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Table 1 Kinetic parameters of pyrolysis precipitation volatile

Pre-exponential Activation energy,

Component factor, 4,/s”! EX J-molfl) Reference
H, 3.164X10? 1.085 % 10° [18]
CH,, N, 2.790X 10" 7.240% 10* [18]
Cco 3.260%X 10" 7.870X 10 [18]
H,0 1.1 5.030x 10* [18]
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Fig. 1 Schematic diagrams of vertical shaft calciner: (a) 3D schematic diagram; (b) 2D front view of flue and pot
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Table 2 Geometry parameters of vertical shaft calciner
. . Thick ffl Height of wat
Pot size, LX WX H Flue size, LX WX H Lexness of fue Flue Qty (-) c1em ot water
diaphragm/m jacket/m
1.660 mX0.360 mX6.827m  3.996 m<0.215 mX0.479 m 0.065 8 2.400
F= 3 WEEMORL AR B R VS
Table 3 Physical property parameters of furnace wall material and petroleum coke
Material Density, p/(kgm )  Specific heat, cy/(J kg K Thermal conductivity, A/(W-m “K')  Reference
Red brick 1560 876 0.47+4.7X107*T [6]
Refractory brick 1950 880+0.23T 0.8+5.8X 107*T [6]
Silica brick 1925 1093 1.0549.3X 107*T [6]
High aluminum brick 600 837.4+0.2345T 0.239+3.5X107'T [6]
626.08+1.1587T 442.4939+1.6788T 0.187 T<773K
Petroleum coke [9, 17]

—2.6744X 1074

—4.0949 X 107472

-2.094+3.03X 10T T>773K

ARG EAR R Rl TR 4.
TARHE N, ERAHEE. RN, it
N6 FFNCERAFRAL, 5. AEN
IR 23 B8 4004 300 K, HHAH 11K 1 h—130
Pa; BT AT EEHERMHE Y 85 kg/hy AEAET IR
SO 1% EREK S 10%. AR R 1.3,

F4 BT A AR A R

Table 4 Petroleum coke composition used in model

Coke component M.a 58 Volatile M_a .
fraction/% content  fraction/%

Moisture 10.0 H, 16.74

Volatile matter 11.0 CH, 50.36

Fixed carbon and ash 79.0 CcO 11.12

N, 21.74
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Fig. 3 Temperature contours of XZ section in center pot under
different discharging rates per pot: (a) 75 kg/h; (b) 85 kg/h; (¢)
95 kg/h; (d) 105 kg/h; (e) 115 kg/h
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Fig. 4 Temperature curves of flue and center pot under

different discharging rates per pot
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Fig. 6 Temperature curves of flue and center pot under

different volatile contents
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Fig. 7 Temperature contours of XZ section in center pot under
different excess air coefficients: (a) 1.05; (b) 1.15; (c) 1.30;
(d) 1.45; (e) 1.60
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Fig. 8 Temperature curves of flue and center pot under

different excess air coefficients
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Simulation of migration of high temperature zone of
petroleum coke layer in vertical shaft calciner

LI Jing', HUANG Jin-di"2, XIAO Jin', LI Ming-zhou'*

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Energy and Mechanical Engineering, Jiangxi University of Science and Technology,
Nanchang 330013, China;
3. School of Metallurgical and Chemical Engineering, Jiangxi University of Science and Technology,

Ganzhou 341000, China)

Abstract: In view of the problems of heat and mass transfer of high temperature gas seepage in the material layer of
vertical shaft calciner, a three-dimensional mathematical model of petroleum coke calcination process in vertical shaft
calciner was established in combination with porous media gas-solid coupling effect. In this model, a two-fluid model
was used to describe the calcined pyrolysis process of petroleum coke. The finite rate/eddy-dissipation combustion model
combined with standard turbulence equations and a discrete ordinates (DO) radiation model were used to describe the
volatile combustion in flue and heat transfer process, respectively. The model was used to study the migration patterns of
high temperature zone in pot. The results show that the high temperature zone (>1373 K) moves down from L6 to
disappearance and its length gradually reduces from 2.0 m to 0 m when the discharging rate per pot increases from 75
kg/h to 115 kg/h under the given condition, the high temperature zone moves up from L8 to L6 and its length gradually
increases from 0 to 3.02 m when the volatile content in green coke increases from 7% to 15% under the given condition,
and the high temperature zone moves down from LS5 to disappearance and its length gradually reduces from 3.02 m to
0 m when the excess air coefficient increases from 1.05 to 1.60 under the given condition.

Key words: vertical shaft calciner; high temperature zone; migration; numerical simulation
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