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Abstract : Two needle cokes (NC-A and NC-B) that differ in both the texture and impurity content to each other
were graphitized at 2000~3000°C, and the average particle size, size distribution and surface area were compared
after milling. Their anodic properties in Li secondary batteries were also analyzed. Two materials showed a higher
degree of graphitization with an increase in the preparation temperature, however, the NC-B series was less graph-
itized than NC-A due to the presence of impurities and less ordered mosaic texture. The mean particle size of the
milled powder was proportional to the degree of graphitization, but the surface area showed the opposite trend. The
highly graphitized materials yielded powders of lower uniformity in the size distribution. The discharge capacity of
the resulting carbons steadily decreased in the temperature range of 1000 to 2000°C due to the depletion of car-
bonaceous interlayers that contain crystal defects. A later increase in the discharge capacity was observed at >2000°C,
which arises from the formation of graphitic interlayers. The milling process gave rise to a sloping discharge curve
at >1.0 V, but this was converted to a plateau at <0.25 V after a repeated cycling or additional heat-treatment at
1000°C. The discharge at >1.0 V likely comes from the disordered surface structure formed during the milling pro-
cess. The evolution of a plateau at <0.25 V suggests that this disordered structure transforms to a more ordered
graphitic one upon a cell cycling or heat-treatment.
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Table 1. Physicochemical properties of 1000°C-heated needle
cokes that were used as the precursors in this study

NC-A-1000 NC-B-1000
Texture Flow Mosaic and Flow
Volatile matters/wt% 0.09 0.11
Sulfur/wt% - 1.03
Nitrogen/wt% - -
Ash/wt% - 0.28
Lc(002)/nm 3 3
Density/gml™ 2.144 2.059
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Fig. 1. Evolution of (dg)ae and Lc(002) according to the heat
treatment temperature. The values were calculated by Gakushin
(JSPS) method.!¥
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Fig. 2. Average particle size and BET surface area of the NC-A and

NC-B derived carbons. The milling conditions were described in
the text.
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Table 2. Particle parameters of the milled needle cokes-derived carbons according to the heat treatment temperature

NC-A series NC-B series
2000°C 2500°C 3000°C 2000°C 2500°C 3000°C
Avg. particle size/um 9.94 19.57 41.09 9.88 11.62 22.26
Uniformity* 1.325 0.683 1.298 1.27 1.800 2.368
Curve shape G° NG® NG G NG NG
Surface area (BET) /m?g™! 27.8 16.7 10.38 30.7 23.8 18.6

*The uniformity in size distribution measures the mean deviation from the median size.

bGaussian distribution
“Non-Gaussian distribution
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Fig. 3. Variation of the 1st discharge capacities according to the
heat treatment temperature. The measurements were made with a
gravimetric current density of 30 mAg™ (equivalent to 0.3 mAcm ™)
in the potential range 0.0 to 2.0 V (vs. Li/Li*). The detailed experi-
mental conditions were provided in the text.
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Fig. 4. The 1st and 3rd charge/discharge profiles obtained with the
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as for Fig. 3.
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Table 3. Variation of discharge capacities in four potential regions
with/without an additional heat-treatment at 1000°C

Samples Span! Span/l Spanlll Span/V Total discharge
/mAhg™ /mAhg™' /mAhg™! /mAhg™ capacity/mAhg™
Milled NC-A 111 79 64 71 325
Milled NC-B 109 80 65 69 323
Reheated NC-A 121 79 68 54 322
Reheated NC-B 119 80 65 58 322

The values were obtained after integrating the EVS profiles shown in
Fig. 8. Span 7: 0.0~0.12 V (vs. LV/Li*), Span /I : 0.12~0.16 V, Span
I11:0.16~0.25 V, and Span /V: 0.25~2.0 V.
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