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Adjusting carbonization process to optimize sodium storage performance of
coal-based hard carbon anode
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Abstract: Coal is a precious carbon—containing resource, which is widely distributed in China. With its abundant
resource, low price, high carbon contents, rich aromatic ring structures, coal can be considered as a high—quality
precursor for carbon—based anode materials, which is capable of increasing added value and technical content. We
can prepare hard carbon anode materials for sodium ion batteries by pyrolysis and carbonization. This paper uses
Xinjiang bituminous coal as the carbon source, adopts a two—step process of low—temperature pyrolysis and high—
temperature carbonization, and adjusts the corresponding process conditions. The effect of the development process
of bituminous coal mesophase on the structure of hard carbon and its sodium storage electrochemical behavior was
studied. We have found that changing the temperature range, carrier gas flow rate, and heating rate of low—
temperature pyrolysis can adjust the decomposition and depolymerization reactions in the formation stage of
colloids, then adjust the degree of volatile matter generation and escape, and the degree of colloidal solidification, so

as to adjust the specific surface area, graphitization degree and heteroatom content of the obtained hard carbon. The
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electrochemical performance test demonstrated that the carbonized anode electrode material under low—speed

heating range of 350-550°C, carrier gas flow rate of 60 ccemin™', and heating rate of 1°C min™' has the best

reversible specific capacity and initial coulombic efficiency, reaching 314.3 mA+h-g™ and 82.8% at a current

density of 0.02 A-g”', respectively. These excellent performances should be attributed to the coordination between

the ordered carbon structure and the defect structure of the coal-based hard carbon material.

Key words: electrochemistry; sodium—ion batteries; anode material; bituminous coal; carbonization conditions;

pyrolysis; preparation
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Table 1 Industrial analysis and X-ray fluorescence spectroscopy results of raw coal and deashed coal

AL Ge(F i
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X LSOO CHE TN %e(Biht)

M,," A2 v, Si0, ALO, Fe,0, Ca0 MgO Cr,0, Na,0 Cu0
JHE 2.32 378 30.72 0.320 0.300 1.210 2.690 0.360 0.033 0.000 0.000
IR 3.20 0.41 28.01 0.093 0.130 0.166 0.050 0.000 0.000 0.000 0.000
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Table 2 Structure information of the samples after carbonization

Sample Syl &) dyyfnm)  L/nm)  Lfom)  AJA, CAw%)  NAw%)  HAw%)  Ofwi%)
XIM-1-3-60 4435 0371 1.17 3.68 0.37 96.27 0.36 0.30 3.07
XIM-2-3-60 14.50 0.368 115 3.51 0.28 97.51 0.24 0.20 2.05
XJM-2-3-130 29.93 0.368 118 3.51 0.28 96.27 0.25 0.28 3.20
XIM-2-3-20 3.17 0373 1.14 3.37 0.27 97.99 031 0.19 1.51
XIM-2-1-60 10.55 0370 1.16 3.51 0.33 97.25 0.25 0.20 230
XIM-2-5-60 9.41 0.369 115 3.30 0.25 96.81 0.27 0.16 2.76
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Fig.1 TG analysis results of Xinjiang bituminous coal
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Fig.2 TEM images of different samples: XJM—1-3-60(a) Sample after low temperature pyrolysis, (¢) Sample after high temperature

carbonization; XJM—2-3-60(b) Sample after low temperature pyrolysis, (d) Sample after high temperature carbonization
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The first galvanostatic charge/discharge profiles; (f) Rate performance

T 23 T8 B — J2 SE1 IR, 52 0 44 25 7 1) ml 3 it i, PR
I R, XIM=1-3-60 %8 K1 b 26 T AL
R 5 5 22 (%) AN AT 3 5 e P 0 5, RIVRRDGM SR )
JAESRCRE . AR R RE B v 15, XIM-2-3-60 1%
FPEREBA , 7E 0.02 A+g'.0.05 A-g".0.10 A-g .
020 A-g".0.50 A-g".1.00 A-g " F12.00 A-g ™ B HL
BRER, Al L 2E & 4 O 304.0 mA-h gt 2757
mA-h-g", 2448 mA-h-g", 200.7 mA-h-g", 103.9
mA-h-g".62.0 mA-h-g"' f137.2 mA-h-g", HFE Y
B 7 25 A I T AE R HL I % BT PR Rl ™, A
MR = LA
22 RIBABBRHFFETHEEBR LB
sEA!

X XJM-2-3-130 1 XJM-2-3-20 ¥ i 19 b 3
T AR AT I, 25 SR AN 4a) TR o 518 3(a) P Y
XIM=2-3-60 AHALL , Ffr A ¥ i 14 52 B 058 s 45 et it 2
FFE I A AT [T B 0 T30 2%, FLBR Ak, 18
i BET J5 #2 1] 15 XJM-2-3-130, XJM-2-3-60 /I
XIM-2-3-20 # i (4 bt 2 T B0 51 29.93 m- g,
14.50 m*+ g 1317 m* g™ B TAAR () A Bl A ] £ 2
B4t T R R A 2o R ) — AN FE ), AR LB B
A, R Al e A R B 43 A SO, A R B 1) R
AV SIS TR S S AR TR A R 28 S

—MAEO T, BRI ERREER T &
BEAWI VBN B ABHER 250 (A 280k
BARET , 3% 28 /N3 SR B ZE T A S AR
T TCRRAE e A Rk v | 1 S AL T R e A4 R A BL 2 T
L, SRR A S AR IEAE G,

XJM-2-3-130 F1 XJM-2-3-20 #£ & 19 XRD
AN 4(b) T, A FE R AE 247, 43°F1 80° A A
WL = AN A S, 43 36 R A1 28 14.(002), (100) Al
(L1O)FT 5 A AT o Fh A P4 B AN AR A 20T 3 1
PSR AR 2, MRS R, — 4R
st Rl J22 () B T 0 A, LR L AL /N o 3k F2
SRR 8 2 A W 5 e RN RRUR R 1 J 2 HE 31 LA B
e O A e ast AR A R AT T AR I 4 2 43 I DT
A3 A, DTS 038 K A ik J22 1 BE A48 /N ()
i Rt o 2R TR 2 IR, BT I 45 SR
K 4(c) M 2. B3 M 130 cc-min™ [ ZE 60 cc-
min", FHREFY 20 ceomin ' B, A /A A (E IS AT J/)N 10
Y Sk sk 22 P42 % A DR A A L b R B s, 3
A1 AR AR B I TR ALK

PR RE B 2T 163 I 4d) T . T LR
i, XJM-2-3-130 FI XJM-2-3-20 ¥J 43 51| £ 3400
cm™ . 3000 em™ . 1600-1700 e¢m™. 1400 em™ F1 1050
e’ BT H B AN S5 I A0 4 AR 2R B Ak B



www.hgxb.com.cn c 7

Ty F2 5 A 4 FRIAG) G A S5 A R BRR S 1 1
C-H . C=0 # .5 848 I () C=C 1 C-0 FE 11
e P s>, 5 & 3(d)H By XIM-2-3-60 (1) {5 8,
AN R o JG 2 A Fr i R UL 3 2 AR 3R R AN T

P i B L P A B i B AL B 9 45 K, T
i XJM-2-3-130. XJM-2-3-60 F1 XJM-2-3-20 [ C
TG

D G
X JM-2-3-130 =———XJM-2-3-130
—o—XJM-2-3-130
[— 2.3 ——XJM-2-3-20
15f XIM.2-320 XJM-2-3-20
o
= - oy
€ 3 3
"o 10} < <
< z z
Z Z
E E E j\/\
=, = =
2 = =
5k
e -
oL
0.0 0.2 0.4 0.6 0.3 1.0 20 40 60 80 500 1000 1500 2000 2500
P/P, 2Theta/(degree) Wavelength/(cm™)
(@) (b) (©)
——XJM-2-3-130 30 — XJML2.3-130 00} 00 o XJM-2-3-130
~ 2009 0.02
e XJM-2-3-20 = XIM-2-3-20 N gh)-)v) 0.05 o XJM-2-3-20 R
P o250 9099995000 Current density: Avgl 09990
o = 0.10 viag
® . .
o :
‘% = é 200 020
'd =
b < £ %9000
g = g 150 0209
€ = g
= £ g 100
2 = 0.50
o 4
o = 1.00
. 93333 2.00
0
3500 3000 2500 2000 1500 1000 0 100 200 300 0 10 20 30 40
Wavenumber/(cm™) Specific capacity/(mA-h-g™) Cycle number/(n)
(d) (e) ®

K4 XIM-2-3-130 F XJM~-2-3-20 Ff il : (a) ZBFF IR T ZE 15T 5 (b) XRD 1815 (c) F12 G35 5 (d) ZLAMEIE AT (e) T R ST R
LR 5 () etk Re A
Fig.4 XJM-2-3-130 and XJM—-2-3-20: (a) Nitrogen sorption isotherms; (b) XRD patterns; (c) Raman spectra; (d) FT-IR spectra; (e)

The first galvanostatic charge/discharge profiles; (f) Rate performance
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Table 3 Comparisons of electrochemical performance of different carbon—based anodes for sodium—ion batteries
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Fig.6

(a) Cycle performance of XJM—2—-1-60 and XJM—2-3-60 samples at a current density of 1 A-g—1; XJM-2-1-60: (b) CV

curves at a scan rate of 1 mV +s—1; (c¢) Electrochemical impedance spectroscopy; (d) CV curves at scan rates of 0.1-1 mV +s—1; (e)

Linear relationship between log i (logarithm current) and log v (logarithm scan rate) of oxidation peaks; (f) Linear relationship between

log i (logarithm current) and log v (logarithm scan rate) of reduction peaks
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