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Experimental study on air-quenching granulation of high-temperature copper
slag and numerical simulation of cooling and solidification process of
copper slag droplet

DAI Pengfei"*, ZHANG Bin", LI Xianjun', YIN Yiming', WU Yikang', LI Mingzhou'
(1. School of Metallurgyical Engineering , Jiangxi University of Science and Technology , Ganzhou 341000, Jiangxi, China;
2. School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: In order to explore the feasibility of air-quenching high-temperature copper slag and investigate the
influence of liquid viscosity on granulation, an experimental device was built to compare the granulation
effectiveness of water, machine oil and liquid wax. The results show that the shape of liquid drops is closer to the
sphere, and size distribution is more uniform with increasing liquid viscosity. Solidified wax granular has a narrow
size distribution, which is beneficial for secondary the recovery of waste heat. Simulation of cooling and
solidification of a single high-temperature copper slag droplet was carried out by using fluid volume function
models (VOF), solidification melting model and radiation model (DO). The results indicate that the copper slag
droplet with a diameter of 2 mm and temperature of 1 355 K can form a shell quickly and solidify completely after
1.62 s when cooled by air at room temperature of 300 K. The cooling rate at the windward side of the droplet is

higher than the leeward side during the cooling process, which will result in uneven solidification. High-velocity
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airflow has a stronger cooling ability, which can lead to a faster solidification rate of the droplet. Heat transfer

efficiency will be higher, and solidification time will be shortened with a decrease in initial droplet size.

Keywords: copper slag; air-quenching granulation; numerical simulation; waste heat recovery; solidification and

melting
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Fig.1 Heat recovery device of air—quenching steel slag"*
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Fig.2 Experimental device of air—quenching granulation and experimental principle
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Table 1 Physical properties of experimental fluid

SH g/ R/
TR (kg/m*) (kg/m/s)
B K 1.00x10° 0.000 89
Bl 0.91x10° 0.008 60
Pay 0.86x10° 0.003 30
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Fig.3 Shape of fluid stream
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Fig.4 Results of water granulation through air—-quenching
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Fig.5 Results of engine oil granulation through air—quenching
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Fig.6 Results of liquid wax granulation through air—quenching
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Table 2 Physical properties of copper slag and air

28 HfH
i) R /K 1355
Bl R/ (Pars) 0.5
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23 SRR /K 300
73 B/ (kg/m) 1.225
2R AE/(T/kg/K) 1006.43
2 RAER (W/m/K) 0.024 2
2R/ (Pass) 1.789 4x10°°

fifi F1 ANSYS2020 ' [ Geometry 5% 3 # 37 R
PO 3 mmx6 mm [ 4 il 6T FR LA AR AR W
2k 2 mmeo XTSI AT AR S 43, 23 AU I X
BCR AR S , A& RS 240,05 mm i 1 Vi 1XC
B4 0.02 mm B [ A% A% ELELCh 11 507, 4n 4] 8
FIi7R o

e WN B2 &= Wb 9 DN R EU R S C e |
R R ) B AR A S SR
A STV R R RE TH I AR A A B E R
BETT 55 o B R R IR N 1355 K, 25K
(AT LA L3 A 300 K, 90 4y B 20 (%) Gk B A7 RN 43 A
WE 9 FA 10 B .



% 155 %58

BME &, 5 3 B4R A i s 5 T BT T B AR i R 8 Ak 2L 2 0 B AA AR L 655

T

0 2(mm).

B8 HEXEMIE

Fig.8 Mesh of computational domain
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Fig.9 Initial state of temperature distribution
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Fig.10 Initial state of phase diagram
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E12 ARHZEERENBIIEAEZESHEESTH=E:(a)0.055;(b)0.2s;
(e)0.5s;(d)1.0s;(e)1.5s;(f)1.62s
Fig.12 Cloud map of temperature distribution inside and around copper slag droplets at different times:
(a)0.055s;(b)0.2s;(c)0.5s;(d)1.0s;(e)1.5s;(f)1.62s
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Fig.13 Temperature variation on outer surface and center

of copper slag droplet at different times
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Fig.14 Phase distribution of slag drop at different times:(a)0.05s;(b)0.2s;(¢)0.5s;(d)1.0s;(e)1.5s;(f)1.62s
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Fig.15 Phase distribution of copper slag drop under different air flow rate at 1 s:(a)5 m/s; (b)10 m/s; (¢) 15 m/s
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Fig.16 Solid fraction variation of copper slag droplet at different times
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Fig.17 Phase distribution of copper slag drop under different initial size at 1s:

(a)d=1 mm;(b)d=2 mm; (c)d=3 mm
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Fig.18 Solid fraction variation of copper slag drop under

different initial size
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