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anctors 1. Microstructure analysis of the sample

‘" 1. H2-DRI compacted into H2-HCI
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3. H2-HCI hot-charged into the ESF
(Electric Smelting Furnace)
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Green Hydrogen (a) Oxide scale formed on the surface of H2-HCI and
Fig 1. POSCO HyREX process (b) different types of particles inside H2-HCI
The average thickness of the oxide scale formed on the surface of the H2-HCI sample was 600
The HYREX process comprises the fluidized bed reactor and the electric smelting furnace (ESF). um. Other than the oxide scale (FeO,), there were many different phases such as metallic Fe,
When fine iron ore particles are reduced by hydrogen gas in the reactor, they are compacted into fayalite (Fe,SiO,), and SiO..
the hot compacted iron (H2-HCI). Estimating the H2-HCI temperature before hot-charging helps
design optimal facilities for better energy efficiency. However, it can be oxidized before hot- 2. Physical properties of H2-HCI samples
charging of the H2-HCI into ESF. It should be noted that the temperature of the H2-HCI can be
affected by the morphology and thickness of the oxide scale. There have been several previous The properties of the H2-HCI with and without the oxide scale are shown in Table 2.
research on the measurement of the oxide scale formed on steel products(V~©). However, the
measured values were all different and few research has been conducted on the measurements Table 2. The properties of unoxidized H2-HCI and partially oxidized H2-HCI at 973 K
of the thermal properties of DRI. According to Gottfert, the thermal conductivity of H-DRI ranges Property Value Property Value
from 1.2~3.6 W/mK and that of H-HBI 13~27 W/mK®. thermal properties are affected by the - :
presence of gangue materials or porosity of the samples. Co 1l 946 J/kgK Cp oxide” 725 J/kgK
Pucl 5433 kg/m3 Poxide! " 7750 kg/m3 I d_.,
> In this work, the thermal conductivity of the oxide scale of the H2-HCI manufactured by dic” 2 458 mm dyige” 0.6 mm
HyREX process was investigated using the light flash analysis method.
JESAR 2 2 el y Dot 1212mm2/s Dy 3.42 X 107 m?/s

* The properties of unoxidized and partially oxidized H2-HCI are denoted by the subscript as ‘HCI’ and ‘oxide’

9 METHODS o DISCUSSION

1. Sample preparation

The thermal diffusivity of the oxide scale can be calculated by following equation.
Table 1. The composition of H2-HCI (wt%)

T.Fe M.Fe FeO Sio, Ca0 Al,O; MgO

;.' . oo d? d? ..
' £ 2 | (FHCI + 3Foxide) * (ng) T (Foxide + 3FHCI) * (DOO’;;ZZ)
931 840 544 428 0026 242 0.078
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Fig 3. H2-HCI sample A=— '=Cpx+pxd
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Hydrogen-reduced iron ore fines (particle size less than 5 mm) were compacted at 923 K with Aoxide = Cpoxide * Poxide * Doxide
a pressure of 100 kg/cm? for 10 s. The samples were cut into 10 X 10 X 2.5 mm?3 and oxidized o o .
in 923 K for 15 min in air. The samples were polished to remove the oxide scale in the lower The thermal diffusivity and. thermal conductivity of the H2-HCl were 1.21 X 10 m*/s anc7| 6'223
part of the H2-HCI samples. The thickness of the oxide scale was measured by SEM. W/mK, and those of the oxide scale on the surface of the H2-HCI sample were 3.42 X 10-7 m?/s
and 1.92 W/mK.
. 30% Fe304-
2. Light flash measurements (LFA) H2-HCI Oxide scale 70% Feo  T¢0 Fei,0  H-DRI  H-HBI
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F,aﬁmp Fig 5. Schematic diagram of temperature
Fig 4. Schematic diagram of LFA change by LFA > The thermal diffusivity and conductivity of the H2-HCI was 1.21 X 10 m2/s and 6.23 W/mK which
The front surface is heated by a light pulse, and the resulting temperature change at the back was larger than that of H-DRI® but smaller than that of H-HBI“.

surface is recorded by a thermometer. The temperature rise curve provides the value of the

» The thermal conductivity of the oxide scale was 1.92 W/mK, which was 49% smaller than that of
apparent heat diffusion time. The time when the temperature rises to the maximum is T, which

is converted to apparent thermal diffusivity, D. the 30% Fe;0,-70% FeO scale'”.
» Larger thermal conductivity of H2-HCI means faster cooling while transported, but it is also
3. Microstructure analysis (SEM'EDX) possible to enhance heating properties after hot-charging in the ESF.

» Future works will be done on the simulation of the temperature change of the HCI on transportation.

SEM analysis of the H2-HCI samples was conducted for the observation of the H2-HCI sample,
oxide scale thickness measurement, and chemical analysis by Energy Dispersive X-ray

Spectroscopy (EDS). REFERENCES
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