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Fig.1 HRTEM micrograph and and corresponding lattice stripe micrograph of calcined

petroleum coke under different calcination temperatures
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Table 1 XRD structural parameters of calcined

petroleum coke

T/°C L,/nm L,/nm N,
25 — 2. 69 2.25
300 — 2.47 2.07
600 — 2.05 1.77
800 1.43 2.67 2.22

1000 1.49 3.55 2.88

1200 1.81 4.91 3.86

1400 2.57 6.33 4.97

1600 3.13 7.29 5.71

F2HME2(a) in, GRERTE25 CHF,3 Fisk
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Table 2 Proportions of primary fringes, medium fringes and long fringes at different calcination temperatures

%
T/°C 25 300 600 1 000 1200 1400 1 600
3~114A 81.78 82.21 82.96 70. 62 62. 87 59. 04 55.47
11~22A 17.01 16. 60 15.97 24.05 29. 66 29. 84 30.92
22 ~50 A 1.21 1.19 1.07 5.33 7.47 11.13 13. 61
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Fig.2 Curve fitting and verification of length distribution ratios and L, of

calcined coke lattice fringes at different calcination temperatures
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Fig.3 Curve fitting and verification of distribution ratios of every stacking type, average stacking frequency,

and S, of lattice fringes of calcined petroleum coke at different calcination temperatures
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Fig.4 Rose wind direction diagram of lattice angle distribution every 15°

at different calcination temperatures



14 - v EAH & S A 48 LR
®3 A[FPBBEIREE T 15° 8 ShA% 1 oA
Table 3 Lattice angle distribution every 15°at different calcination temperatures
s F () ZRETTRR S L/ %
25C 300 C 600 C 800 C 1000 °C 1200 °C 1400 °C 1600 C

0~15 3.84 5.17 5.67 2.55 0.11 0.02 0. 05 0.14
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60 ~75 14.55 13.51 10. 64 16. 06 19.79 17. 44 16. 68 14. 31
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Fig.5 Curve fitting and validation of A, for

lattice fringes of calcined petroleum coke at

different calcination temperatures
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Fig.6 Raman spectroscopy of calcined petroleum coke samples at different calcination temperatures
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Effect of calcination temperature on microstructure evolution of

calcined petroleum coke

YOU Zihan', XIAO Jin', YU Pusheng’, ZHOU Yu', GAN Xiaoshuang' , ZHONG Qifan'
(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Jinan Aohai Carbon Products Co. Ltd, Jinan 250101, China)

Abstract. Calcined petroleum coke is an important raw material of metallurgical carbon materials such as carbon
anode for aluminum electrolysis. The existing research lacks of in-depth exploration of the microstructure evolution
of calcined coke at different calcination temperatures, which makes it difficult to intelligently control and reduce the
consumption of metallurgical carbon production. In order to solve the above problems, an intelligent extraction
technology of lattice fringes of carbon materials based on HRTEM detection and mathematical fitting were used to
investigate the evolution law of the microstructure of calcined coke at different calcination temperatures. When the
temperature was below 600 “C , the average lattice fringe length, total stacking frequency, and 45° contribution of
the calcined cokes slightly deteriorated with the increase of temperature. While in the temperature range of 600 to
1 600 °C, the variation patterns of the characteristic values were consistent with the Sigmoid function model, which
increased rapidly and then gently with the increase of temperature. The effective temperature intervals of the
microstructure characteristics were obtained via the deduced formula of the fitting curves. The priority of the
microstructure characteristics changing with temperature was as follows: lattice orientation > lattice stacking >
lattice growth. The graphitization degree R of calcined coke varied from 0. 86 to 0. 59 in the temperature range of
25 ~1 600 °C by Raman spectrum analysis. The evolution law of graphitization degree at different temperatures
demonstrated the result of the variation patterns analysis of the above microstructure characteristics.

Key words: metallurgical carbon; calcined coke; lattice fringe; microstructure evolution; aluminum electrolysis;

carbon anode; calcination



