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Enhancement of Electrochemical Performance of Polyoxyethylene—Polycaprolactone Blended
Na-Ion Solid Electrolyte by Incorporating g-C;N4
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Abstract: The composite polymer solid electrolytes (CPE) were prepared by a solution-casting and hot-pressing method. Na-p-Al,0;
and g-C;Ny particles were incorporated into a polyoxyethylene and polycaprolactone blended polymer electrolyte to obtain the CPE.
The microstructures, chemical and electrochemical properties of the composite electrolytes were investigated. The composite
electrolyte with a high conductivity at room temperature, a high voltage stability, and a dendrite suppression capability is obtained via
optimizing the mass ratio of each component, especially g-CsNy. At 50 °C, the symmetric cells with metallic Na electrodes exhibit a
good long-term cycling stability at a current density of 0.1 mA/cm?. The all-solid-state cells with Na;V,(PO,);@C positive electrode
and Na/C composite negative electrode maintain a specific capacity of about 107 mA-h/g at 0.2 C.
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CPE-NaAlO is a mixture of polyoxyethylene(PEO)—polycaprolactone
(PCL)-NaFSI and Na-B-Al,0;; CPE-NaAlO-C3;N, is a mixture of
PEO-PCL-NaFSI-Na-B-Al,0 and g-C3Nj.
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Fig. 3 Differential thermal analysis curves of samples

Hk, ToHLIE S HAR T I AT LA 24 B 2R
B VIS G, (R AL S BT 10 8 TR X S50
[E] s TEATL ] A5 A AR S ] DAL S B 7. 75 Bk
132 PCL 5 PEO sk Ll ity BLaih b4k s th 4k
Na-B-ALO; & &, KMG 7l i T2 H TeHUER
whni, Wk 4b fros. BB 4b 7R, fE7E 2 AN H
SRR, 55 1 ANEAE B I IR DR AT e R R A 4
m P N RIS T E A AR, 2 MEE
(140t 30 A2 PR SR ST WL RORE (1) B A5 165 o 48 DI L RORE 78
Na'fr L4t 2 7 ek i 1E F - 4k S8 i e LR
LB 28 i S R B, X AT AR 2 ANEE 5.
—J7TH,  TEHLITORL I LA 38 o 2 5 ki BE %€ 2508



FES0E%E 1

FYEE 55 g-CoN, IR IS L) TR O Py BRI B 8 1 [ A i gt o LAk S TR - 51 -

PELAS 7 B Hissh; 5 —J71m, 15 g #m
AN EHHE TR ERS SRS X,
ESHEMNEHS TFHRERD . ZERNERE
SCHR[28-29 14 TE 1 —EL

7.0

6.0 1

50

ax10°(S-ecm™)

40 |

30 1 Il 1 1 1 Il
0.0 0.2 0.4 0.6 0.8 1.0
w(PCL)

(a) Content of PCL in CPE

9.0

8.0

7.0

x10°/(S-cm™)

6.0 [

50 1 1 1 1 1
0.00 0.05 0.10 0.15 0.20

w(Na-B-Al,O;)
(b) Content of Na-B-Al,0; in (CPE-NaAlO)
20

| | ./
sol
06 08 10

4.0

ox10%/(S-cm™)

0.0 0.2 0.4
w(C;N,)
(c) Content of C3Nj in inorganic particles

w is mass fraction.
Bl 4 S8 AR 20 23 o L 25 T HL 5 R (o) I RS T
Fig. 4 Influence of mass ratio of various components in the
composite electrolytes on ionic conductivity at room
temperature (o)

g-CaNy TEH IR R R E AR AE,  HAFIREE M AL
TR E B P A HEIERY, 5 Na-B-ALO; —
FEE TSR 2 S & i b, dt— P
THEE, WE 4 P, @it g-CN, Al
Na-B-ALO; i, BmALFEINIE A KAV B,

FIRE TS RBAE A 1.87x107° S/em, X
g-C3Ny i L T HLBIURL (g-CsNy+Na-B-AL03) i Jii &
I EH 30%

M2, HEHSRAERBINE A BEREAR
mELRETHSE, HREsfimibs s
0.87(0.7PEO:0.3PCL)-0.13(0.7Na-B-AL,05:0.3g-C3Ny).
BT HRSRMET TR E LT 2 N7 TH: —J5 T,
PEO 1l PCL 3LiR#E & 7 BTS2, »—J7i, H
Bl 4c v] ., 4 RN —FhIEHUBORI , HL 5 238 AT
B, 4 2 FOEAUBRIE RIS, SR
T HIn—Fh LR & & AR . XAl REE T
2 AU R SEA R, BRI 01, KE
VIZE TN, fH2E kS N IE, A, Ak
VIR R R IAAAE IR AT, AT LS B E AR
BT HERTS, T g-CoNy 1 & & &R 7 7] LAY Bh
W TR, R, B T LIE R A S L
MR S B s .

SEHRMBRMETHSEINE SRR
Wik 5 Fros. HE S af 0L, BIAELE 80 CABER AT LA
1SREPTHE, PLEH T AR RAF R .
M 3 RS Z& T LA, CPE-NaAlO #
CPE-NaAlO-C3Ny I A0 U [ AR B 2 FRAIG, 1 BHAE:
NG R R AR . T L, ZE T 2R L I B
R BIRE SR R — AN RREE IR, AR S
T 40 CHiAE D REWRE T R ERL, A
R BLRRAEF] 70 C. X ELJE PR S BORE L T N
(18 i SRR AN R A B R, K
I, B 5 H ) Arrhenius #H 22 AR I H B S (105 Rl
. WA E AT LR EIELRE. TR A8
AR IR 11 B B e ARV F5E , VL RESR F Arrhenius 75 FE 4L
HiR ERALH 3 MR A, 193] CPE-NaAlO
CPE-NaAIO-C3;Ny HIME 7351 4 0.64 eV A1 0.45 eV,
Ja E BRI S BE B IR E BRI AN B il .

LSV Wik n] LA 24k s AL DADF A H A IR
(R fe A . A FR I AE 50°C AL H AL
Wk 6 frox. HE 6 1L, CPE-NaAlO HiLf#H 1
FALENAIZI N 3.4 V, 1l CPE-NaAlO-C3N, FLf# i
MEACEAI B 4V, R g-CN, G NFEm TR
H YRR T = R AE /. CPE-NaAlO-C;3N, H
fif I R IE RS MR L NasVa(POy); DEHL .

TELIAUAIE B 1 2 B % s B FEL AR S X 4 B N 17 L T
R PEARHN AR SR I RE T N T $ m F ML A 3A
PERE, XIRREACR AR E AR, 2 Pl s
TG 2R a0 7 fis. 7E 50 °C. 0.1 mA/cm H



52 . (RERR Sh22 40D

J Chin Ceram Soc, 2022, 50(1): 47-54 2022
Wi#E, CPE-NaAlO MR 7E S5 345 F8 A%, 20
1M CPE-NaAlO—C3N, HLfR T 7E 56 480 Rl IS {75 K H ER sk
g XERIIA g-C3Ny J5, B & WM 1 FL <
RS TR, XTSRRI N g-CaNy NSRS Suof
TREY BRI RN, NITFEAS T 88 &) S |
AR, e I BT A A 4 R AR " v
S ELRIA MR B S G R ). AR 2 ol
H AL AR R 0 R IR R, eI 0 7 e
PR ok H OB AL H PR, DI 2 BBt o CPE N
ST LRI 5 A B AR 0 T v
-32
15+
36+ <
= E 1.0
40 Ff £ .
s
2 44
N 05 L 4V
N o
00 1 1 1 1
S27 . . . . . 2 3 4 5 6 7
28 29 30 31 32 33 34 Voltage/V
1000 (b) CPE-NaAIO-C3N,
r Kl 6 CPE-NaAlO 1 CPE-NaAlO-C;N, {E 50 ‘CH] LSV fHZk
(a) CPE-NaAlO Fig. 6 Linear sweep voltammetry (LSV) curves of CPE-
32 NaAlO and CPE-NaAlO-C;N, at 50 C
=36 2f
S 4.0 . > !
T g
3 44 =
=
-4.8 -3 }
0 50 100 150 200 250 300 350

2?8 2:9 310 3j1 312 313 3.4
@/K-l
(b) CPE-NaAlO-C;N,
5 CPE-NaAlO il CPE-NaAlO-C;N, 5 & Hifft i 7E 25~
80 ‘C ] Arrhenius Hh £k
Fig. 5 Arrhenius curves of CPE-NaAlO and CPE-NaAlO-
C;N,at 25-80 C
¥ i CPE-NaAlO-C3N, Hi fig ;i 4 % 7
Na/C|CPE-NaAlO-C3NyNa3V,(PO4);@C 4= [iil 45 H
WA IAEAT A, 78 0 r, b 4 AR A A5 E 1
Wl 8 Fron. HIIEM &M 2~4 V. 02C (1 C=
117 mA/g)~ 50 C. FHEMh H bL 25 & I 4R 10
96 mA-Wg BWH K, FEMEIS 15 )5, AEIREN
W, LLEELZN 107 mAh/g. BIREE Coulombic
AN 80%, (HAEZS 2 B 5 EEIA T Coulombic
R 100%. RN LANMER B, 780 2
HIZWIE R, FTRERDPUNE RN RS, &8

Time/h
(a) CPE-NaAlO

Voltage/V

0 50

100 150 200 250 300 350 400 450
Time/h

(b) CPE-NaAlO-C3N,
7 CPE-NaAlO 1 CPE-NaAlO—C;N, HI1E J & B i 25
(50 °C, 0.1 mA/cm)

Fig. 7 Cyclability of CPE-NaAlO and CPE-NaAlO-C3N, cells
with a current density of 0.1 mA/cm? at 50 °C
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