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This guide has been prepared on the basis of existingregulations, industry experience and best
practice. This guide does not specifically address the Health & Safety aspects of shipping, handling and
storage of DRI and should not be considered as a replacement for a Material Safety Data Sheet
(MSDS) Persons working with DRI should obtain a MSDS from the Shipper or other concerned party
and follow the applicable safety procedures such as use of personal protective equipment (hardhats,
reflective vests, steeltoed boots and eye/ear protection) at all points f rom production plant to end use
facility.

Readers should note that production and handling of Direct Reduced Iron (DRI) is a processhat has
evolved over the years and will doubtless continue to do so, meaning that the information, precautions
and measures given in this guide may be need to be updated from time to time . Please therefore
check on our website to ensure that you have the most up-to-date version. This is version 1.0.
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Chapter 1- Introduction to Direct Reduced Iron (DRI)

Figure 1: Direct Reduced Iron
Image courtesy of Midrex Technologies

DRI, also known as Sponge Iron, is the product of the direct reduction of iron ore (mainly pellets) or

other iron -bearing materials while in the solid state, i.e. without melting, usi ng oO0reducing ag
carbon monoxide and hydrogen, derived from reformed natural gas, syngas or coal(and in the future,

hydrogen derived from electrolysis). The two principal global technologies for direct reduction of iron

are Midrex and Energiron, both gas-based shaft furnace processes where a descending column of iron

ore is reduced by an ascending column of gas- see Figures 2 and 3. These technologies accounted for

72.4% of global DRI production in 2020. The principal feedstock isiron oxide pellets which are coated

(with a material such as bauxite lime or cement) to inhibit the formation of clusters due to sintering

together of individual pellets (sticking) at higher operating temperatures.
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Figure 2: Flowsheets for Midrex (left) and Energiron ( right ) processes
Diagrams courtesy of Midrex Technologies and Energiron
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Figure 3: Modern direct reduction plants
Images courtesy of Midrex Technologies, Energron

DRI is produced in three basic forms: cold DRI (CDRI), hot DRI (HDRI) and Hot Briquetted Iron (HBI

This guide deals with CDRI . HDRI is used in integrated mini-mi | | s wher e HDR} is tran
housed from t he didireahctd thereledrio ard furmaae. HBllisa fotm of DRI which is
briquetted at hi g°B)andprespirgfoece. The @mpadidh BfDRI into a dense

briquette reduces its porosity and thus the surface area available to oxygen and water, meaning that

HBI has a much lower reactivity and tendency to reoxidise and seltheat, and therefore does not

require the rigorous safety precautions required for safe shipment of DRI

1.1 Reactivity of DRI

It has been observed that there is a relationship between DRI porosity and reactivity. Ore source and
minerology and reduction temperature are the main influencing fac tors, as well as carbon content (in
the form of iron carbide/cementite/Fe ,C) which decreases reactivity.

As its alternate name, sponge iron, suggests, DRI is highly porousOver 50% of the pellet is internal
void. This connected internal porosity results in the material having a very large surface area to weight
ratio. The internal surface area of a DRI pellet can be 2000 times greater than the surface area of the
feedstock pellet. Like all iron and steel metallics, DRI is subject to corrosion andoxidation when
exposed to air and/or water. However, with its high porosity, low density, large surface area and low
thermal conductivity due to the inter stices or voids between the metallic surfaces, DRI has a propensity
to undergo very rapid corrosion an d reoxidation reactions. Many of these reactions are exothermic,
leading to self-heating and eventually self-ignition and fires if not controlled . Corrosion and oxidation
reactions of DRI (especially when exposed to saltwater) can also produce hydrogen, arexplosive gas
which is lighter than air, and carbon monoxide, a highly toxic gas that can also be combustible in high
concentration. Some important reactions that occur are:

1See || MAGs Guide to Shipping, Handling & Storage of Hot Bric
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@ 4Fe + 30 22 (re-oxidation of DRI)

2 2Fe + 3H:0 2z € 3H2 (re-oxidation of DRI)

3) 2Fe + 2H0 + O2 2 F eA (@dfrpsion/rusting of DRI)

(4) 2C+ Oz 2CO (Oxidation/combustion of contained carbon)
(5) Fe3C+ QO 3Fe O + (OKdation of contained iron carbide)

Low temperature reactions involving liquid water are likely to proceed as aqueous galvanic reactions,
which are beyond the scope of this publication . Although reaction (2) with liquid water is endothermic
(heat absorbing), it will be exothermic (heat producing) if the water is in the vapour phase. As many
reactions can occur simultaneously and, as many other reactions of reactive and hot DRI are possible
with water and air, it is possible that reaction (2) occurs with steam after it has been formed by, say, the
evaporation of water caused by the heat generated from reaction (1) and/or reaction (3). In short, both
heat and hydrogen and carbon monoxide can be generated by the rapid reoxidation of DRI, provided
that the conditions are right - the quantum will depend on the amount of reactive DRI present. It is
also important to note that hydrogen can be produced in the absence of air or oxygen, such as in an
inerted hold or silo.

DRI has low thermal conductivity in comparison with other types of iron, due to its greater porosity

and lower bulk density relative to other forms of iron . Depending on the environment as well as
feedstock iron oxide pellet characteristics, the heat generated by reoxidation/rusting inside the DRI pile
can build up and cause ignition of a pile of DRI.

DRI is relatively weak in conparison with iron oxide pellets and many other common bulk materials

and tends to break down during handling to produce dust and fines . Dust and fines are generated in
several ways: (1) on impact (e.g., freefall drops from handling equipment in yards and nto vessel holds,
transfer points on conveyor belts, bins or other hard surfaces; (2) crushing of pellets under load in piles
and when traversed by heavy mobile equipment; ( 3) by abrasion (rubbing against sliding surfaces and
other pellets; (4) general deterioration of pellet strength when held in storage over an extended period
of time. The dust that is produced during handling is initially generated primarily as metallic iron, and

is a combustible metal dust. Accumulations of DRI dust tend to be even more reactive than the bulk
DRI and have a high propensity to selfheat and and cause fires DRI dust that is dispersed in air can
ignite in a flash fire. Ignition of DRI dust within a container, such as a silo, enclosed conveyor, or de
dusting device can lead to a dust explosion potentially causing the rupture, mechanical failure and
collapse of the enclosure. Accumulations of DRI dust within buildings can lead to fires, flash fires or
explosions that can cause significant structural damage to the building and represent a serous risk to
workers in the area. This hazard is separate from the hazard associated with the generation of
hydrogen gas. A dispersed cloud of DRI dust can ignite and/or explode with no combustible gases
being present.

In summary, the main hazards in shipping, handing and storage of DRI include:

1. Its tendency to self-heat when exposed to an ignition source or when in sustained contact with air
(oxygen) and water;

2. generation of hydrogen when in sustained contact with water, especially saltwater;

3. generation of carbon monoxide when reacting with air and/or water (not in the case of hydrogen -
based DRI which contains no carbon);

4. generation of combustible metal dust during handling
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These and other hazards in shipment of DRI are dealt with insubsequent chapters.

1.2  Passivation of DRI

Once produced, DRI for shipment should be aged for at least 72 hours to allow passivation to occur.
DRI is most reactive immediately after it is produced, and the rate of reaction with oxygen (air) will
decreaseby roughly 3 orders of magnitude or 1000x in the first 72 hours . In a storage silo, controlled
passivation can be achieved by introducing a flowing supply of gas containing 3% oxygen or an
equivalent oxygen partial pressure. The oxygen reacts with the expsed metallic iron surface of the DRI
and forms a thin, inert layer of oxide on the internal and external exposed metallic iron surfaces of the
DRI. This thin oxide layer reduces the reoxidation tendency (reactivity) and stabilises (passivates) the
DRI The impacts of reduction temperature and reducing gas chemistry tend to be smaller than the
impact of passivation; however, if the source iron ore or the reducing conditions are less than ideal, it
can be difficult to achieve passivation as the re-oxidation reaction can run away and lead to self
heating and ignition of the DRI.

DRI can also be aged when stored in warehouses in ambient air. In this case a good natural draft of
ventilation should be provided, but both Shipper and carrier should be aware that passivation may not
be as consistent as is achieved in a silo under a controlled atmosphere

1.3  Maritime transport of DRI

For the purposes of maritime transportation, the IMO6 s | nt ernati onal Mariti me So
(IMSBC Code) uses the following bulk cargo shipping name (BCSN) foDRI: dDirect Reduced Iron (B)

Lumps, pellets, coldmoulded briquettes.6 The IMSBC Code schedule for DRIB) is quoted in full in

Annex 1 to this guide.

For further information about both DRI please visit www.metallics.org.
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Chapter 2 - Handling & storage at production plants, port terminals and
stockyards

2.1  Euipment for handling DRI at plants, ports & yards
All types of conventional bulk material handling equipment can be used with DRI for yard storage,
reclaiming, loading and/or unloading):

1 bucket-wheel stacker-reclaimers

9 cranes equipped with magnets or clamshell

type buckets

front-end loaders, backhoes

9 fixed or mobile conveyors and conveyor belt
systems, including pipe conveyor systems

9 fixed or mobile bins and hoppers

9 if at port terminal or at anchor for mid -
streaming operations to barges, ship
travelling bridge cranes, fixed cranes, floating
cranesand belt systems

1 self-release skips

9 railcar straddle carriers and rotary dumpers

=

Figure 4: DRI storage silos
Image courtesy of Nu-Iron

Figure 5: Photo collage of stacking, reclaiming and handling equipment
Images oourtesy of IMA

Whether at the production plant, the port, intermediate terminal ortheend -us er 6s st ockyar d,

of DRI is similar in that industry utilises standard bulk material handling equipment of various types,
sizes and capacities Although many types of material handling equipment can do the job of moving
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DRI, some types of equipment are better suited for handling DRI and accommodating its unique and
challenging properties. Because DRI can burn, special attention should be paid to potential heat or
ignition sources. Because DRI is water reactive, equipment that accumulates moisture while in use or at
rest should be avoided, or at least properly cleared of any standing water before being put into service.
Due to the highly reactive and combustible nature of DRI dust and fines, equipment that leads to
excessive spillage or accumulation of dust should be avoided When DRI will be handed by equipment
that also moves other types of material, careful attention should be paid to avoiding incompatible
materials, as well as the potential for residual moisture. As an example, although aggregate is not
incompatible with DRI, handling wet aggr egate before DRI can bring DRI dust into contact with water,
leading to equipment fires . A risk assessment involving careful evaluation of handling and storage
equipment should be carried out in order to assess the specific hazards associated with combustble
DRI dust, the potential for hydrogen and carbon monoxide generation and fires.

At the point of production, DRI for external delivery is transferred from the shaft furnace to storage
and, after sufficient cooling, reclaimed for loadout (to vessel,barge, rail or truck). Discharge of DRI can
be by geared vessel$ionboard cranes or by shore-based cranesfor vessels not equipped with their
own cranes.

At port terminals, various types of handling systems mayeither transport the DRI to temporary ground
storage, or convey it to hoppers for controlled re-loading to barges, railcars, or trucks. Many terminals
offer flexible combinations.

DRI is susceptible to breaking into chips and producing iron-laden dust during handling from

production site to end user. Therefore a key focus with DRI handling is the need to minimi se

generation of chips, fines and dust - and spillage. Material losses during handling and storage arise

from the a variety of sources:

A spillage from conveyor belts and mobile equipment
A breakage and degradat i on handlingty neohilse dgeipmepoi nt s and t |
Adegradation during storage and reclaim

Adust collection losses

A frequently quoted estimate for DRI handling breakage is 0.25% loss for each 2 metre drop
experienced. The loss can be much greater for weaker material, longer drops or poorly designed
transitions. The amount of breakage also can be much lower for well-designed transitions, almost
regardless of drop height.

Material losses can be kept to a minimum by optimising the material handling system, for example by
minimising the number of transfer points along the entire chain, and by limiting the height and

number of free fall drops . However, metering and control of feed to conveyor systems should not be
compromised through elimination of transfer points as spillage from an overloaded conveyor could be
greater than breakage at an additional transfer point. While the number of transfer points may not be
controllable, the choice of equipment and operator -controlled drop heights usually are. Use of gentle

|l ay down pr aleatlingéierecommeriedoAfl daperators of material handling and transport
equipment should be alerted to use soft handling techniques to minimi se breakage and fines
generation. When using front-end loaders and other mobile equipment with DRI, care should be taken
to minimise running them on top of piles so as to avoid breakage and fines generation.
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Figure 6: Railcar |l oadleoasdihmagd ngapabiflti ty (to mini mis
Images sourced from: left - Hub-4.com; right - PiercePacific.com

In order to optimise the material handling system, the
extent of breakage along the system should be
guantified by taking samples at each transfer point or
transition and performing a screen test. These data
should be used to prioritise and correct problem
transitions.

DRI should ideally be completely screened to remove

6 f imaterialdbefore any handling or storage as the
fines are highly reactive and susceptible to reoxidation in
contact with oxygen and/or water, especially saltwater
(seeFigure 7)The defihinéomabér idoa’
from plant to plant, <3 mm and <6.3 mm being typical
examples.It should be noted that screening is a very
dusty process and concentraing the undersized material
can correspondingly increasethe risk associated with
such dust and fines. The storage and handling of the
undersized material should therefore be carried out with
extreme care. Because the fraction of material under
3mm can represent hundreds or thousands of tons from
an ocean-going vessel, any screening plan should

include safe recycling or disposal of the undersized Figure 7: Screening DRI prior to shipment
material Image courtesy of Nu-Iron
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2.2  Storage of DRI

DRI can be stored in the following areas or containers:
9 Stockyards and warehouses

9 Silos bins, hoppers or other confined spaces

General guidelines for all forms of storage are:

keep clean and dry (with proper drainage)

keep free of combustible materials: wood, coal, coke, etc.

keep free of chlorides or past cargoes: avoid cement, lye, boraxfertili sers

store DRI atsufficient distance from other stored materials

ensure ability to monitor the storage space for temperature, hydrogen, carbon monoxide, and
oxygen

= =4 -4 4 -

2.2.1 Stockyards and warehouses

Whilst covered storage is recommended for DRI, itcan be stored in the open air, provided that proper
precautions are taken to prevent wetting of the material during precipitation , although as a general
rule, open air storage of DRI is not recommended . Open air piles of DRI should always becovered
when there is a risk of precipitation. Quality loss, specifically loss of metallsation is likely to be much
faster in open air storage. The risk of a major material loss due to selfheating is much higher for
outside stockyards and open air piles should be covered with breathable tarpaulins (to prevent
condensation) or equivalent. DRI should never be stored on damp ground or where the base of the
pile is close to the water table. DRI will draw moisture through a layer of dry aggregate or even
concrete when within 1-2 meters of damp ground or the water table . Dry DRI should never be placed
on top of wet DRI.

2.2.1.1 Conveying systems for DRI

In addition to the general comments about materials handling systems for DRI in section 2.1, the

following precautions should be observed:

1. conveyor systems shouldideally be covered in order to protect the local environment from dust
and accumulation of rainwater;

2. all conveyor belts carrying DRI should be dry and special attention should be paid to the belt
cleaning systems, such as the driving drum scraper, to ensure that they are functioning efficiently;

3. if there are two parallel conveyors for carrying DRI, it is recommended that both belts be in
operation, one loaded, one empty @ this to avoid accumulation of fines and DRI spillage on a
stopped belt and thereby to minimise the risk of fires;

4. transfer points should be engineered to minimi se the generation of fines and/or dust and/or
breakage of DRI pellets;

5. if there are automatic fire -extinguishing water sprayson the belts or inside chutes, ensure that they
are firmly closed in order to avoid water leakage. A o0dry pipedé6 system can redu
accidental water leaks from the fire protection system;

6. during DRI handling, all chutes should be cleaned periodically, using pressurized nitrogen or water.
If using water, any accumulation of water or moisture inside chutes or on connected conveyor
equipment should be removed and allowed to thoroughly dry before handling DRI . When using
compressed nitrogen or air to clean chutes, be aware that dispersed clouds of DRIdust can be
ignited into a flash fire or an explosion in a confined space. The hazards associated with
asphyxiation should be carefully evaluated before nitrogen is used for cleaning. Dust and fines
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removed during cleaning should be carefully handled and disposed of, with special attention to the

potential generation of hydrogen from wet fines ;

7. conveying systems carrying DRI should be equipped with temperature monitoring devices:

a. if elevated temperature or fire is detected, the flow of DRI onto the affected belt (s) should
where practical be stopped and the belt discharge diverted to an emergency pile; in such
situation, regardless of temperature, loaded belts should not be stopped until empty of all DRI,

b. the affected area should be flooded with water and the entire belts and chutes cleaned;

c. care shauld be taken in handling/using hot DRI in transfer to an emergency pile & usage of
such material should be in small batches as they may increase fire riskand, in any case will
have lower metallic Fe content;

d. care should be taken in handling/using wet DRI in transfer to an emergency pile 8 usage of
such material should be in small batches as they may increase fire riskand, in any case,will
have lower Fe content Saturated DRI can holdas much as12% moisture by weight.
Introduction of wet DRI into the steelmaking process can result in steam explosions

8. hot or wet DRI should not be transferred to a silo. If hot or wet DRI has been placed in a silo
accidentally, the material should be carefully monitored for further temperature increases and silo
atmosphere should be monitored for the accumulation of hydrogen and/or carbon monoxide.
Such material should be used as soon as possibleor removed from the silo . In case of increasing
temperature inside the silo, the procedures given in section 2.2.20on storage in silos should be
followed;

9. general areaalarm-equipped gas monitoring devices for oxygen, hydrogen (or total combustibles)
and carbon monoxide should be installed in poorly ventilated areas where gases could accumulate.
Wearable, personal gas monitors shouldbe available to involved personnel, for personnel safety
and/or to detect any abnormal conditions;

a. the Oz alarm should be set below 19% Oz concentration (exposure to atmospheres containing
10-13% O can cause unconsciousness too quickly for the individual to take evasive action;

b. the Hz alarm should be set at 1% concentration;

c. the carbon monoxide (CO)alarm could be set at 50 ppm, the TLV (threshold limit value) 6 the
LEL (lower explosive limij for CO in air is 12.5% by volume

10. all material spills that occur either as the result of normal operation or equipment malfunction
should be cleaned promptly and not allowed to accumulate on, under, or near equipment

In comparison with a series of troughed belts, pipe conveyors offer a good solution for DRI handling . A
pipe belt starts as a conventional troughed belt in the material loading zone, then wraps the conveyor
belt into a tube completely surround ing the material. The belt unwraps at the discharge end, then
wraps back up for the return path.

-~ N .
Figure 8: Pipe conveyor schematic and example system
Diagram courtesy of Midrex Technologies, Image courtesy of Energiron
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By wrapping the belt into a tube, it is possible for a pipe belt to make both vertical and horizontal
turns, whereas a conventional troughed belt can only make vertical plane bends (see Figure8). Pipe
belt conveyors are not a new technology, but they are very effective for moving dusty, granular or
pelletised material like both DRI and oxide pellets. Because pipe belt conveyors make horizontal turns,
they can eliminate transfer points. In addition, pipe belts have much less spillage in comparison with
conventional belts. Dribble from carry back material on the return side is contained to just the head
and tail. Because the material being carried is wrapped up in the conveyor belt, even in a belt over-fill
condition material spillage is limited to head and tail.

2.2.1.2 Stacking DRI

The storage area should be kept clean and free of any combustibleand non-compatible materials.
Interaction with materials such as coal, wood or plastics can lead toself-heating and ignition . It is good
practice to avoid standing water anywhere near the storage areaby providing an even surface with
moderate slope with adequate drainage. DRI pilesshould not be located in areas subject to
condensation, for example downwind from cooling towers . In addition, the piles should not be
located close to heat sources such as steam lines or hot process gas ductsAll storage areas should
have clear signage explaining the potential hazards of DRI

A very common source of DRI heating and material lossis when dry DRI is placed on top of wet DRI or
a stockpile absorbs water from the ground below. Use of astorage pad with a concrete baseis
preferable to one with a base of compacted dirt, fill, crushed rock or other materials, as front-end
loader operators may accidentally dig into the base when loading the DRI, pick up unwanted base
materials and intermix them with the DRI. Tramp materials or residuesin the cargo may negatively
impact the steelmaking process and thus the value of the DRI. Ideally a sealantlayer of tar, bitumen or
some other material impervious to water should be laid down before the concrete baseis poured in
order to avoid ground water seeping into the DRI pile from the ground below .

Stockyards and warehouses for bulk storage vary from plant to plant and the method of piling DRI will
therefore be dictated accordingly. In any case, it is recommended that piles are not stacked more than
5 metres in height. Conical piles with overlapping bases can mean difficult access for mobile plant, for
example in dealing with hot spots and thereby mitigating increased pile temperature . One school of
thought is that flat -topped, tent shaped piles are preferred. However, in any stockpile arrangement, it
can be very difficult to remove hot material that initiates near the bottom of the pile due to the low
angle of repose formed by DRI, and the propensity of the pile to slide down into and intermingle with
the problematic hot material . Good housekeeping is an essential element of stockpile management
Personnel working in the vicinity of DRI stockpiles should wear or carry a portable gas monitor to
check oxygen and carbon monoxide levels.

DRI piles should be accessible to personnel and mobile plant for nspection purposes and for moving
material in case of need. Personnel operating around DRI stock piles should be aware that reacting DRI
can produce carbon monoxide in dangerous concentrations, even in well ventilated areas.

In stacking DRI, inclusion ofexcessive amounts and concentrations of chips and fines should be
avoided o fines and chips will tend to re-oxidise more quickly than whole DRI and can create heat in
the pile. DRI chips and fines will always tend to concentrate at the point of loading of any pile, due to
the fact that clean whole pellets roll out toward the perimeter and the chips and fines tend to be less
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mobile. This natural tendancy of DRI to size segregate presents challenges for many aspects of storage
and handling.

Material that has become wetted for whatever reason should be separated from the pile and allowed
to dry before being re -introduced back to the pile.

The temperature of the piles should be monitored on a daily basis, using thermocouples 30 cm (1 ft)
in length at several locations in the pile. The surface temperature of the pile can also be monitored
with a non-contact IR pyrometer or thermal camera. DRI with temperature in excess of 65C (149F)
should be separated from the pile and allowed to cool.

2.2.1.3 Self-heating and auto -ignition of DRI

After material handling in bulk, DRI can be expected to experience a temporary increase in
temperature of about 30 °C (86°F) due to self-heating. Under normal circumstances the temperature
should gradually fall to ambient. Due to its dark color, DRI that is left in the sunshine may also increase
in temperature, but the temperature increase should be limited to the surface layer of material and
should not get hot enough to reach the auto -ignition temperature.

As wasexplained in section 1.1, DRI in bulk has very low thermal conductivity. DRI can sistain a
temperature gradient of several hundred degrees over as little as 30 cm. As a result, it can be very
difficult to detect hot spots . Self-heating can sometimes be detected by measuring temperatures at
the top of the pile . Temperatures in excess of 100C (212°F) that cannot be explained by exposure to
sun can be a serious indication of material overheating, and it is likely that higher temperature material
may be present within the pile. At this stage, no flame will be present. If wet or reacting material is
present in the centre of a stockpile, the heat cannot readily escape and the temperature may rise,
leading to ignition . Auto-ignition is the temperature at which DRI will react directly with oxygen in the
air in a sustained combustion reaction. In this case, the combustion reaction is the reoxidation of
metallic iron. Conditions indicative of self-heating and auto-ignition are:

9 sustained re-oxidation;

1 elevated temperatures (approaching/exceeding 100°C (212°F);

91 presence of water in the centre of a pile (particularly saltwater);

1 excessive fines in the pile(greater than 5% by volume), particularly when segregated in the centre

If hot-spots develop in the pile (i.e. localised temperatures exceedng 100°C (212°F), the affected
material should be removed from the pile and spread out on dry ground in a layer of about 0.5 met res
using a track-equipped bulldozer or front -end loader, asillustrated in Figure 9. Use of rubber-tyred
front-end loaders may cause §re damage, depending on the temperature, size and location of the hot
spot. Whenever hot material is disturbed, there is a risk of ignition of dust clouds resulting in flash fires .
It is also likely that CO will be present and personnel should be protected from exposure.
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HOT MATERIAL

0.5 meters
or less

Figure 9: Method for controlling hot material in a storage pile
Diagram courtesy of Midrex Technologies

Another method is to bury the pile under sand or other suitable material to cut off the oxygen supply.
With this method, safety is the primary objective, but the trade-off is that when reclaimed, the DRI will
have to be screened to remove the added material if the latter is not to end up in the steel furnace .
Screening operations can bevery dusty and should only be attempted if no hot material is present.

In casethese measures or other alternatives are not practical or effective, the material can beflooded
with water. However, this should be alast resort because it will result in a significant loss of
metallisation and expert advice should if possible be sought prior to such action .

Important note:  water should not be sprayed on an overheated DRI pile under normal conditions.
However, as a last resort in case of a runaway fire, the pile should be inundated with astrong water
stream. Firefighters should be prepared for violent steaming and hydrogen flashing resulting from
such action. Violent reaction between water and hot DRI can disturb accumulations of dust and create
a significant risk of a DRI dust flash fireor dust explosion.

2.2.1.4 Dissipation of water from precipitation (steaming )

DRIwill release water vapor in the form of a visible plume after being heavily wetted by precipitation
(see Figures 10 and 11). Thissec a | | eathingbsties of ten mi sinterpreted
personnel as overheating of the DRI, but is in reality a normal reaction which does not usually pose a
hazard to the personnel, material, or surroundings. DRI that has been heavily wetted by precipation will
undergo significant loss of metalli sation and value over a time span of days and should be used
promptly . A DRI pile that has been wetted by precipitation should never be moved and restocked in a
different area, as this is likely to cause some of the wet DRI to be relocated to the center of the new
pile. A DRI pile that has been wetted should only be reclaimed for final consumption or disposal. The
DRI can warm up to around 60°C (140°F as the steaming occurs, but should normally cool down again
to ambient temperature once the free water is driven off . It is not necessary to take any preventive
action if the pile is steaming and the temperature in isolated pockets does not exceed 100°C (212°P). If
properly stored on a dry base, DRI will not necessarily overheat as a result of being wetted by
precipitation . The risk of significant material loss is much higher when DRI is not protected from
precipitation . Material that has been wetted by precipitation should not be placed into silos, day bins,
or enclosed spaces where hydrogen can accumulate Covering the stockpiles with tarpaulins and
spraying the stockpiles with liquid latex also helps to minimise re-oxidation and wetting.
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EFFECT OF RAIN ON A STACK OF DRI/HBI

u Matoried effected by Meterial not cHfeded
rain woter droining into by rein woter

the stock; some loss of

metolkiz etica

Note: For larger stacks, which have lower surfoce-to- volume rotio, the effect of rain is less,
since the moteriad of the surfoce is o smaller percontoge of the stod.

Figure 10: Minor vapour plume Figure 11: Effect of precipitation on surface of DRI stockpile
as hot material meets Image courtesy of Midrex Technologies

atmospheric moisture
Image courtesy of Energiron

2.2.1.5 Dust suppression

DRI dustis generated more or less constantly during handling of DRI and is composed primarily of
metallic iron, which if inhaled or in contact with the eye can cause irritation or eye damage. Therefore,
eye protection should always be worn when working in the vicinity of DRI handling operations. A face
mask should also be used to avoid inhalation in dusty conditions.

DRI dust is a combustible metal dust This means that it can be ignited in a pile, or if dispersed in air

and ignited it can create a flash fire. If a flash fire occurs inside of a rigid container, like a silo, conveyor

enclosure, de-dusting device, or even a building, the rapid pressure rise can result in a deflagration or

explosion. Thi s can | ead to mechancal g daniajedogpmperdyfandt he o c on
harm to people. DRI dust must be carefully controlled, managed and disposed of. Excellent resources

are available for guidance specifically related to combustible dusts from the National Fire Protection

Association (NFPA) and othergovernmental and non-governmental bodies in Europe and North

America.

DRI dust remaining on metal surfaces for an extended time will eventually convert to an extremely
adherant and hard layer of rust - in order to minimise damage to such surfaces, washingwith high
pressure water as soon as practicable is recommended.

Dust collection is necessary for the safe and reliable operation of DRI material handling systems. In
some areas, it may also be a regulatory requirement. Fugitive DRI dustrepresents a flash fire hazard
and can lead to equipment fires, damage to bearings, damaged electrical equipment, etc. DRI dust is
combustible and a careful dust hazard analysis should be performed to ensure hazards associated with
fugitive dust and dust collection equipment are properly addressed. By their design, de-dusting
devices typically concentrate dust from multiple areas or pieces of process equipment. As a result, if

the hazards are not properly understood and controlled, de-dusting equipment can pose the highest
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risk of fire or explosion in a material handling system. Some recommendations for dust collection

systemsfor DRI handling are as follows:

1. inthe design of the dust collection system the ducting should have the minimum number of bends
and elevation changes so as to maintain suction velocity and minimise accumulation of dust;

2. the system should have sufficient conveying velocity through all branches of the system to prevent
dust deposits within the duct, and to ensure that dust will be re -entrained by the airstream in the
event of power loss or equipment failure ;

3. when there is not sufficient air flow inside all parts of the dedusting system including the duct and
air-material separation device, the mixture of DRI dust and air can reach theMEC (minimum
explosible concentration) where combustion or explosion can be sustained. This is equivalent to
the LEL for a combustible gas.If there is arisk of reaching the MEC at anypoint in the system, it
may be necessaryto have someso-c al | ed oOexpl osi v e ordl®dustisgdevicenin t he du
order to release pressure caused by a dust explosion These pressure relief devices should be
engineered and installed in accordance with applicable codes;

4. long material drops, such as down a long chute, can generate a significant amount of induced air.
Induced air is produced when DRI pellets move away fromeach other in free fall, then collapse
together when the material stream reaches the landing zone. Multiple dedusting points and
increased collection volumes may be required for long chutes;

5. specific recommendations for design of dedusting systems for typical material handling systems
can be found in resources such as the ACGIH publicationindustrial Ventilation 8 a Manual of
Recommended Design

6. dry and wet dedusting systems are recommended & the dedusting duct, dry cyclone and wet
venturi should be checked and cleaned periodically, depending on system design;

7. dry media type collectors, such as filter bag dedusting systems require special hazard assessment
and safety systems, such as explosin and fire protection . Dry media collectors may not be
appropriate in all applications . Dust and fines captured by all types of de-dusting systemsmust be
handled carefully. Wet fines have the potential to generate hydrogen gas. Dry fines have the
potenti al to catch on fire or cause a dust explosion;

8. Water sprays to control dust are not recommended.

2.2.2 Silos, bins and hoppers

DRI is also stored in silos, bins or hoppers, for example in steel plant feedstock charging systemsor at
terminals prior to shipment (see Figure 4 above) As a general observation, the design of silos, bins or
hoppers should be determined on the basis of the material flow properties of the bulk solid(s) to be
stored. The costs for silo design and testing are small compared to the costs of lost production, quality
problems, and retrofits that may be needed because of irregular flow patterns. Some general design
guidelines:

1. silos, bins or hoppers should be under cover and protected from precipitation or flooding ;

2. silos should be designed for complete discharge in order to avoid product stagnation ;

3. dropping heights should be Iimited to O 2 metres i
using fall damping devices, e.g. a rock ladder,or in the absence thereof by keeping the silos close
to full ;

4. silos should be equipped with dedusting equipment, as significant quantities of dust can be
generated during both filling and discharge operations;

5. temperature sensors, connected to and monitored by the control room, should be installed at
minimum three levels within the silo in order to monitor the temperature of the DRI,
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hydrogen probes, connected to and monitored by the control room, should be installed at the
highest level inside the silos;

oxygen probes, connected to and monitored by the control room, should be installed at the top of
the silo interior;

personnel working in the vicinity of silos, bins and hoppers containing DRI should wear or carry
personal gas monitors in order to check oxygen and carbon monoxide (CO)levels. CO should also
be monitored within the silos ;

any silo, day bin, or closed top hopper will require special considerations for the prevention of a
DRI dust explosion. This may include explosion venting, suppression, or continuous inerting of the
silo.

The following precautions are recommended when storing DRI products in bins and silos:

1.

L

any DRIlexhibiting a temperature in excess of 65°C should not becharged to a storage bin or silo,

and should be separated from all other material and spread out on dry ground in a layer of about

0.5 metresdepth in order to cool ;

care should be taken not to mix any incompatible materials such as wet lime, coal,etc. with DRI in

storage silos or bins, as thismay instigate heating of the DRI to a hazardous level

bins and silos should be purged with an inert gas from the bottom ;

top slide gates should be closed except when DRI is being delivered

bottom slide gates should be closed except when DRI is being discharged

inert gas, e.g. nitrogen, should be introduced into the top of the bin or silo during extended

storage periods to insure a slight positive pressure while the top and bottom slide gates are closed

- however there should always be an open vent at the top of the silo in order to avoid excessive

pressure build-up inside the silo;

the temperature within the silo should be monitored regularly;

periodic gas analyses should be performed to ensure the oxygen, hydrogen, and carbon monoxide

levels are within an acceptable range.Abnormal increase in hydrogen or carbon monoxide

concentration should be investigated and dealt with without delay ( Note: the LELof hydrogen in
air is 4% by volume);

reoxidation activity within the silo may be first reflected by a temperature increase or an increase in

hydrogen and/or carbon monoxide or all three;

a. if the temperature exceeds 65°C,increasing the flow of nitrogen should normally bring down
the temperature - temperature stabilisation could take hours or even days with high nitrogen
flow;

b. if the temperature exceeds 70°C, consideration should be given to emptying 5-10% of the
contents in order to improve nitrogen flow through the material; if the temperature continues
to climb rapidly or does not fall below 70°C after say two hours, consider removing a further 5-
10% of the material;

c. if the temperature reaches or exceeds 80C, the silo should be emptied onto the ground or to
an emergency pile (Note: when emptying a silo of material exhibiting a temperature >100 °C,
incoming air (oxygen) could cause further exothermic reoxidation and thus temperature
increase);

d. inthe event of an emergency discharge of hot material, personnel should be prepared for hot
material, ignition of fines, and dust flash fires;

e. if an elevated hydrogen concentration is observed, the nitrogen flow should be increased to
the maximum available. If the increased nitrogen flow is not sufficient to dilute the hydrogen
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and the hydrogen concentration continues to increase, emergency discharge of the silo should
be started immediately, and stopped only when the silo is empty or the hydrogen
concentration begins to decrease. The reactions which generate hydrogen from water and DRI
do not require oxygen to be present and can continue rapidly even in a fully inerted silo ;

f. if a silo is exhibiting high temperature, elevated hydrogen or carbon monoxide levels, no
additional material should be loaded to that silo until the problem is resolved .

If the DRI is to be continuously charged to the electric arc furnace, DRI should be screened prior to the
EAF feed system, e.g. with a grizzly, in ordeto remove large pieces of tramp material or occasional
clusters of pellets. While clusters of pellets do not pose any problem within the furnace, they may
impede steady flow rates from a bin to a belt or launder that charges the furnace .

2.2.3 Inventory control and storage

DRI should ideally be used or dispatche d o n -, figtfoutdbasis. As pointed out in the reactivity
section of Chapter 1, the content of metallic iron decreasesover time as a consequence of re-

oxidation in the presence of oxygen and moisture, 0 t hat mat er i aih, lastsuedbasi®o n a
will have variable metallic iron content which in turn will affect steel plant yield as well as furnace
operation.

2.2.4 Quality loss in storage

Quality loss while in storge varies greatly, depending on the type of storage . DRI that is stored in an
inerted silo will lose very little metalli sation over the course of weeks or months. Properly passivated
DRI that is stored in a covered, dry, but open air stock house, may lose0.25% metallisation per month
or less. Material that is stored in open stock piles and exposed to preciptation may lose several precent
metallisation per month, with significantly higher rates of loss from the outer layers of the pile . A DRI
stockpile that is stored on damp ground or is allowed to self -heat for some other reason can lose 80%
of its metallisation in a matter of days or a couple weeks. Loss of metallisation has a significant impact
on value to the melting operation . Typical EAF steelmaking furnaces are primarily melting not smelting
furnaces and are not equipped to reduce iron oxide back to metallic iron in a cost effective way. The
other aspect of quality loss, is material breakage Chips and fines will re-oxidise more quickly than
whole DRI pellets. Depending on the method of charg ing the DRI to the melting furnace, chips and
fines may not be recovered and will be lost to the slag, or melting furnace dedusting sytem . A storage
system that minimises handling steps and material breakage can improve the observed quality of the
DRI by sveral percent.
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Chapter 3 - Handling and shipment by ocean -going vessel

3.1 IMSBC Code schedule for DRI (B)

For the purposes of international maritime transportation and the IMSBC Code, DRI is designated as
Direct Reduced Iron (B), hereinafter referred to as DRI or DRI (B) The description, characterisation and
hazard classification of DRI (B) contained in the IMSBC Code schedule for DRI (B) is as follows:

Description

Direct reduced iron (DRI) (B) is a highly porous, black/grey metallic material formed by the reduction
(removal of oxygen) of iron oxide at temperatures below the fusion point of iron. Cold -moulded
briquettes are defined as those which have been moulded at a temperature less than 65FC or which
have a density of less than 5000 kg/m?3. Fines and small particles under 6.35 mm in size shall not
exceed 5% by weight.

Characteristics

Physical properties
Bulk density Stowage factor
(kg/m 3) (m?3h)

Size Angle of repose

Lumps and pellets:
average patrticle size
6.35mm to 25mm.
Cold moulded
briquettes:
approximate maximum
dimensions
35mm to 40mm.
Fines and small
particles: under
6.35mm uo to 5% by

Not applicable 1,750 to 2,000 0.50 to 0.57

weight.
Hazard classification
Class Subsidiary hazard(s) MHB Group
Not applicable Not applicable SH and/or WF B

Hazard
Temporary increase in temperature of about 30°C due to self-heating may be expected after material
handling in bulk.

There is a risk of overheating, fire andexplosion during transport. This cargo reacts with air and with
fresh water or seawater to produce heat and hydrogen. Hydrogen is a flammable gas that can form an
explosive mixture when mixed with air in concentrations above 4% by volume. The reactivity ofthis
cargo depends upon the origin of the ore, the process and temperature of reduction, and the
subsequent ageing procedures. Cargo heating may generate very high temperatures that are sufficient
to ignite the cargo. Build -up of fines may also lead to self-heating, auto-ignition and explosion.
Oxygen in cargo spaces and enclosed spaces may be depleted
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In addition, there is a requirement for loading that the moisture content must be 00.3% by weight. The
complete schedule isreproduced in Annex 1 to this guide.

3.2  Preparations for loading

3.2.1 Vesseltype

The following types of vessel have been used for ocean transport of DRI:

91 dry bulk carriers: single-deck, Handy-size,Handy-max, Supra-max, or Panamax with hydraulically or
mechanically operated type or twin-fold type hatch covers of watertight construction ;

9 double-deck (tween deck) vessels are not recommended for shipment of DRI.

3.2.2 Steps to be taken prior to loading DRI - Shipper

1. Prior to shipment, the cargo shall be aged for at least three days, or treated with an air-passivation
technique or another equivalent method, that reduces the reactivity to the same level as the aged
product. Such ageing process shall be approved by theapplicable competent authority which shall
provide a certificate to that effect.

2. Due consideration shall be given to the possibility of moisture inside the cargo pile so as to avoid
wet cargo or a wet portion of the cargo, recognising that the bottom of the pile can be wet even
though the surface of the pile appears to be dry.

3. TheCarrie®ds nomi nated technical persons or other repre
stockpiles and loading installations for inspection.

4. I n accordance with sect i cShippdrshall pmvide thdiMasteardIB8C Cod e,
representative with appropriate information on the cargo sufficiently in advance of loading to
enable the precautions which may be necessary for proper stowage and safe carriage of the cargo
to be put i nto elefShppearorldis appointgr acprésentativé shall provide to the
Master of the carrying vesselwith information about the nature of DRI and the potential hazards
associated with shipping it, together with the relevant safety precautions and emergency
procedures. Such hazards include(a) the potential for DRI to self-heat and generate hydrogen gas
after contact with water, especially saltwater and (b) the risk of entering enclosed spaces adjacent
to or in the vicinity of cargo holds without prior testing for safe atmosphere . The Master should be
requested to convey such information to crew memb ers. Proof that such instructions were so
provided, such as asigned receipt from the Master, should be obtained by the Shipper. Such
information may be an amplification of the IMSBC Code, but shall not be contradictory thereto
with respect to safety. Such information may include:

a) copy of this guide;
b) material safety data sheet,
c) copy of the IMSBC Code schedule for DR (B).

5. Following sampling and testing of the DRIto be loaded, and prior to loading th e cargo, the
Shipper shall provide the Master with a certificate issued by a competent person recognised by the
competent authority of the port of loading stating that the cargo, at the time of loading, is suitable
for shipment, and that it conforms with the requirements of t he IMSBC Code; that the quantity of
fines and small particles is no more than 5% by weight; that the moisture content does not exceed
0.3%; and that the temperature does not exceed 65°C(149°F). This certificate shall state the date of
manufacture for each lot of cargo to be loaded in order to meet the loading criteria with regard to
ageing and material temperature.
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6. Prior to loading, the terminal shall ensure that the conveyor belts and equipment used for loading
DRI contain no accumulation of water or other substances. Each time cargo operations are
commenced or restarted, particularly after precipitation or washing down, any loading belt shall be
operated empty and not over a ship's cargo space.

7. Prior to loading, provision shall be made to introduce a dry, inert gas at tank top level so that the
inert gas purges the air from the cargo and fills the head spaceabove. Nitrogen is preferred for
this purpose. All vents, accesses and other openings, such as coaming drains, that could allow the
inert atmosphere to be lost from cargo holds carrying DRIshall be closed and sealed.

8. The ship shall be provided with the means to ensure that the requirement of the IMSBC Code to
maintain the oxygen concentration below 5% can be achieved throughout the voyage. The ship's
fixed CO2 fire-fighting system shall not be used for this purpose. Consideration shall be given to
providing the vessel with the means to top up the cargo spaces with additional supplies of inert
gas, taking into account the duration of the voyage . In practice it is advisable to inert holds on
completion of loading to an oxygen concentration of 2-3% in order to account for leakage of inert
gas.

9. The ship shall be provided with the means for reliably measuring the temperatures at several
points within the stow , and determining the concentrations of hydrogen and oxygen in the cargo
hold atmosphere during the voyage whilst minimising as far as practicable loss of the inert
atmosphere.

10. Equipment for quantitative monitoring of hydrogen concentration shall be suitable for use in an
oxygen depleted atmosphere and of a type certified safe for use in an explosive atmosphere. The
instruments should be of durable field use design which prevents moisture ingress (which might
affect readings). Gas monitors using catalytic bead or electrochemical (diffusion type) sensors
should be fitted for reliable hydrogen detection. Sensors based on infrared technology do not
warn against hydrogen explosion dangers and should therefore not be used. A minimum of two
(three preferred) gas monitors equipped with the approved type of gas sensors should be on
board the ship priorto loading DRL.The shi p&6s hatch covers should be
sampling points (minimum one, prefer ably two) for the measurement of gases in each cargo hold

to contain DRI.

11. All monitoring equipment should be operational and properly calibrated at the commencement of
|l oadi ng, in accordance wi dalbratioratohe fadidcfdr th e duratdrsof i nst r uc
thevoyage.The vessel ds crew should be properly trained

12. Any pre-loading inspections or procedures required by or on behalf of applicable competent
authorities shall have been carried out.
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3.2.3 Steps to be taken prior to loading DRI - vessel

Figure 12: Protecting vessel equipment from DRI dust
Images courtesy of Kdppern

1. Due consideration shall be given to protecting equipment, machinery and accommodation spaces
from the dust of the cargo. Radars and exposed radiocommunication equipment of ships which
carry DRIshall be protected from DRIdust (see Figure 12 above). Persors who may be exposed to
DRIdust shall wear protective clothing, goggles or other equivalent dust eye -protection and dust
filter masks, as necessary.

2. Prior to loading, an ultrasonic test or another equivalent method with a suitable instrument shalll
be conducted to ensure integrity and weathertightness of hatch covers and closing arrangements,
and all readings shall confirm weathertightness. Such integrity and weathertightness shall be
maintained throughout the voyage.

3. Hold inspection shall be carried out on each hold to carry DRI Holds to carry DRI shall be clean,
dry and free from salt and residues of previous cargoes. Prior to loading, wooden fixtures such as
battens, loose dunnage, debris and combustible materials shall be removed.

4. Wash down deck surfeces, etc. to remove any salt present.

5. Ensure that bilge wells of the holds shall be clean, dry and protected from ingress of the cargo,
using non-combustible material. The bilge system of a hold to which DRI is to be loaded shall be
tested to ensure that it is working properly and such tests documented.

6. The Master shall be in possession of all applicable permits, etc. from competent authorities.

3.3  Weather and other general precautions

1. DRI shall be kept dry at all times during storage, before and during loading and during
transportation. The cargo shall not be loaded onto ships, or transferred between ships or barges
during precipitation. During loading of this cargo, all non -working hatches of cargo holds into
which DRIis loaded, or to be loaded, shall be kept closed.
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