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Abstract  Effective thermal management is essential for improving the performance of lithium battery packs operating under low-
temperature conditions in cold environments. In the present study, sodium sulfate decahydrate (SSD) was used as the base material, and
expanded graphite (EG) with a mass fraction of 2%—-12% was incorporated to address issues such as material leakage, phase separation,
and low thermal conductivity. After considering the leakage, phase-change material sedimentation, thermal conductivity, and latent
heat, a composite phase change material with 10% EG filled into the SSD was selected. A low-temperature experimental platform was
employed to simulate the thermal management performance of batteries in cold regions. The results show that the thermal conductivity of
the 10% EG-SSD composite is 2. 093 W/(m*K) , with a supercooling degree of 17. 01 ‘C, meeting the requirements for temperatures
below 15 °C. System tests reveal that when the rig filled with the composite is at 5 ‘C, the battery temperature remains above 15 °C for
2.77 times longer than that without the composite, while the battery discharge power increases by 7. 53%, and the discharge time extends
by 28%. Furthermore, the charging efficiency is improved by 7. 55% and 13. 65%, respectively. Under simulated summer car vibration
conditions, the 10% EG-SSD can retrieve low subcooling heat release to ensure normal operation of the phase-change cycles.

Keywords hydrated salt; supercooling; wide temperature range ; battery thermal management
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Fig.1 Process of material preparation

R T B kKA R R O RS TR EG Y
EG-SSD & & PCM £ FREL 8 g WU & T84 1, IfF &
BE AU 25 A FE S B BR IC , B LA B XU T HR L v i
TP A TEREEE 50 °C, inERETE] 247 90 min.
D45 oG O R i 3 ok RS 8 AC I 45 R A
AR R, FIWEAR A EG & % T2 & PCM it Y

5

ORI
1. 2 A4 iliat
1.2.1 & E
FLFRAR IR R A TE AT R R AR
P (DIHERTRE,
dT

Q=-M- (1)



H %55 KGRI R I ] T AV L IX T8 IR X H T B B A AT 5T

Ao Q AR, WA HGE R, W/ (m-K) ;A N H
B, m?s dT/dx AR BRI .

ARSCR B FR AS0: C RMNA R 58 32 5 S5
JE AR AR TR A s A B SR R AL 4 BB
B A 2 R DR A ) S M A T A B A
YU R IRLEE R I A N R N IR 25 . B AR AR
LA RES , DL R B /0 R A X AL 34, TEAE
sty ARG AT 2 T B B R S AR, LA i A A A
IS
1.2.2 HRLWMBETEE

HEBAE PRI 20 g2 AU, B A e A i 58 [
SETERR 22 b, DR i SR 2 T8 v e
T e A A 50 COKIE R, A A L S A 0
o RSeS|, S By kA N AR 2 0 K5 20l
B K E T EE 20 s RIER AR A
13 CokB T R W B A FE SRR E . R R EE
SR AEASCAY B 18] ] B i BN 1 s, S0 F A AT 3K, OF
B 3 WS R B B R BE TR

K H 2 8 4 8 43k (differential scanning
calorimetry , DSC) #F AT AH AR FEM: 0BT , R Y AdK
A 50 mL/min , I3 B2 S L 0~60 °C, TH/IE R
AN 5 °C/min,
1.2.3 ARREM

K H #5175 (thermogravimetric analysis,
TGA) W 7 FF it 7 45 1 U 2 S Bl A 8 o f 452K, DA
5245 PCM BYIAEEE M o AR SCRAER A s
10 “C/min , 238 15 31l 50~600 C.

QB RGEE

2.1 BRIt

S 00 FH R B BB BE IR VR A Y R A ——
NX 18650 % [B] 4 = ST 8H 25 Ha b, A58 A [ml ik FL A 26
X SRR RS o Ay 1 R F S % e I A K F e
], DAORIEARAZ A} 58 4 Ak , i b R D O35 7 =X
R 8 A% AE SR HL (AL-208 ) K H b 1F 11 b 5 4%
F A, DRI R b ) % P B o 3 e B R Y T
P A% 30 P 0 3, 0 Fl b R L AR Rl 2 C

SRy TR b 6T L [ B R A AN ] T 0 % S

Vs, SRR R SRR I AT T v, R

AHAE AL FL Ttk A 2, 3B SR AR AR A Ak L F sl ) B2y
4 em 90 B AL, 7R AH AR AR H At (B FE R 2 em (1)
Sy Cdl, miE 2(a) Fl(h) fiR
2.2 RIRIME TR ER

WFFEFREA, 0~10 “CH& £ B 7 Ha i Mk B T Uy 1l 3%

186507
HAPCM IR AT Z Bt 4 e FHHLD

W —

S cmor 7 cm

2.4 cmor3.4cm

i —

6cmor 10 cm

(a) HL TR

(b) WA
2 BitH R R EE

Fig.2 Schematic diagram of battery arrangement
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Fig.3 Test rig for low-temperature experiments
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Fig.5 Cooling temperature curve of step-cooling experiments
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Fig.6 Phase transition characteristics and thermal stability
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