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Preparation and properties of aerogel sodium ion battery separator
with carboxy methyl cellulose cross-linked polyacrylic acid

WANG Runyu, LIN Xiuyi, ZHANG Weiwei, HU Chuanshuang
(College of Material and Energy, South China Agricultural University, Guangzhou 510642, China)

Abstract: [Objective] The aerogel sodium ion battery separator with electrochemical performance exceeding
that of glass fiber was prepared using carboxy methyl cellulose sodium (CMC) and polyacrylic acid (PAA) as
raw materials, and the effect of cross-linking temperature on pore structure of the separator was explored to
realize the electrochemistry performance exceeding that of glass fibre. [Method] The sol-gel method and
freeze-drying method were used to prepare CMC-PAA aerogel sheets, supplemented by high temperature cross-

linking to stabilize the pore structure. The influence of temperature on the diaphragm was explored through
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microscopic testing and mechanical performance characterization. The charge-discharge specific capacities of
sodium ion half cell with separators of CMC-PAA and glass fibre were compared. [Result] With the increase
of cross-linking temperature, the cross-linking degree of the carboxyl group of PAA and the hydroxyl group of
CMC in the diaphragm increased. As a result, the pore size and porosity of the diaphragm slightly decreased;
The elongation at break of the separator appeared to first increase and then to decrease. When the aerogel battery
separator was prepared with a mass ratio of CMC : PAA=1 : 1 and a cross-linking temperature of 130 C, the
charge-discharge specific capacity of the sodium ion battery exhibited 345.8, 317.3, 274.2, 136.8, 84.8, 61.8 and
341.4 mA-h/g at charge-discharge rates of 25, 50, 100, 250, 500, 1 000 and 25 mA/g current densities, showing
better properties than those of glass fibres (279.0, 233.1, 190.5, 105.9, 69.6, 49.4, and 275.1 mA-h/g) under the
same conditions. 130 ‘C-CMC-PAA exhibited a much higher electrochemistry performance than conventional
commercial polyolefin diaphragms due to its smaller electrolyte leakage rate, which resulted in an ionic
conductivity of 1.877 mS/cm and a resistance of 5.52 Q. [Conclusion] The application of battery separators

made of two water-soluble materials of CMC and PAA under 130 ‘C cross-linking in sodium ion batteries has

good potentials, having better electrochemistry performance than glass fiber.
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Fig. 5 Electrochemical performances of room-temperature sodium ion half cell with different separators
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Table 1 Ionic conductivity and resistance of separators
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Types of Resistance of . ..
Ionic conductivity
separators separators
105 ‘C-CMC-PAA 12.48 1.079
130 ‘C-CMC-PAA 5.52 1.877
140 ‘C-CMC-PAA 10.40 1.143
150 ‘C-CMC-PAA 5.32 1.928
WIILFYE Glass fiber 2.70 6.596
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Table 2 Ionic conductivity of different separators

e JE A
Types of separators

y/(mS-cm™)

Tonic conductivity

4 R -PAN-ALO, B & [BE Cellulose-PAN-Al,O5 composite separator
FR(1=[3(FF 22k PR I 9 A ) P R R I 2 | — 1 (= 5 PRI 8 ) WU M)

PMTFSINa—$2 5 [ 5t (3%

0.7511"
0.4621

PMTFSINa-grafted separator (The grafted poly(1-[3(methacryloyloxy)propylsulfonyl]-1-

(trifluoromethanesulfonyl)imide sodium))
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A polymeric coating layer of polyvinylidene fluoride-hexafluoropropylene (PVdF-HFP co-polymer) with

ZrO, nanoparticles to a polyethylene (PE) separator
% 2.4 Polyethene
TEGiAT R (M — LMo —F =7 N G A M ) SR 45 400 FL AR It

0.10%"
0.82°"

Commercial nonwovens/ Poly (Vinylidene fluoride-co-hexafluoropropylene) /Gel polymer electrolytes
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Fig.7 FTIR of 105 ‘C-CMC-PAA and 130 ‘C-CMC-PAA

B X 105 ‘C-CMC-PAA 1 130 ‘C-CMC-
PAA ] FTIR v LAE H, B A A2 G B2 138, 4
3 650~3200 cm ' ZbXF R O—H WA 1605, 1422
cm™' KX} B ff—COOH ] O=C—O0—I& 4 fT [%
i, 32 BT B 3G s, A B LB i, —OH A
—COOH /b BT, IXAIE B T Fifi 25 22 kil FEE 11 4
15, CMC F1 PAA [FAZ I EE 218
2.6 PREZAVETZURICE

T A K 2R i A R A B W S A K R
(BAZZ2), FRONBI R EE, H TR BLRER 32 i
KA B B A AR TR B8 T o X A [R I BE A 2R

CMC-PAA [ JESEAT S J1 200K, 45 Fank 3
Fi7R o

*3 [RARAYFEEFRETZRAKE

Table 3 Elongation at break of resistance of separators

B 5 R %%
Types of separators Elongation at break
105 C-CMC-PAA 13.06
130 ‘C-CMC-PAA 16.35
140 ‘C-CMC-PAA 16.36
150 C-CMC-PAA 12.70
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