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Fig.1 Calculation flowchart of two-dimensional vertical shaft calciner model
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Table 2 Proximate and ultimate analysis of petroleum coke
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Fig. 2 Detail structure of vertical shaft calciners: (a) Three-dimensional schematic diagram; (b) Schematic diagram of single pot

section; (c) Schematic diagram of XZ plane view and model structure
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Table 3 Properties of petroleum coke

Parameter Value Reference
pltkgm™)  626.0801+1.15877 —0.00026744T> [23-24]
&(-) 0.403x (100d,,)"* [25]

¢,/(kg " K™") 442.4939+1.6788T —0.000409497>  [24]

0.187, T <773 K

Jp/(W-m K™ 5
~2.094+3.03x10°7, T > 773 K

[26]
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Table 4 Grid independency results
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Fig. 3 Comparison between simulation and measurement

results of temperature in flue and center of pot
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Fig. 5 Concentration curves of residual volatile in petroleum coke
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Two-dimensional model for heat and mass transfer on
petroleum coke calcination in vertical shaft calciner

XIAO Jin"%, HUANG Jin-di" % ZHANG Hong-liang"? LI Jie"-?

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. Central South University, National Engineering Laboratory of Efficient Utilization of
Refractory Nonferrous Metal Resources, Changsha 410083, China)

Abstract: The two-dimensional model for temperature field and residual volatile concentration field of petroleum coke
calcination in vertical shaft calciner with 24 pots and 8 flues was developed. The model was mainly comprised of four
parts, such as the model of seepage heat transfer in porous medium, solid phase plug flow model, heterogeneous pyrolysis
reaction kinetics model and equivalent heat flux boundary model. In addition, the model was applied to research the heat
and mass transfer process of petroleum coke pyrolysis. The results show that the volatile pyrolysis reaction mainly takes
place in the pot at the heights of layers 2, 3, 4 and 5. A partial high-temperature zone with length of about 2.0 m (7>
1423 K) is formed at the heights of layers 6, 7 and 8, which will further promote green coke polymerization and achieve
carbon structure rearrangement. The model is validated based on measurement data, which can provide a theoretical basis
for temperature automatic regulation of petroleum coke calcination in vertical shaft calciner.

Key words: vertical shaft calciner; temperature field; two-dimensional; high-temperature zone
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