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Abstract: The waste heat reutilization system of calcined petroleum coke (CPC), installed in the tank calcined furnace, 

was built. The waste heat reutilization exchanger, included outer heat exchanger and inner heat exchanger, was designed. 

The axial fins be equipped with heat exchanger tube. The reutilization ratio of waste heat and temperature distribution of 

CPC were studied. The results showed that the waste heat of CPC is utilized by waste heat reutilization exchanger. The 

average reutilization ratio of waste heat is 78.9%. Temperature of CPC decrease from heat exchanger inlet to outlet. In the 

horizontal plane, the maximum temperature point is the middle of space between inner heat exchanger and outer heat ex-

changer. In the heat exchanger outlet, the temperature of CPC is low. The nonuniformity coefficient value of temperature 

is 0.0757. The uniformity degree of temperature is better. The oxidation combustion reaction could be prevented.  
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1. INTRODUCTION 

CPC is one of the important basic raw materials. It is 
widely used in producing anode of aluminum electrolytic, 
graphite electrode, recarburizer, industrial silicon and other 
carbon products. The China's production capacity of CPC is 
largest in the world, above 70% of which is produced in tank 
calcined furnaces. The high temperature flue gas waste heat 
and high temperature CPC waste heat could be utilized in 
calcination process of petroleum coke. The reutilization 
technology of the high temperature flue gas waste heat has 
been used widely [1-3]. When CPC discharged from tank 
calcined furnaces, the temperature is 1000 ºC. The waste 
heat of it has high potential to be utilized. 

Waste heat reutilization of the solid material had been 
studied in some field. The waste heat of the high temperature 
steel slag be utilized by rotary cylinder atomizing method 
and air nozzle method [4, 5]. Liu [6] studied heat transfer 
characteristics of apparatus for recycling the waste heat of 
blast furnace slag. The factors, which influence the heat 
transfer coefficient, the cooling rate of slag particle around 
the first row of tubes and the heat recovery, are slag particle 
diameter, slag particle speed, the arrangement of tubes, the 
Reynolds number of water and the flow patterns of water. 
Yang [7] studied the coupling characteristics of granular 
medium flow and heat transfer parameters. Different charac-
ter particles were tested and analyzed, including compound 
fertilizer of three particle sizes, zeolite of two particle sizes 
and aluminum fluoride. Di [8] introduced microscopic mod-
els of the fluid-particle, particle-particle, fluid-surface and 
particle-surface heat transfer using DEM-CFD hydrody-
namic code. Takouch [9] studied flow visualization of flow-
ing particles around a tube of various types of tube 
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arrangements in a moving bed using X-ray video films to 
obtain a relation between particles behavior and local heat-
transfer coefficients. Wu [10] simulated heat transfer be-
tween particles and inserted heating surface by the model 
combined with discrete element methods (DEM). 

The investigations on the reutilization technology of CPC 
waste heat are lacked. In this paper, waste heat reutilization 

of CPC were studied by the waste heat reutilization system. 

2. EXPERIMENTS 

The waste heat reutilization system of CPC was built in 

Weifang Lianxing New Material Technology Co. Ltd.  

(Fig. 1). The waste heat reutilization experiments were car-
ried out. The system is composed of waste heat reutilization 

exchanger, CPC supply system, water circulation system and 

measurement system. 

(1) Waste heat reutilization exchanger: The heat exchanger 

includes outer heat exchanger and inner heat exchanger. 

The axial fin be equipped with heat exchanger tube. Its 
structure be shown in Fig. (2). 

(2) CPC supply system: The system is installed in the tank 
calcined furnace. The high temperature CPC is directly 

supplied from tank calcined furnace. 

(3) Water circulation system: This system is composed of 
cooling pond, pumps, valves, sight glass, drum and so on. 

There is a FLUXUS F601 ultrasonic flowmeter in the 

heat exchanger inlet, which is used for measuring the  
water flow. Its measuring accuracy is ±0.5%. Its repeat-

ability is 0.15%. Its measuring velocity range is from  

0.01 m/s to 25 m/s. There is a WSM-D two-phases 
flowmeter in the heat exchanger outlet, which is used for 

measuring steam dryness and flow. 

(4) Measurement system: This system is composed of tem-
perature sensor, pressure sensor and data acquisition
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Fig. (1). Schematic of waste heat reutilization system (1. cooling pond; 2. data acquisition system; 3. drum; 4. pressure sensor; 5. two-phases 

flowmeter; 6. valve; 7. sight glass; 8. fin-and-tube waste heat exchanger; 9. temperature sensor; 10. flowmeter; 11. pump). 

 

 

Fig. (2). Schematic of waste heat reutilization exchanger (1. outer heat exchanger; 2. inner heat exchanger; 3. fin). 

 

 instrument. Temperature sensor is used for measuring the 
temperature of CPC in heat exchanger, the temperature of 

water in the heat exchanger inlet, the temperature of 

steam in the heat exchanger outlet and so on. Pressure 
sensor is used for measuring the steam pressure and the 

water pressure. The data acquisition instrument is used 

for recording data. The temperature measuring points of 
CPC in heat exchanger be shown in Fig. (3). 

The reutilization ratio of waste heat is calculated by the 
equation (1): 

=
q
1
(h
out

h
in
)

c q
2
T

100%               (1) 

Where  is reutilization ratio of waste heat, %; q1 is water 
flow, kg·h

-1
; hout is enthalpy value of heat transfer medium in 

the heat exchanger outlet, kJ·kg
 -1

; hin is enthalpy value of 
water in the heat exchanger inlet, kJ·kg

 -1
; c is specific heat 

capacity, kJ·kg 
-1

·ºC
-1

; q2 is CPC flow, kg·h
-1

; T is tempera-
ture of CPC when it gets into the heat exchanger, ºC. 

The nonuniformity coefficient of temperature is calcu-
lated by the equation (2): 

=
T
max

T
ave

             (2) 

Where  is nonuniformity coefficient of temperature; Tave 
is average temperature value of CPC in the horizontal plane, 
ºC; Tmax is maximum temperature difference value of CPC 
in the horizontal plane, ºC. 

3. RESULTS AND DISCUSSIONS 

The temperature rules of CPC in the inlet and outlet of 
the waste heat reutilization exchanger during 24 hours are 
shown in Fig. (4). The temperature fluctuation of CPC in the 
heat exchanger inlet be influenced by calcined furnace
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Fig. (3). The temperature measuring points of CPC in waste heat exchanger. 

 

 

Fig. (4). The temperature rules of CPC which in the inlet and outlet 

of the waste heat exchanger. 

 

Fig. (5). The steam producing rate of waste heat exchanger and 

reutilization ratio of waste heat. 

 

operation fluctuation. But the temperature fluctuation range 
is small. The average temperature of CPC is 958 ºC in the 
heat exchanger inlet. In the heat exchanger outlet, the tem-
perature of CPC is low. The temperature fluctuation range of 
CPC is small. The average temperature of CPC is only  
181 ºC. 

The steam producing rate of waste heat reutilization ex-
changer and reutilization ratio of waste heat during 24 hours 
are shown in Fig. (5). They are stable, and the fluctuation 
range is small. The steam phase is saturated steam, where 
saturation pressure is 1.0MPa. The average steam producing 
rate of waste heat exchanger is 75.6 kg/h. The average 
reutilization ratio of waste heat is 78.9%. 

The temperature distributions of CPC in heat exchanger 
are shown in Fig. (6). Temperature of CPC decreases from 
heat exchanger inlet to outlet. In the horizontal plane, the 
maximum temperature point is the middle of space between 
inner heat exchanger and outer heat exchanger. Tempera-
tures on both sides of CPC decrease gradually. In the first 
horizontal plane, the maximum temperature is 863 ºC, but 
the minimum temperature is 405 ºC. The temperature differ-
ence is 458 ºC. The nonuniformity coefficient value of tem-
perature is 0.411. The uniformity degree of temperature is 
low. The reason is that the heat conductivity coefficient of 

CPC is small, which leads to the great temperature gradient. 
With CPC moves to the heat exchanger outlet, The nonuni-
formity coefficient of temperature increase gradually. In the 
fifth horizontal plane, the maximal temperature is 249 ºC, 
but the minimum temperature is 215 ºC. The temperature 
difference is 34 ºC. The nonuniformity coefficient value of 
temperature is 0.0757. The uniformity degree of temperature 
is better than that of the first horizontal plane. 

 

 

Fig. (6). The temperature distributions of CPC in heat exchanger. 
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To sum up, the waste heat of CPC is utilized by waste 
heat reutilization exchanger. The saturated steam is gained. 
In the heat exchanger outlet, the temperature of CPC is low. 
The uniformity degree of temperature is better. The oxida-
tion combustion reaction could be prevented. 

CONCLUSION 

The waste heat of CPC is utilized by waste heat 
reutilization exchanger. The average steam producing rate of 
waste heat exchanger is 75.6 kg/h. The average reutilization 
ratio of waste heat is 78.9 %. Temperature of CPC decreases 
from heat exchanger inlet to outlet. In the horizontal plane, 
the maximal temperature point is the middle of space be-
tween inner heat exchanger and outer heat exchanger. Tem-
peratures on both sides of CPC decrease gradually. In the 
heat exchanger outlet, the temperature of CPC is low. The 
uniformity degree of temperature is better. The oxidation 
combustion reaction could be prevented.  
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