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Abstract

In this study, effects of the physical and chemical properties of low temperature heated carbon on electrochemical behavior
as a secondary battery anode material were investigated. A heat treatment at 600 C was performed for coking of petroleum
based pitch, and the manufactured coke was heat treated with different heat temperatures at 700~1,500 C to prepare low
temperature heated anode materials. The physical and chemical properties of carbon anode materials were studied through
nitrogen adsorption and desorption, X-ray diffraction (XRD), Raman spectroscopy, elemental analysis. Also the anode proper-
ties of low temperature heated carbon were considered through electrochemical properties such as capacity, initial Coulomb
efficiency (ICE), rate capability, and cycle performance. The crystal structure of low temperature (< 1500 C) heated carbon
was improved by increasing the crystal size and true density, while the specific surface area decreased. Electrochemical prop-
erties of the anode material were changed with respect to the physical and chemical properties of low temperature heated
carbon. The capacity and cycle performance were most affected by H/C atomic ratio. Also, the ICE was influenced by the
specific surface area, whereas the rate performance was most affected by true density.

Keywords: Petroleum pitch, Low temperature heated carbon, Lithium ion battery, Material characteristic, Electrochemical
performance
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Table S1. Elemental Components and Softening Point of Isotropic
Pitch

o EA (%) sp
ample o
P H o) N S (TP
509  92.07 5.34 259 <001 <001 2711

1) The softening point of the isotropic pitch was tested using ASTM D3416 method
using DP-70 (Metler Toledo) equipment. Equipment was stabilized at 50 C for 3
min and heated 3 C/min.
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Figure S1. Thermogravimetric analysis of isotropic pitch at N2 at-
mosphere.

9 EAS S5k A B A58 549 ARy
FREEE!
2.4 o

2.1. SYY HXE St 27 M 'Y

Ao A= AFA] A HH(petroleum residue) 719He] S HX]
(Anshan Sinocarb Carbon Fibers CO., Ltd, China)E A3} ., A}
¥ A AR AL Table S1ell UeR)SITE A= 29
AAE] 3 Edtol AL DA BAE AxElon 13k dXE &
S+ J A thermogravimetric analysis (TGA) 413 E38to] 3 4]
ol AAR & R Hek 77kl 600 T & A48 th(Figure S1). 13}
A= N, #9171, 5 T/min 27044 1 h Fgsd o 12 A3
i AzH FAA3F FAE isotropic-600 (Iso-6) .7 HH3IATE o]

T AlxE 7343} RAE 700, 900, 1100, 1300 2 1500 CTE 1 h 5
QF 23k dAElste] AL dAE] @AaE Axsigleh oju, $& %E
9 AXE E7E 14} GAE 203 FskAl sk on], 94
g o= 25 T7HA] A WAsieleh Az AL 948 ©4as 4
2] &xof we} Is0-7, Is0-9, Iso-11, Iso-13 2! Iso-15% " 3Fth

22. N2 gME| B 24 M

AzZH ABZ2 C, H O, N % S ¥4 H]EL Thermo Scientific Flash
20002] U5 AREsto] SAE QTR He €2 Y4 SHFES Ve
E H/IC 94 vE ARXeigleon 7F 449 nj&2 59 Al dist
o] 53] FAste] Hataks 483k

AlFe] A%dS XRD #4185 Fsto] KE Sl Rigaku, Ultima IV
S ARSIt B4 40 mA AR, 40 kWl HQF 7oA 3
CT/min FAF £E2 APE A} 4o /\]"%EJ Fd2 CuKa (A =



A dA ) '

A B - 8 54 9 ol sl vAE 9% 85

Table 1. Physical Properties of Heat Treated Carbon according to the Heat Treatment Temperature

Sample He (?101(1)12) (nLr;) (n];ICl) An/Ag Co?g}lcﬁ; ity TnzZ/fr?)s ity Sp:rceif C(rflgfgf?w
Iso-6 0.66 - - - - - 1.3578 2.1548
Iso-7 0.20 03476 104.18 50.39 3.328 0.17 1.6741 1.6294
Is0-9 0.06 03512 113.99 55.14 2.880 37.07 1.9079 1.6875
Iso-11 0.02 03494 128.07 61.94 2.405 46.86 1.9784 0.9099
Iso-13 0.00 03503 150.16 72.63 2.053 60.92 2.0790 0.7970
Iso-15 0.00 03458 269.83 130.51 1.493 82.63 2.1311 0.7277
—m—lso-7 Stk 7R e 0 kgfellAl 2000 kgfel S ™ (Figure S2), 400 kgf
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Figure S2. Electrical conductivity of low temperature heated carbon.
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Table 2. Electrochemical Characteristics of Low Heat Treated Carbon

ofol

Samples Capacity(mAh/g) I.CE. Capacity Rate-performance Cycle performance
Ist charge 1st discharge (%) (mAh/g) (under 0.01 V) (%)(2 C/0.1 C) (%)
Iso-7 967.35 733.25 75.58 458.89 70.91 52.42
Iso-9 499.78 397.68 75.60 229.87 80.14 83.68
Iso-11 320.35 273.61 85.41 143.47 89.51 93.87
Iso-13 255.06 236.76 92.83 43.70 95.53 98.79
Iso-15 240.57 213.78 88.86 59.38 95.59 96.96
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ding to Site

Sample 0~()A2‘5 \% 0.25~():8 \% 0.8~1:5 \%
(%) (site 1I) (%) (site I) (%) (site 1I)
Iso-7 10.74 31.6 58.10
Iso-9 22.67 37.09 40.24
Iso-11 33.82 41.30 24.88
Iso-13 40.78 38.90 20.31
Iso-15 46.04 37.54 16.42

Table S2. First Cycle Discharge Capacity of Low Heated Carbon
according to Site

Sample 0~0.25 ‘V 0.25~0.8‘V 0.8~1.5. \'%
(mAb/g) (site 1)  (mAh/g) (site I) (mAh/g) (site III)

Iso-7 76.41 221.70 413.34

Iso0-9 87.04 142.43 154.54

Iso-11 90.30 110.27 66.43

Iso-13 90.21 86.04 4491

Iso-15 97.31 79.35 34.70
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Figure S3. Infrared spectrometer of low temperature heated carbon.
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Figure 3. Relationship of initial coulomb efficiency with physical and
chemical characteristics.
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