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Service Environment Simulation and Design of Refractory for Hydrogen-Based Shaft Furnace

YU Guohan?, CUI Jingwen?, ZHAO Fei?, XU Enxia?, HE Zhijun®, WANG Enhui’, HOU Xinmei*
(1. Innovation Research Ingtitute for Carbon Neutrality, University of Science and Technology Beijing, Beijing 100083, China;
2. School of Material Science and Engineering, Zhengzhou University, Zhengzhou 450002, China; 3. School of Materials and
Metallurgy, University of Science and Technology Liaoning, Anshan 114051, Liaoning, China)

Abstract: With the development of hydrogen metallurgy and hydrogen-based shaft furnace, the corresponding refractories for critical
parts have higher requirements. Understanding the service environment characteristic and implementing targeted design for the
performance are thus particularly important for refractories. In this paper, the temperature, pressure and gas phase concentration
distribution for interior and wall surface in reduction domain of hydrogen-based shaft furnace were simulated by a software named Ansys.
Also, the thermodynamic stability of typical components of traditiona refractory during the process was calculated by FactSage. The
results show that the high-temperature and high-pressure service area is concentrated near the gas inlet, while H,O is concentrated in the
top and bottom areas of the furnace. Increasing the temperature of inlet gas has a certain effect on the temperature field, but has little
effect on the pressure field and gas phase composition. Among the typica components of conventiona refractory, Al,Os, ZrO,,
magnesium aluminum spinel, calcium-hexaluminate and TiO, exhibit a thermodynamic stability, which can be used as potential
refractory components of furnace walls. AIN or TiC can be used as additive materials to improve the relevant properties of these
refractories. In addition, some impurity components as SiO,, MgO, Ca0, Cr,03, Fe;,0s, SIC, SisNy4, B4,C and BN can be eliminated. This
study can provide a theoretica basis and methodological support for the service environment simulation and material component
selection of refractory for a hydrogen-based shaft furnace.
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Table 1 Reduction domain parameters of hydrogen-based

shaft furnace
Classification Parameters
Reducing gas inlet temperature t,=1173K. t;=1573K
Iron pellet inlet temperature 300K

Reducing gas composition 55%H,. 5%H,0. 40%N,

(Mole fraction)

Reducing gasinlet speed 15m/s
Porosity of iron pellet 0.35
Viscous resistance coefficient 1.52x10°m
Inertia resistance coefficient 1.6963x10° m™
Gas pressure at the top 0.3MPa
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Table 3 Potential reactions between typical components

and H,O
No. Reaction equation Gibbs free energy
1 Al,0,+3H,0=2AI(0H), AG>0
2 S0, +2H,0=Si(OH),
3 MgO+H,0=Mg(CH),
4 Ca0+H,0=Ca(OH),
6 Cr,0,+3H,0=2Cr(OH), AG>0
7 Zr0,+2H,0=Zr(0H), AG>0
8 MA+4H,0=Mg(OH), +2AI(OH); AG >0
9 CA4+19H,0=Ca(OH),+12AI(OH), AG>0
10 TiO,+2H,0=Ti(CH), AG>0
1 Fe,0,+3H,0=2F¢(0H), AG>0
12 SiC+3H,0=Si0,+3H, + CO
13 Si;N, +6H,0=3Si0, +4NH,
14 B,C+6H,0=2B,0,+CH,+4H,
15 BN+3/2H,0=1/2B,0,+NH,
16 AIN+3/2H,0=1/2A1,0,+NH,
17 TiC+4H,0=Ti (OH), +CH,
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Fig. 7 AG-T reationship for the reaction of typical components
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Table 4  Service parameters of critical points on the wall

Mole fraction/%

Critical points h/m T/IK p/kPa
H,O H, [\

M 4559 157436 51752 379 5581 4040
N 3571 131648 60343 588 5441 39.71
(0] 0 98145 551.36 5547 21.34 23.19
P 13485 709.30 30083 2494 4170 33.36

h — High; T — Temperature; p — Pressure.
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Table 5 Material quality loss rate of critical points

Quality loss rate/%

NO. Components

M N O P

1 Al,O3 0.031

2 SO, 37.715 0.006

3 MgO 32.428 0.424 0.001

4 Cao 68.316 2.001 0.005 100
5 Cry05 100 0.72

6 Zro;

7 MA 1.903 0.03

8 CA¢ 3.037 0.062

9 TiO; 0.005 0.001
10 Fe,03 96.8614 95.8366 55.201 0.005
11 SiC 100 100 100 100
12 SizNyg 100 100 100 100
13 B4,C 100 100 100 100
14 BN 100 100 100 100
15 AIN 100 100 100 100
16 TiC 100 100 100 100
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