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ESF. Source: Metso Outptec
An Electric Smelting Furnace is designed to produce molten iron from direct reduced iron (DRI) or iron ore fines, often using hydrogen as a reducing agent.
A description from my reading, noting that I have no real understanding of what is involved is:
How an Electric Smelting Furnace Works
An Electric Smelting Furnace (ESF) is a high-temperature furnace used to melt Direct Reduced Iron (DRI) or iron ore to produce molten iron. Unlike traditional blast furnaces, ESFs do not require coke and can operate using renewable electricity, making them an important technology for low-emission or “green” iron production.
Step 1: Feed Preparation
The main input is Direct Reduced Iron (DRI), which is iron ore that has already had most of its oxygen removed. The DRI may be either cold (stored and transported) or hot (fed directly from a reduction unit to save energy).
Step 2: Charging the Furnace
The DRI is introduced into the furnace from the top or side. Sometimes, additional materials called fluxes (such as lime or dolomite) are added to help bind with and remove impurities during the smelting process.
Step 3: Electric Heating
Large graphite electrodes are lowered into the furnace, and a powerful electric current is passed through them. This generates intense heat, either through electric arcs or resistive heating, which melts the DRI inside the furnace.
Step 4: Melting and Reduction
As the furnace heats, the DRI melts into liquid iron. Any remaining iron oxide is further reduced—converted to pure iron—sometimes with help from carbon or residual gases in the furnace.
Step 5: Slag Formation
Impurities in the iron combine with the added fluxes to form a separate liquid layer called slag. This slag floats on top of the molten iron and is later removed or tapped off for disposal or reuse.
Step 6: Tapping the Molten Iron
Once the iron is fully melted, the furnace is tapped—usually through a hole near the base—and the molten iron flows into ladles or molds. It may be sent to another furnace, such as an Electric Arc Furnace (EAF), for further refinement into steel.
Step 7: Gas Handling**
The smelting process produces gases like carbon monoxide and carbon dioxide. These are captured and treated in exhaust systems. In some cases, the heat or energy in these gases is recovered and reused in the plant.
There are very few operating at scale globally
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DRI Smelting Furnace process

Metso Outotec rectangular DRI Smelting Furnace can meet high capacity and availability demands

of blast furnaces. Rectangular six in line furnace can produce more than 1.25 Mt/y of hot metal,

while Metso Outotec circular AC smelting furnaces are limited. Several DRI Smelting Furnaces can be

combined using joint facilities and utility areas. —_

For blast furnace grade iron ores, the combination of DRI Smelting Furnace with a direct reduction

plant for hot metal production is the future process. Main area of application for this combination is ~ ' High volume, long maintenance
the usage of blast furnace grade iron ore in electrical steel making route. Another application is the * ' infervals and high availability of
hot beneficiation of blast furnace grade iron ore to premium steel granules or ingots.

the DRI Smelting Furnace enables
"on demand" type of service to
downstream processes.

Produced metal is tapped to ladles or
to torpedo car or it can be solidified

DRI, fluxes and reductants are fed into furnace, hot depending on client requirements.

DRI is preferred to reduce energy demand.

Electric energy is used to finalize reduction of iron

Generated slag can also be failored to
oxides and to melt raw materials.

suit client requirements.

Chemical reactions in the furnace are generating
carbon monoxide gas which can be used to
substitute heat used in other processes.





