IR AR T IR
ENREAIL =, WoRSEILE=, HErAM
W 155 (21 2500 JT/kg), Fi 3 P HE DL 2 B0 T FEL
ML FH 1R 75 2K

Fokiih(Na,C 00 B 14 H 75 4y 250.42 mAh/g,
I & 52 FRIE I AMNT . SEIG I es SRR, Hay
R EAE3.75 V, HEIAF|300 mAh/g, it T

WL B, I ] JZ R A AL 0 L IR A R
Hry, g R R e R R I B, WE SR N RT RE
FErEE AR SR AT R, B ER BN AL B S PR )
NIRCINE, FIEMRAE BT, X5 ZHTARZ T
BRAIR — 8. BUERRRAN S 7 RS Rl [FIF
AEAEMN A% 3L v (R RN % 20 3240 Ji/kg),  HE DA 2
BN FELh S FH 5 SR )

KB 2 W44 (Na,CH,0,) F it b 75 By 347.89
mAh/g, 4 fift B JE 7E 2.4~2.8 V, 43 R JEHE N
Na,C,H,0,—CH,0,(4F % &)+ 2Na" + 2e . L~

AR AT P AR PV AR B AR
6 2975 13000 Jo/ik, V& IS H 2 TH5%2 .
AR N E T R RE R, SRR AN
IR R, SEBR S AT BRAEAE XU o

x5 EXBESHXILER
Table 5 Comparisons of the key parameters of sodium salts with phenolic-like structural features
ki [fa-5-v CAS JEE /R i H:/(g/mol ) 8 L2 H/(mAR/g) S5 i HLEE IV SR
TIERAN Na,C,0, — 158.02 339.2 3.60 [57-59]
BUBRIR N Na,C,0, 523-21-7 214.04 250.4 3.75 [60-61]
ABZE A Na,CH,0, — 154.07 347.9 2.40 [62]
45 40
4.4+
5.2\ 40} 5.2\ 40}t ;
o o S 30
= Z 36| =
B 350 B Q O ]
=z Z 32 =z
" O, O % »
= sof S 281 o o =207
s S 24} s
§ 251 § 20} §
5 NaO ONa £ e Na®O  ONa eor NaO  ONa
200l 1 L n 1 1 " " " .
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 0 100 200 300

Specific capacity/(mAh/g)
@
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Specific capacity/(mAh/g)

(b) ©

E16 (a) HFERIMEEARTE 0.05 C ERTHIFEEE AL, (b) HARELNEEARTE 0.1 C AR THIFTEEHIEZL""; (c) PR B HEBEARTT/
HSER HA £

Fig. 6 (a) Charge curve of disodium squarate at 0.05 C*”; (b) charge curve of disodium rhodizonate at 0.1 C*";

(c) charge and discharge curves of 1,2-dihydroxybenzene Na salt!

A 2o b

n ESCpTiE, & E e MR RO 2SR
B BE BRI B) B A S8 5L L AR 2 2 0% .
52 R, ERESEEE PSR BiSEITR
P2 ) 2 PR B AN R AL B W) (IR FR S L WE A L 0 J
Wy AN <5 e AT AR ) R AT e R B HE VRS K F AL S R
Peo EMRERRE, BRI aE A Mt ARase vt
] B (0 53 S8 Ak), A5 iZ SRR D A 7RI I il
i 2L U (R R AR

2RI LI AR AMATIIT TE (5 AR 7 145
Fyy REEVERE . PR o K A b S 2

62]

ZESt, BARTHGONAT =071 . OMERES Sk
KL, MUHRFIER 2 . A HLIEMAMAFII A &
o3 A LS SEAZ O B S 0 T A AT AE IR &
@ AL F1 04, BRAS SRS E MRS I 2. f
SRR AR IR AN SRS R A BRI A
DL (A% 25 WA B) R B AU, iy B
A HT SRR R . @BF 7L S 7 R A, Bl
BL5 M AL R NV TR, 2 A0 R
(K10 fle HLER R WA FEMRMA R R, 547 585
BB RBMTT, AT REAAEPERE SR 1]
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Table 6 Bulk quotations of organic sacrificial salts in cathodes or their raw materials from Nov 4, 2024 to Nov 4, 2025

(Unit: yuan/ton)

MR R Hifh He/ME IZ PN = EAIDA[E] P
R 2830 2400 3550 2975 2929
AR B 2642 2471 2781 2626 2635
. 2420 2350 3030 2690 2703
ToIK LR 5700 5700 6025 5862 5813
[].7 5429 5429 7733 6581 6787
R 2986 2850 3257 3054 3049
W 26750 RATFIE RN Goil-
I 9760 RA RN BE S
TR 10750 10750 11000 10875 10969
5 38000 KA ENF RN GoiE B
BB 10550 KA ENF RN G B
W = 2. 4 52000 KA ENFE RN G B
N-HIET R — 208 R B KA, WAL 722.8 Jt/kg
DY 28 DY 4N 11633 11400 11925 11662 11731
LI AWK TS (50%) 9840 KA FIAE PR G- HH
FRRE IR B RN RAFIFEEIRAN, AR B — B8R % 294 1800 Ji/kg
TUH R R RAFIFEEIRAN, AR H B ESRGN % 204 1226 Ji/kg
BET R 14200 KA B FERM Gl H R
— KA R 4750 4750 5188 4969 4948
RN 5167 5117 5180 5148 5141
TR A FRGERAN,  J7 BRI 4% £ 2500 Ji/kg
AR AN KA FKEERAN,  BOREER AT % 20 3240 Ji/kg
A2 Ty 12700 A FAE RN G HR

2 AALIEARANN ] 2 < HE 9] AR

ARFE SCHR A A LS S LRGN B o 5 A s
A B AMATT A7 AR TN S 7 A SR BRI R
21 FRERNS ARANIE

LA SR BN o i B, al ASRIAE N BT 34

HiE: R—COONa —> R—COO + Na’ (1)
Afk: R—COO —> R—COO- + e )
#fE: R—COO: —> R— + CO, (3)

Zou ST TN A RVEF B LR, WA BR
B (O—Na) Ibfr 2 (B 19 ) 52 S BILA WL B 7 Ak 1 B 22
R, FefmiamE ke 7 as. wTiedt
THERM . CRREA. KRR FIREA. 9 IR
AT MG R B A REBE X L (AR 7), BHAAE
—EEHEN, O—NatEretom, RIRMAIEIMLES
BN EMEEE B — LB e B A, XS MG

Yixste, a2 O—Natgrem /N, HEHn
it BB IR AR SR PR TT AHENT, 200 7 i HL s
PR A6 A 4 8 B (O—Na) I S g, B A7 42 H
MR AL — PR T

Lin SE995F 75 N 53 S R E Al /e, I T
1 e 1 4 PLE (HOMO) REZ AL & 4 S A FL 35 0 5%

7 HRERLILAYO—Na B2EEFI /7 fREL E ™"
Table 7 The calculated bonding energy of O—Na
moiety and decomposition potentials for various

carboxylates™"

SRR R O—Naf#fglev  SEMMRHEIEN
Y CHO,Na 6.04 4.29
LA C,H,0,Na 2.74 418

R C,H,0,Na 5.88 4.22
R Na,C,0, 5.84 4.19
73 R C,H,0,Na, 5.66 3.98
TW—®M%  CH,0Na, 5.93 4.36
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RO K 2. W AR T R . R
TR, TREE B, N-FRETE 2%
TN Ay T B A 4 A T #LE (HOMO) BE 2% (1L

*8 FREREIAYO—NafE.

#*8). WK, BEHOMOREYIE K, e
SRR EC. A, O—Naftfeth 50 @A E
B SCHE, O—Nat e, 70 fif H Skl s
HOMO Fn 43 fig e [

Table 8 The calculated bonding energy of O—Na moiety, HOMO energy and decomposition potentials for

various carboxylates

[48]

4R [12==5¥ O—Naktfit/eV HOMO/eV SE oy A UV
CH R C,H,Na,0, 3.536 -0.223 4.35
TR B C,H,0,Na, 3.300 -0.218 4.30
P B C,H,NO,Na, 2.480 -0.184 3.82
N-FREE R~ 2 4y C,H,NO,Na, 2.455 -0.181 3.60

Yang S KGyE EHLRE, R IFMS T T
W TRREN . T RN AR T R A K e o
(C—COONa) 1 EkAE, KILHEA B AR, E A5
fifk HL S PRI

MNEANTTHKE, B eH 0T HOMO
Aed. O—Na#fEM C—COONa st fE, LT
H Ae B R T AR IR S AT, X — R
RN o F BRI T .
2.2 IR E RS (6

FEANERAMAT B S R, 557
S ) R A R R A R ) R (A L 7), I K )
BB ZEM, 16T R RE PR R k£
ZR . FMIAFIER B A TAE T M 3 i P A H
SRR P VS SR ARDGE L, AN R 28 A ARk 1) 5 B A
BB UE TR IR R TR . WA HLIEAR
MR R 38 2R R (RUE
FENANATR, DA R R IR A ML B R . o
PR CARE SR RN AR N T, 3K W T T K R T
ik 245 55 5 FH LRI P A R BRI, O A B HE <A
et v, xR RE LT G ST R e, R
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REVEE O NE. NN amre=mt, —8
etk —FAERE SRR Zi i, AR D EA
VAT EE AR T (] A R (v R RN T R B 4

PRI . N-FE W I LR N A R
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B AE R RE A /N . 58 =208 “TIEARIR R #h
BRI, BIINFESE T RN =& 7
B, AR ) B RIS, BURRTR M o)
PR IR LSS, A0 2R W A AR ) A R
Fi. Fdk, BRI BILSAEIBRA FIARRE, K
NEZ 2= 55 N IR BN 4 SR A 57 b ) e A I B AR
BRGNP . SRR AN By e, T ARTE VRN
To MWAMMAFERT, IR R AT I 1 5% B 5 H
MR TN R, 2 B Ak N A 7
RURURE IS o AR AT A M P 4 U AT R R AE
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RN KERR, SWINELED, S5 S0
EPE. MTHEESEIN R B E BRI SRR 2
TERM A B RALE, #reAl R R, R E
K, FLIFSHEEEE R, SEUSHEDIR 54
TR, L2 A AR . Yang 5 A
FEN, T R AN INE M 10% 35 m 2] 20% i,
HI R R TH L 28 I A, IS PF 25 B R R
e S —J51H, &P S BU LI AR AR TR R AR
ER . B SEis, Bl BRI NI ]
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Fig. 7 Possible states of sodium-ion batteries after charge-discharge cycles with organic sacrificial salts in
cathodes
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2 ZYEWTELA SCHR R L, 22 B0 50 R R
RORBIFVEANERTE,  HnT B M RR T 5 1) St
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Fig. 8 Charge-discharge profiles of the full cells
without or with 10% C,H,NO,Na, with a current density
of 0.1 C*
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BESIERMEBIEREZ M) FE. BRI, X
— LR AT BEYR T AN G L A 2 R R R A Y
(173 AN SR Ab s 3B 51 T HeAt B SR (n+h

FEZ i IR Y 25 A ROBL . FM
715 B R R R AN AR T B R R ), T
GE P/NINESS Wil

®9  FAMAFIE LM DAMARE

Table 9 Sodium supplement efficiency in full cells

o A WA SSMERHIMRR SN ERG R AMREs s
A ERERA ' S o - A%
/% i L %5/ (mAh/g) 7 &5/(mAh/g) H/(mAh/g)

CHO,Na®? Na, 5;Nig .2 s MN, 5,0, 15 193 102 394.1 153.9
Na,C,0,1*! Na,,Ni,,Mn,.Ti, O, 10 180 120 400.0 150.0
C,H,0,Na,*@ Na,,Ni,,Mn, i, O, 20 250 120 362.1 1795
C,H,NO,Na,“¥  P2-Na,,Ni,Mn,,Ti, O, 10 189.4 96.3 302.7 307.3
C,H.Na,0, " Na,V,(PO,),F,fGO 10 160 115 311.5 144.4
Na,C,0," P2-Na,,Mn, Fe,,0, 31 185 101 339.2 79.9
Na,C,0”  P2-Na, Mn,Fe,,.Co,..0, 20 210 120 250.4 179.7

EAERRE, B SCHE & I E6 4 0 44 550 (n
DTPA-5Na. HUEERRANAE) i By o o 30 sl be
HEEE R AR, X IR 5HMA%E
i e (1 285 SRAH ELEDIE,  JE— 25 3R WA ML IE AR KA 77
P54 Lt ) SROBEML B A S et BRI, S
AWLIERAMAFI = RS, s 5 @i 5 2 R AR+,
ARG ILLE ST J4 it Ak 2 P )ROSR ATE 72, A A
PRI SRR, AAMIAFI I P B AL SR A
HIS .

3 AMIEMRF

ie

A HLIER ANV REL AL 10 32 22 TR R £ T 1%
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I, DRIEAE R FH B 75 22 4R M B8 5 AR 2 [ ) B
LIp=

TERRAR AL S ARAL T T, SR 7 R A A 45 )
ANATIRLAR DL S TF KA R SE . He 55 N“hd i
HAERIX— “H R L 177 208 R VAR PR
FOK AR o Jo 55 APi@ it Bk B ix — “ H L
7 WA R T Z K EDTA-4Na-4H,0 [ ki 42 M
50 oK 72 47 BRAR & 310K, B S 5 T J& Fa A 2=
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Gy TR RIS T &, EAES. BAHEARIT
R, Niu SR i L — Ak &T RuO, (AL
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Fig. 9 (a) Effect of different conductive additives on electrochemical oxidation potential of Na,C,0,;
(b) relationship between Na,C,0, oxidation potential and amount of conductive additive*"
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