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Study of discrimination between natural graphite and artificial graphite

Kenji KIMURA*, Masanori KODA*, Naoki KURASHIMA*
*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

Methods for discriminating between natural graphite and artificial graphite by ash content, thermal analysis, scanning
electron microscope (SEM), elemental composition, and X-ray diffraction pattern were examined. Ash contents for all
artificial graphite samples were less than 1.12%, whereas ash contents for all amorphous graphite samples and some
crystalline graphite samples, which belong to natural graphite, were more than 2%. By SEM, some particular characteristics
were observed on the surface of particles of artificial graphite. Based on X-ray diffraction patterns, among the range 20 =
40°-45°, the peaks assigned to both hexagonal and rhombohedral graphite were observed for all crystalline graphite samples,
whereas the peaks assigned to rhombohedral graphite were not observed for some artificial graphite samples. These results

provide useful information for discriminating between natural graphite and artificial graphite.
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2.
21
Table 1
Table 1 ~ Graphite samples used in this study
Sample [ Kind of graphite Origin Sample [ Kind of graphite Origin
1 Crystalline China 22 Amorphous China
2 Crystalline China 23 Amorphous China
3 Crystalline China 24 Amorphous China
4 Crystalline China 25 Amorphous China
5 Crystalline Sri Lanka 26 Amorphous China
6 Crystalline China 27 Amorphous China
7 Crystalline China 28 Amorphous China
8 Crystalline China 29 Amorphous China
9 Crystalline China 30 Artificial China
10 Crystalline China 31 Artificial Japan
11 Crystalline Brazil 32 Artificial Japan
12 Crystalline Ukraine 33 Artificial China
13 Crystalline Sri Lanka 34 Artificial China
14 Crystalline Brazil 35 Artificial Japan
15 Crystalline Brazil 36 Artificial Japan
16 Crystalline China 37 Artificial Japan
17 Crystalline China 38 Atrtificial Japan
18 Crystalline Sri Lanka 39 Artificial China
19 Crystalline Sri Lanka 40 Artificial China
20 Crystalline Sri Lanka 41 Artificial Japan
21 Crystalline Brazil 42 Artificial Japan
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31
Table 1
Crystalline 0.02~12.84 % Amorphous 2,15~
19.83 % Artificial 0.00 ~1.12 %
21
11 sample 3,4, 7, 8,9, 11, 15, 17, 19, 20, 21
21 10 sample 1, 2, 5,

6,10,12,13, 14,16, 18
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2%
1.12% 2%
Table 2 Ash content for each sample
Sample | Kind of graphite Ash (%) Sample | Kind of graphite Ash (%)
1 Crystalline 7.33 22 Amorphous 15.90
2 Crystalline 2.19 23 Amorphous 7.26
3 Crystalline 0.70 24 Amorphous 2.75
4 Crystalline 0.15 25 Amorphous 15.94
5 Crystalline 6.90 26 Amorphous 10.16
6 Crystalline 12.12 27 Amorphous 13.14
7 Crystalline 0.75 28 Amorphous 8.56
8 Crystalline 0.02 29 Amorphous 19.83
9 Crystalline 0.06 30 Artificial 0.47
10 Crystalline 12.69 31 Artificial 0.00
11 Crystalline 0.43 32 Artificial 0.08
12 Crystalline 5.21 33 Artificial 0.28
13 Crystalline 10.09 34 Artificial 0.18
14 Crystalline 5.02 35 Artificial 0.16
15 Crystalline 0.12 36 Artificial 0.25
16 Crystalline 5.07 37 Artificial 0.10
17 Crystalline 0.68 38 Artificial 0.16
18 Crystalline 12.84 39 Artificial 0.21
19 Crystalline 0.34 40 Artificial 0.17
20 Crystalline 0.42 41 Artificial 0.07
21 Crystalline 0.04 42 Artificial 1.12
3.2
differential
thermal analysis, DTA Table 3
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Table 3 Peak temperature of DTA curve for each sample

Sample | Kind of graphite Peak temperature Sample | Kind of graphite Peak temperature
°C) O
1 Crystalline 865 22 Amorphous 737
2 Crystalline 881 23 Amorphous 746
3 Crystalline 889 24 Amorphous 676
4 Crystalline 871 25 Amorphous 725
5 Crystalline 850 26 Amorphous 685
6 Crystalline 871 27 Amorphous 743
7 Crystalline 824 28 Amorphous 691
8 Crystalline 842 29 Amorphous 646
9 Crystalline 820 30 Artificial 902
10 Crystalline 876 31 Atrtificial 849
11 Crystalline 914 32 Artificial 897
12 Crystalline 932 33 Artificial 835
13 Crystalline 852 34 Artificial 765
14 Crystalline 847 35 Artificial 890
15 Crystalline 828 36 Atrtificial 832
16 Crystalline 860 37 Atrtificial 858
17 Crystalline 714 38 Artificial 839
18 Crystalline 847 39 Artificial 901
19 Crystalline 772 40 Artificial 859
20 Crystalline 734 41 Atrtificial 829
21 Crystalline 814 42 Atrtificial 810
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Fig. 1 SEM images of particles of graphite samples; (a) sample 4 (x430), (b) sample 8 (x5,000), (c) sample 17 (x4,500), (d) sample 23 (x700), (e) sample 26 (x4,300),

(f) sample 40 (x2,000), (g) sample 31 (x450), (h) sample 32 (x270)
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Table 4 Elemental composition for each sample determined by X-ray fluorescence analysis

Element(mass%)

Sample F Na Mg Al Si P S Cl K Ca Ti \4 Cr Mn Fe Ni Cu Zn As Rb Sr Zr Mo

1 ND ND 119 899 3170 013 031 ND 362 828 148 ND ND ND 4090 047 ND 129 ND ND ND 0.26 0.83

2 ND ND 1.60 632 1830 0.04 391 ND 703 1080 348 ND ND ND  47.10 ND ND ND ND ND ND 050 0.92

3 ND 332 083 138 4290 ND 856 272 ND 347 1030 ND ND ND 2340 ND 315 ND ND ND ND ND ND

4 ND ND ND 3.60 2.22 ND 626 1770 170 11.80 1880 ND ND ND  37.90 ND ND ND ND ND ND ND ND

5 ND ND 1.16 143 1520 ND 8.42 ND 040 937 045 ND ND 021 6100 049 1.84 ND ND ND ND ND ND

6 ND ND 129 1710 3630 023 029 ND 6.02 539 103 043 016 ND 3090 040 ND 0.30 ND ND ND 0.15 ND

7 23.10 ND 854 1400 250 ND 2.68 110 093 1990 568 ND ND ND  20.00 ND ND ND ND ND ND ND 154

8 ND ND ND ND ND ND 274 2570 ND 1510 ND ND ND ND ND ND ND ND ND ND ND  12.00 ND

9 ND 1540 ND 472 478 ND 7.61 ND ND 463 3590 ND ND ND  26.90 ND ND ND ND ND ND ND ND

10 ND ND 383 594 2100 006 1.12 ND 200 701 113 ND ND 074 5610 032 034 028 ND ND ND ND 0.13

11 ND ND ND 622  39.30 ND 8.66 ND 464 582 3540 ND ND ND ND ND ND ND ND ND ND ND ND

12 ND ND 256 1020 1950 ND  0.90 ND 143 1270 127 ND ND 073 4940 ND 080 052 ND ND ND ND ND

13 ND 151 172 6.08 2680 013 6.00 ND 237 1380 133 ND ND 054 3680 0.66 212 ND ND ND 022 ND ND

14 ND ND ND 2140 3020 0.16 ND ND 038 043 163 ND ND 141 4370 ND 068 ND ND ND ND ND ND

15 ND ND ND 412 1860 ND  19.30 ND 426 789 28.60 ND ND ND 1720 ND ND ND ND ND ND ND ND

16 ND 252 053 212 1850 ND 242 804 122 854 837 ND ND ND 4640 ND ND ND ND ND ND 132 ND

17 ND ND 1.02 960 2040 011 4.08 ND 404 813 122 055 ND 048 4690 061 0.60 134 ND ND 0.29 ND 058

18 ND 060 118 326 1790 013 986 ND 266 1720 085 ND ND 060 4140 080 324 ND ND ND 032 003 ND

19 ND ND 213 255 1060 ND 4.46 ND 137 520 485 ND ND ND 5280 420 11.80 ND ND ND ND ND ND

20 ND 6.27 2.95 8.10 7.56 ND 5.76 5.01 528 882 6.84 ND ND ND 37.00 4.93 ND ND ND ND ND ND 1.53

21 ND ND ND 501 1330 ND  26.50 ND ND 3370 ND ND ND ND 2150 ND ND ND ND ND ND ND ND

22 ND 079 080 1700 3160 084 046 ND 899 962 372 ND ND ND 2440 019 ND 013 018 016 032 025 ND

23 ND 144 024 2180 3510 023 114 061 656 223 408 ND ND ND 2550 ND ND 030 022 ND 043 011 ND

24 ND ND 072 1170 2180 081 272 145 821 1030 479 ND ND 0.77 3510 ND ND 1.00 ND ND ND 0.64 ND

25 ND 100 068 1620 2900 089 060 ND 821 1550 541 013 ND 052 2060 017 ND 018 014 016 044 024 ND

26 ND 051 073 1340 3030 037 198 047 819 499 288 ND ND 041 3430 035 ND 029 027 015 021 017 ND

27 ND 090 140 1240 2170 166 130 ND 478 1700 161 ND ND 092 3540 ND 019 ND ND 013 060 0.04 ND

28 ND 0.14 063 1700 2930 049 343 092 1350 675 250 ND ND 040 2290 ND 0.35 094 028 ND 0.41 0.06 ND

29 ND 061 066 1470 3040 055 144 029 782 1280 505 ND ND 063 2370 ND ND 034 026 023 035 019 ND

30 ND ND ND 159 1360 ND 431 ND 113 3250 2230 ND ND ND 9.53 ND ND ND ND ND ND 15.10 ND

31 ND ND ND 532 721 ND 29.00 ND ND 2220 ND ND ND ND 3630 ND ND ND ND ND ND ND ND

32 ND ND ND ND 2.80 ND ND ND ND 439 1550 ND ND ND 7730 ND ND ND ND ND ND ND ND

33 ND ND ND 293 1210 ND 306 ND 129 1710 1220 661 ND ND 3150 1320 ND ND ND ND ND ND ND

34 ND ND 3.01 8.11 2.62 ND  17.00 ND 420 803 ND 2160 ND ND 2110 1440 ND ND ND ND ND ND ND

35 ND ND ND 165 371 ND 220 ND ND 485 7.05 ND ND ND 8050 ND ND ND ND ND ND ND ND

36 ND ND ND 2.06 2.01 ND 2.32 ND 042 6.07 ND 1830 ND ND 2840 4040 ND ND ND ND ND ND ND

37 ND ND ND 153 ND ND 2.36 ND ND 4.82 9.85 ND ND ND 8140 ND ND ND ND ND ND ND ND

38 ND ND ND ND 207 ND 2.16 ND ND 648 10.10 ND ND ND 7910 ND ND ND ND ND ND ND ND

39 ND ND 301 961 3260 ND ND ND ND ND  35.80 ND ND ND  19.00 ND ND ND ND ND ND ND ND

40 ND ND ND ND 3010 ND ND ND ND 1490 2640 ND ND ND 1900 ND ND ND ND ND ND 967 ND

41 ND ND ND ND 449 ND 420 ND ND 6.29 ND ND ND ND  85.00 ND ND ND ND ND ND ND ND

42 ND ND 038 335 609 024 335 ND 090 1220 309 ND ND ND 6690 174 ND ND ND ND 181 ND ND
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Fig. 2 Typical X-ray diffractogram of graphite (sample 11)
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Fig. 3 X-ray diffractograms of crystalline graphite samples; (a) sample 8, (b)
sample 11, (c) sample 15, (d) sample 20
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Fig. 4 X-ray diffractograms of artificial graphite samples; (a) sample 31, (b)
sample 33, (c) sample 40, (d) sample 41
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Fig. 5 Crystal structure of graphite; (a) Hexagonal (ABA stacking forms), (b) Rhombohedral (ABC stacking forms)
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