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Sodium Alginate Binder for Red Phosphorus-Carbon Anode of Sodium Ion Batteries
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Abstract: Red phosphorus-carbon (P-C) composite has been prepared by a ball-milling method. By using sodium
alginate (SA) as the binder, the electrochemical performance of P-C composite as anode for sodium ion batteries
is investigated. The results show that P-C composite electrode with SA as the binder displays a higher reversible
capacity (at the current density of 0.1 A-g™, a discharge capacity of 2 126 mAh-g™ was obtained after 20
cycles), compared to the case of PVDF binder. The P-C composite exhibits improved electrochemical performance,
mainly due to that chemical interactions exist between SA binder and active materials. This could effectively

buffer the volume change of P during charge/discharge process and maintain the stability of the electrode.
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Fig.1 (a) XRD patterns of C, red P and the as-prepared P-C composite; (b) SEM of red P; (¢c) SEM of P-C composite;

(d) TEM image of P-C composite and the corresponding EDS mapping images of ((e) C and (f) P)

B 7 7~ ,SA FE~1 598 em™ HI LT — AN X0 N A R A
R 0 6l B 0=C-0-HI A A FR AR EN (2 F~1 410 om™ M H
.\o/%&/o%— f-f H O=C-O-X TR AHRZN , TE~1 028 cm™ HYUEEXT ]
S0t Nao” o noF C-0-C AR FR il 45 % 31, 7E~1 300 om ™! YR 3%
i 1 L I 4 24 B C-C-H Al O-C-H 2B, A& b ] L
SA PVDE A R M 22 S, WA I 1) B s R R B A T
K12 SA 5 PVDF 5 745k X fif, XJ& T SA TR P AR 5 BT R (52
Fig.2 Molecular structures of SA and PVDF SA #H [:[Q)B’JJE R M T~1 300 em™ M0 LT 78 &
@ 7 ()
= Electrode/SA —— Electrode/PVDF
—SA —— PVDF |

4000 3500 3000 1500 1000 500 1400 1200 1000 800 600 400
‘Wavenumber / cm™ ‘Wavenumber / cm™

et |
J\,\ |
(

14

K3 (a) SA FIAE T SA 419 P-C 2 &R ALLIME R, (b) PYDF S5 H] PVDF il % 1 P-C 26 ¥ il iy 205035 &
Fig.3 (a) FT-IR spectra of SA and P-C composite electrode prepared by SA; (b) FT-IR spectra of PVDF and P-C composite
electrode prepared by PVDF
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Fig.5 Discharge/charge profiles of P-C electrode prepared by using different binders: (a) SA, (b) PVDF at 0.1 A-g™ and at

Ist, 10th, 20th cycle



%56 W BB 55 SR S RE 260 T T B4 5 P 2 — 0 A 033
T 30004° oS4 @ 1200 —:gmm— ® SA ® 1 1201 esA ©
% ® PVDF R, z, e PVDF . ® PVDF

g .
= 2 0004 QO-OIQA.go.z Ag 0.1 A . O
= . ......0.5 . 0..2;&.{‘.0... C\fn 8004 o o. A 9 8004 . .
o = LN =
% o.. L P 1A'g".g‘§::g’ [\Il . & o..o [? . ° . °
o 10004 oo o e®  e0®
< ®ecee 000y, 4004 ‘.O 4004 Lol ) ..~...o
2 00, ° . o®
d 0 ...‘.ooooo"... oo
5 10 15 20 25 30 35 0 400 800 1200 0 400 800 1200

Cycle number

Z'Q Z'Q

6 (a) P-C 2P A5 3 PERE L (b) TER 1 JEII(c) B3R 20 JE 2 J5 0 P-C 2 4 el B BEL 7 30 (P49 9 P S 28 o B 1

Fig.6 (a) Rate capabilities of P-C electrodes; EIS of P-C electrode and the corresponding equivalent circuit;

(b) after 1 cycle, (c) after 20 cycles
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