HBI – The Ideal Merchant Steelmaking Metallic

(Based on the Direct Reduction Fundamentals and Applications – Short Course presented by Roy Whipp, President of Whipp Technology, Inc., and an HBIA Special Member) 

Steelmaking in electric arc furnaces (EAFs) began with lower quality steel products due to the residuals contained in scrap. Over the last 20 years, there have been significant improvements in EAF operation, with higher quality steel being produced with lower residual contents.

The use of the products of direct reduction – DRI pellets and lump and highly dense, compacted HBI – allows EAF steelmakers to produce higher quality steel by diluting metallic residuals contained in steel scrap.

Scrap varies in composition because its physical and chemical characteristics depend on the source of the scrap. DRI has a much more constant physical and chemical composition and extremely low levels of copper, nickel, chrome, molybdenum, tin, lead, and vanadium (i.e., residuals).

HBI has a higher density than scrap and will fill in open areas in the scrap buckets. As a result, the number of scrap bucket charges often can be reduced, which boosts steel production by improving tap-to-tap time and increasing power-on time.

CO2 emissions from blast furnaces are reduced when HBI is used as feed to the furnace. The importance of reducing CO2 emissions in steelmaking has become very important in Europe and has begun to be noticed in the United States. In Europe, the production capacity of some steel mills will have to be curtailed to reduce the CO2 emission. By using HBI in the charge, the furnace capacity can be maintained as CO2 emissions are reduced.

Another benefit of using HBI in iron making applications is that the blast furnace production rate can be increased over the present capacity limit. The HBI essentially is reduced to pure iron (Fe); therefore, less energy is required for reduction than when working with iron ore, which reduces coke requirement per ton of BF hot metal.

DRI/HBI Compared to Scrap

What are the differences between DRI/HBI and scrap?

DRI and HBI are manufactured in plants specifically for use as a steelmaking charge material. Scrap comes from steel that has been formed and treated for use in the fabrication of finished goods. Therefore, scrap chemistry is dictated by the original use of the steel. The chemical composition of DRI and HBI is well defined and consistent. Scrap quality will vary, depending on the source, shipment, or supplier.

DRI/HBI feed has a predictable and predetermined effect on the melting process during steelmaking. Scrap is more difficult to analyze.

Experience has shown that DRI and HBI shipments can be arranged months in advance to guarantee its arrival at the steel mill. Scrap supply typically is more unstable and is affected by a number of market and usage conditions.

The price of DRI and HBI is more stable and less volatile than scrap. Long-term delivery contracts can be negotiated and established. Scrap prices are sold on a spot basis and can vary monthly, depending on supply and demand.

Finally, DRI and HBI have only trace amounts of residuals that do not vary, whereas scrap, by its nature, has a much wider range of undesirable metallic inclusions.

HBI Compared to DRI Pellets and Lump

The 2007 data on worldwide shipments of direct reduced iron products published by Midrex show that 17.06 million tonnes of HBI and DRI were shipped as compared to 14.56 million tonnes in 2006. Of the total shipments, 8.19 million tonnes were by water and 8.87 were by land.

HBI enjoys a number of advantages over DRI. It is safer to handle when shipping because there is less reoxidation and heating in storage. HBI, as a bulk cargo, has been determined to be safer to ship than DRI, which requires additional cautionary steps when shipped over saltwater.

There is less reoxidation of HBI in transit and in storage piles, which requires less reduction in the steelmaking furnace and less energy consumption. This increases the furnace production rate and reduces production cost when compared to DRI.
In the steel mill, HBI will not leak out of charging buckets like the DRI pellets and lump, which create mill floor hazards for the workers.

When mixing HBI or DRI with scrap in the charge buckets, it has been found that the insertion into the scrap of HBI is more effective, and the HBI increases the overall density of the scrap charge.

The greater bulk density of an HBI/scrap charge better penetrates the slag in the EAF, thus improving contact between the charge and the hot steel. These results in higher efficiency than what can be obtained with scrap alone or with the addition of pellet or lump DRI to the scrap charge.

Operation with a very high percentage of HBI in the EAF (85%) has been commonly used in the CASIMA steel mill in Venezuela with no operating problems. An HBI charging system to the EAF is used to allow charging while melting is in process.

Shipping and Handling DR Products

The major considerations in handling and shipping direct reduced iron products are to:

•  Prevent rapid oxidation of the material, which could cause overheating. This has 
   occurred in storage piles, as well as in ships transporting the material.

•  Prevent excessive metallization loss as a result of exposure to humidity in storage 
   piles. Longer term storage causes more metallization loss in outdoor piles. Breakage 
   of HBI also increases the metallization loss in storage.

• Avoid generating fines resulting from repeated handling and poor storage pile 
   management. The fines increase weight loss rate, which makes the penetration of slag 
   more difficult, and the material loses metallization.

The differences in the physical qualities of the various DR products affect the manner in which they are handled:

• HBI - Most resistant to handling. Withstands outdoor storage in piles.

• DRI - Less resistant to handling. Outdoor storage in piles will result in more 
   metallization loss.

• Cold Molded Briquettes - These are formed from reduced fines. They have low 
  resistance to breakage and lower metallization; therefore, they are used locally and 
  are not shipped.

Oxidation and Overheating

Oxidation of metallic iron in DR products normally is slow and forms a thin protective layer that inhibits further corrosion. This typically occurs at the production plant and is referred to as natural aging. Insufficient heat is generated during natural aging to cause overheating.

DRI has potential for oxidation and overheating due to:

• Large surface area due to its porous nature which provides reaction area for contact 
  with air.

• Poor heat conductivity between pellets caused by small contact areas, which allow heat generated by oxidation to remain trapped in the pile.

HBI is less subject to overheating than DRI because there is less area for reaction and heat transfer out of the pile is better due to higher thermal conductivity.

The reactions that occur when reduced iron products are stored are different depending on whether air or water is present. With air, only iron oxide is formed. With material completely covered by water, hydrogen also will be generated, which poses a safety concern.

• With air only

- 3 Fe + 2 O2 = Fe3O4 + heat

- 2 Fe + 1.5 O2 = Fe2O3 + heat

• With air and water

- 2 Fe + 2 H2O + O2 = 2 Fe(OH)2

- 2 Fe(OH)2 + H2O + 0.5 O2 = 2 Fe (OH)3

• With water only

- 3 Fe + 4 H2O + heat = Fe3O4 + 4 H2

Signs of Overheating

• Steaming storage piles is not necessarily a sign of overheating. After being wetted by rain, piles will release excess water by heating slightly to around 50-60° C. Plumes of steam will be seen above the piles.

• Overheating can be noted by measuring temperatures at the peak of the pile. Temperatures in excess of 100° C indicate that the material is overheating.

• No flame will be present. With very high temperature the direct reduced iron will change to a yellow or orange color with no flames.

Procedures to Handle Overheated DR Products

• Remove material from pile with a front end loader or from a ship with a clamshell. Spread material in layers about 2 feet thick to allow it to cool down. Once cooled, the material can be returned to piles. Use caution when operating front end loader or other vehicles on the pile due to higher temperature.

• Bury pile under sand or crushed slag or other fine, inert material to cut off oxygen supply. This should not be done initially due to contamination of the material. Spreading out the pile should lower temperature.

• When the other alternatives are not possible, the material can be flooded with water. A light spray should not be used, as it can allow hydrogen to be formed. However, this should be the last step taken.

Metallization Loss of HBI and Fines

• The fines generated in handling reoxidize much faster than DRI or HBI. This is due to the much larger area exposed to air.

• A conservative number is 15% loss for 6.3 mm fraction after exposed storage for one month. For HBI, metallization loss is much lower and generally only affects the outer layer of material.

• FeO content varies with the fines size. The increase of FeO content for -6.3mm HBI fines is 3 times that for -25.4 mm material. The loss for HBI is less.

This graph illustrates the metallization loss experienced by HBI, DRI, and fines. HBI is shown in white.

[Source: Lee, Trotter, and Mazzei – BHPB and Orinoco Iron]
[More information about HBI can be found on the HBI Association Web site -hbia.org].

