metal powders

oz by J.M. Benson

Synopsis

Metal powder compaction offers unique advantages in the
manufacture of net-shape components using techniques such as
laser sintering, conventional press and sintering, metal injection
moulding, direct rolling, direct forging, and hot isostatic pressing. If
the output from the primary metal production process is in powder
form, then considerable cost and energy savings can be realized by
direct conversion to semi-finished or final shapes. This possibility
exists for titanium and possibly also for Ta, Zr, Hf, and Nb metals.

However, these attractive benefits are associated with some
significant risks. The high surface-to-volume ratio of powder
particles coupled with the reactive nature of these metals means that
special care must be taken when handling them. Powder explosions
are unfortunately still a regular occurrence internationally and these
often result in serious injury and loss of life. Even seemingly ‘safe’
compounds such as sugar, flour, and grain can be extremely
hazardous when handled or milled and dust clouds are produced. In
addition, exposure to airborne particles can have adverse effects on
the human body, especially when particles are inhaled on a regular
basis. Furthermore, the medical consequences of these are not fully
understood, especially in the case of nanoparticles. The impact is
often not observed immediately and debilitating illnesses may
emerge only years or decades later.

As far as is known, there are no South African guidelines for
handling of metal powders.

This paper attempts to provide an awareness of the risks
associated with metal powders (including those produced indirectly
by other metalworking/finishing operations) as well as some
guidelines for their safe handling, based on international best
practices.
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Introduction

The powder metallurgy industry has grown
significantly over the past few decades due to
the economic benefits of manufacturing net- or
near-net-shaped components compared with
conventional metalworking methods, such as
casting or forging. This is due to better
material utilization (fewer losses by machining
etc.) and lower overall energy consumption.
Additionally, unique properties can be
obtained that would not be possible by other
techniques.

However, the large surface-to-volume ratio
of powders means they are inherently more

Safety considerations when handling

reactive than the bulk form. If these powders
are inappropriately handled, through
carelessness or ignorance, this can lead to
potentially life-threatening fires and
explosions. The incidence of fires and
explosions due to powders (also often referred
to as combustible dusts) is unfortunately a
regular occurrence throughout the world, with
many fatalities and injuries reported each year.

In 2006, the US Chemical Safety Board
endeavoured to compile a report! on all the
known incidences of dust-induced explosions
(involving all types of powders) that had
occurred in the USA between 1980 and 2005.
They found that 281 events had occurred,
leading to 119 deaths and 718 injuries.
However, this was only a partial record as they
excluded several sectors that historically have
posed high risks for dust explosions (i.e. the
grain industry, coal mining, transportation,
and military and research institutions). In fact
the real picture is likely to be considerably
worse, as many cases are either not reported
or are attributed to some other cause. One
estimate2 suggests that about 4 000 incidents
(12 per month) actually occurred between
1980 and 2005. Attempts to prevent these
through awareness training and hefty fines
has had some effect, but explosions still occur
regularly in the USA (at least 2 have been
reported between January and April 2011)3.

Statistics for elsewhere in the world are
not readily available but there are indications
that dust-related explosions are a common
occurrence in most countries. It is estimated
that about 2 000 dust explosions are recorded
each year throughout Europe, with on average
1 per week in the UK alone4. Further afield, a
recent explosion in China (May 2011)
happened at one of Apple’s main iPad 2
manufacturers, leaving three dead and fifteen
injureds.

* Materials Science and Manyfacturing Unit, CSIR.
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Although the incidents are a compilation of all types of
dusts, the number due to metal powders is a significant
proportion. The Chemical Safety Board’s report showed that
(albeit for a limited number of cases) metal dust accounted
for 20 per cent of all explosions.

An example of one such incident was at Hayes Lemmerz
International-Huntington’s aluminium foundry in October
2003, and this gives some perspective on the immensity of
the hazard. Aluminium dust particles produced during the
diecasting process were collected by a dust extraction system
for recycling and were stored in a trap outside the factory. A
spark ignited an initial explosion in this trap, which then
rapidly spread along the extraction piping (containing dust
deposits) into the plant. The shock waves caused additional
dust to be released into the atmosphere in the plant and this
then exploded and destroyed a major part of the factory. It
was fortunate that only a few people were present at the time,
as the death toll could have been very high—nevertheless one
person died and six were injured. Figure 1 shows the damage
to the foundry. The investigation report concluded that this
was a preventable incident and was due to a combination of
ignorance of the danger as well insufficient maintenance,
inspection, and cleaning of the dust collection systems.

Apart from the risk of fire or explosion, powder particles
can also have a serious impact on health, especially when
inhaled. A concern is that the effects on the human body may

Figure 1—Aftermath of aluminium dust explosion at Hayes Lemmerz

International-Huntington foundryé
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take time to develop and the consequences of long-term
exposure may be evident only many years later. In the case of
nano-scale particles, absorption can also occur through the
skin. How these particles impact on cell and organ function is
not fully known, but effects range from mild irritation to
auto-immune diseases and cancers?.

This paper will outline the hazards of metal powders in
general but will also make specific reference to the metals of
interest to this conference; namely, zirconium, tantalum,
hafnium and niobium.

Although the emphasis is on powder metallurgy related
activities, this information is also relevant for facilities using
other metalworking operations (e.g. casting, grinding,
machining, and welding) as these can generate a significant
amount of dust deposits within a work area over time. A lack
of awareness coupled with inappropriate cleaning methods
(i.e. using compressed air) can create high-risk conditions.

Fire and explosion

The conditions required for a fire or an explosion are shown
schematically in Figure 2.

In the case of a fire, three components are needed: a fuel
(powder), sufficient oxygen in the atmosphere, and a spark
or other source of ignition.

An explosion on the other hand requires the powder be
present as a dust cloud. The severity of the explosion can be
increased if these elements are constrained within some form
of enclosure. In this case the explosion may escalate from a
deflagration (subsonic wavefront) to a detonation
(supersonic wavefront).

A dust/powder explosion in a factory or facility typically
occur in two stages: the first being the initial ignition and
explosion of a quantity of powder. This is usually of limited
size (depending on the amount of powder involved), with the
damage to buildings and personnel being relatively low.
However, the shock waves created by this can cause powder
deposits within the facility (on ledges, beams, tops of
equipment, on the floor etc.) to be released into the air and
this provides a ready source of fuel for the initial flame front
to consume, resulting in the second and far more devastating
stage. This latter explosion or series of explosions can rapidly
progress throughout the factory, with catastrophic
consequences.

The powder particle size is an important factor, and it is
generally considered that this must be less than 420 pm (i.e.
will pass through an US #40 sieve) for an explosion to be
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Figure 2—Schematic outline of the parameters for a fire or explosion (redrawn from references)
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initiated?. If the size is larger than 420 pm the mass becomes
sufficient to act as a heat sink and it will be difficult to cause
ignition. However, once an explosion is in progression, larger
particles will be readily consumed.

As would be expected, the composition of the powder
particles is a strong determinant of the amount of energy
released during an explosion. Figure 3 shows explosion test
results for a range of materials under similar conditions.

Aluminium can be seen to be the most reactive, followed
by magnesium.

Unfortunately similar data for Zr, Ta, Hf, and Nb could
not be found. However, comparison of maximum combustion
enthalpies (Figure 4) would suggest that zirconium is slightly
less reactive than titanium11. Conversely, the flame speed is
much faster than even aluminium (Figure 5), despite
zirconium having a coarser particle size12.

Hafnium appears to be more reactive than both zirconium
and titanium!13, but less so than magnesium14.

Niobium is probably similar in reactivity to tantalum14.

Powder characterization

Characterizing the powder that is being used is an important
tool in understanding the potential fire or explosion risks.
Various parameters have been explored in the literature, but
the most important are the particle size range, the minimum
explosion concentration, the minimum ignition energy, the
minimum ignition temperature, the minimum auto-ignition
temperature, and the dust deflagration index. Standard
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Figure 3—Comparison of energy release during controlled explosion
tests of different powders10
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Figure 4—Comparison of combustion enthalpies of various materials11
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methods for determining these values have been
established12, 15-20, These parameters are discussed in the
following sections.

Particle size

As mentioned earlier, there is a practical guideline that states
the maximum particle size that will initiate an explosion is
420 pm. However as this size is reduced the reactivity
increases markedly, and this is clearly shown in experimental
work done on aluminium powder21,22,

Figure 6 indicates that as the average particle size
decreases, the energy released (shown by the maximum rate
of pressure rise) increases. A further factor is that less
powder is required for a significant pressure rise to take
place.

When the size is reduced further into the nanoscale
range, there is a continued increase in the rate of pressure
rise, but this then appears to reach a maximum value and
subsequently decreases (Figure 7). The difficulty in
measuring the actual effect of size in the nanometre range is
the propensity for the particles to agglomerate, and this may
be part of the reason for the decrease observed in Figure 7.
Another reason may be the higher ratio of oxide to metal in
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Figure 5—Flame speeds for various powders as a function of dust
concentration12, Median powder sizes: ~45 um (Zr), ~ 9 pym (Al), ~50 um
(Ti), ~45 pm (Mg)
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Figure 6—Effect of average aluminium powder size on the rate of
pressure rise at different concentration levels21
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Figure 7—Effect of moving to nano-sized particles on pressure rise for
aluminium powder22

the smaller particles, which would also reduce the reactivity.

As will be seen in the following sections, the powder
particle size has a strong influence on all the other
parameters.
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Figure 8—Effect of aluminium powder particle size on the minimum
explosion concentration (redrawn from reference26)

Significant variations in the minimum concentration
limits are reported for the same metal. This can be due to a
variety of reasons, e.g. different particle sizes, moisture
levels, and degree of oxidation of the particles. The effect of
particle size on the minimum concentration of aluminium can
be seen in Figure 8.

Minimum ignition energy

The minimum explosion concentration (MEC) is defined as
the smallest amount of dust suspended in air, under a
specific set of test conditions16, that will initiate an explosion.
It is also referred to as the lowest explosibility limit (LEL).
Data for a variety of metal powders is given in Table L.

The minimum ignition energy (MIE) measures the ease of
ignition of a dust cloud by electrical and electrostatic
discharges. The test should be conducted under specific
conditions that are detailed in the relevant standard17. MIE
values for various metal powders are listed in Table II.

Table |
Minimum explosion concentrations
Powder MEC (g.m-3) Reference
Nb ? (Can be very low) 23
Nb ~ 420 24
Ta 160-165 23
Ta ~ 400 24
Hf ~ 180 24
Zr 45 23
Zr 40 25
Mg 328 (75 pm) 23
Al 45-170 (2-63 pm) 23
Ti 45 23
Table Il
Minimum ignition energies
Powder MIE Reference
Zr 1.8-18uJd 27
Zr (<10 pm) 2-5pd 25
Zr 5md 28
Zr 5-15mJ 29
Zr 5md 30
Ta < 0.2 mJ (layer), 14-120 mJ (cloud) 31
Ta 120 mJ 29
Ta <3mJ 23
Nb <3md 23
Hf =T E
Al 3-13mJ 23
Mg 20 mJ 28
> 4 MARCH 2012 VOLUME 112 The Journal of The Southern African Institute of Mining and Metallurgy




Safety considerations when handling metal powders

E 300
z I. -
5 250 7
c |-
¢ 200 +
5 |
s 150 17
3 50 #
100 r 300
:E, 50 + f Powder
% [ 900 weight(mg)
£ 0 - [
- ) F 1500
% A
AT @ o
N ~f
& '50@ & o
£ @0 Qd)
2 W

Titanium powder size {nm)

Figure 9—The dependence of the MIE of titanium on particle size and
powder quantity (redrawn from reference32)

Two of the key factors that determine the ignition energy
of a dust cloud are the particle size and the quantity of
powder present. This is illustrated for the case of titanium in
Figure 9, where sizes of 3 pm and less have a value of about
2 mJ. Large quantities of powder also have a significantly
lower MIE.

Minimum ignition and auto-ignition temperature

The minimum ignition temperature (MIT) is the lowest
surface temperature capable of igniting a powder or dust
dispersed in the form of a dust cloud. This is relevant for
defining the maximum operating temperature for electrical
and mechanical equipment used in dusty environments.
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Figure 10—Influence of particle size on the MIT of aluminium40

Dust deflagration index

The Deflagration Index (KSt) is essentially the maximum rate
of pressure rise generated when dust is tested in a confined
enclosure, and provides an estimate of the anticipated
violence of a dust explosion.

The formula used to calculate this parameter is21:

Kst = (dP/dt) max x V*
where (dP/dt) max is the maximum rate of pressure rise
(bar.s-1) and ¥ is the volume of the testing chamber (m3). A
20-litre chamber is typically used as this gives comparable
results to much larger chamber volumes that would occur in
practice. However, these need to be geometrically similar for

this index to be valid41.

The classification of explosion severity is according to the
Table IV.

The dust deflagration index values for some metal
powders are listed in Table V.

Table V shows some variation for particular metals and
this could be due to a combination of factors that are known

Some metal powders, however, are capable of self-ignition
(auto-ignition), and it is obviously important to know the
lowest temperature at which this occurs.
Table 1l lists these values for the metals of interest.
Again, reducing the particle size will increase the
reactivity of the powder and consequently lower the MIT.
Data for aluminium is shown in Figure 10.

Table Il
Minimum ignition temperatures
Powder MIT (°C) Reference
Zr 235 + 65 33
Zr (10 ym) May auto-ignite at room temperature 34
Zr (17.9 ym) 350 23
Zr 190 (layer) 23
Ta 300 (layer)
610-630 (cloud) 31
Ta 400-600 (cloud) 23
Ta May auto-ignite at room temperature 35
Hf 190 36
Hf (10pm) May auto-ignite at room temperature 37
Nb 5um powder may auto-ignite at room temperature 38
Al 650 deg C (cloud); 760 deg C (layer) (@aluminum, atomized); 610 deg C (cloud); 320-326 deg C (layer) (aluminum, flake);
420 deg C (aluminum, 6 pm) 39
Mg 560 (cloud) 23
Ti 332-587 (cloud)
382-510 (layer) 23
Ti May auto-ignite at room temperature 23
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Table IV
Rating of explosion severity according to the Kst
value23
Dust explosion class Kst (bar.m/s) Characteristic
St0 0 No explosion
St1 >0 and <= 200 Weak explosion
St2 >200 and <= 300 Strong explosion
St3 > 300 Very strong explosion
Table V
Kst values for metal powders
Metal Kst (bar.m/s) Reference
Zr 150 42
Ta See Figures 11-12 42
Ta ~7 43
Ta ~3(2-30 um) 14
Nb ~ 4 (10-60 pm) 44
Hf >= 50 (4-30 pym) 14
Al 220 (6-15 pm)
22 (20-100 pm) 14
Al 23-332 (2-63 pm) 23
Mg 53 (20-60 pm) 14
Ti >= 40 (20-70 pm) 14
Ti 35 (10-60 pm) 44

to influence the index value: the size of the particles, the
quantity of powder, moisture level, initial powder
temperature, igniter energy, and degree of particle
oxidation44. Considerable variations in results are also
known to occur when different test method are used41.

The effects of dust concentration and particle size on the
values for tantalum are shown in Figures 11-12. Clearly the
amount of powder present and the particle size have a large
impact on the severity of the explosion.

Reducing the particle size into the nanometre range
appears to lower the Kg value, as shown for aluminium
(Figure 13). This may be due to the agglomeration effect that
was noted earlier.
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Figure 11—Dust deflagration index for tantalum as a function of the
dust concentration31
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Influence of moisture

The presence of moisture can increase the MIT, as shown for
zirconium (Figure 14).

In view of this, safety guidelines for zirconium and
hafnium stipulate that these powders should not be handled
when dry or when the moisture content is less than 10-25
per cent by weight34.45.

Influence of inert elements

The addition of an inert element or compound can signifi-
cantly reduce the reactivity of a metal powder. This may not
be a feasible option during the processing of powders, but
could be a consideration when disposing of powder waste. As
noted earlier, the oxidation of powder particles can cause an
inerting effect, particularly when the particle size is small.
Figures 15-16 show the effect of adding ZrO, to zirconium
on the Kg and MIT values.

A further example is for aluminium, where additions of
sodium bicarbonate and monoammonium phosphate increase
the MEC (Figure 17).

The characterization parameters that have been discussed
are vitally important for assessing the risk of fire or
explosion. However, reliance on data from the literature is
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Figure 14—Effect of moisture on the ignition temperature of zirconium
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Figure 15—Effect of addition of ZrO, on the Kt value of zirconium42

not recommended as there can be considerable variance in
the reported test values, as has been seen. Furthermore,
there may be little correlation between laboratory test
conditions and the actual situation in a facility or factory. It is
therefore essential to conduct tests on the actual powder (or
powder combinations) being processed as well as simulate,
as closely as possible, the real environment that is
experienced (i.e. temperature, humidity, turbulence etc) in
the working area. Having realistic parameter values is
obviously important when suitable venting and containment
systems need to be designed.

Health risks

Exposure to metal powders can have an impact on the health
of personnel and is of particular concern when exposure is
over a long term. However, understanding the influences of a
particular powder on health is problematic, as individual
sensitivities vary and predispositions for a particular illness
can be triggered in one person while others are unaffected.
Furthermore, personnel in industry are usually exposed to a
multitude of dusts and other chemicals, and it may not be
clear what has caused a particular effect.

Detailed toxicological investigations have not been
conducted on all metal powders, and thus data is often
limited to various ailments that have been reported for people
working with that particular powder (amongs other things).
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Figure 17—lInerting of aluminium powder46

There are three ways that powders can interact with the
body:

» Skin contact, which may lead to some form of irritation
or allergic reaction (e.g. dermatitis). In the case of
nano-powders, the particles can penetrate the skin and
become absorbed into cells in various parts of the
body, including the brain

» Eye contact, resulting in a mechanical irritation and
cause damage

» Inhalation and either ingestion by swallowing or
entering the lungs, resulting in possible breathing
problems.

In the case of inhalation, the size of the particles
determines the level of penetration into the lungs (Figure 18).

Nanometre sized particles are particularly concerning due to
their ability to penetrate the skin and internal membranes, with
the consequent potential to interfere with cellular activity. The
realm of nanotechnology is still relatively new and it is too early
to really know what the long-term effects will be. It appears that
at this size range differences in powder composition may be of
less importance, and that it is rather their presence as foreign
objects in cells that causes the problem. However, more
research needs to be done to understand the actual mechanisms
involved. Nevertheless, there is some indication that nanopar-
ticles (in general) can cause a variety of ailments, and this is
summarized in Figure 19.
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Figure 18—The size of particles determines how much is inhaled and
where they are deposited4?

The following sections outline the known health aspects
of the metal powders (in the micrometre scale) that are of
interest to this conference.

Zirconium

Zirconium has no known biological role, and zirconium
compounds are of low toxicity. Short-term exposure to
zirconium powder can cause irritation, but only contact with
the eyes requires medical attention. Inhalation of zirconium
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INTERNALIZED
IN CELLS
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Figure 19—Collation of the recorded diseases attributed to nanoparticles#8
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compounds can cause skin and lung granulomas. Zirconium
aerosols can cause pulmonary granulomas49,50.

The exposure limits to dusts are usually specified in
terms of a time-weighted average concentration for up to a
10-hour workday during a 40-hour workweek (TWA) and a
short-term exposure limit (STEL). The values that have been
set for zirconium are given in Table V1.

Tantalum

This is generally not considered toxic however one report
indicates tantalum may be a non-specific, surface carcinogen
(based on animal studies)35,52.

Repeated or prolonged exposure to tantalum alloy dust
may lead to mild fibrosis and chronic rhinitis, and it may also
play a role in producing ‘hard metal pneumoconiosis’.
Irritations to the eyes and skin have been observed.

The exposure limits for the USA and other countries are
shown in Table VIL.

Table VI

Exposure limits for zirconium dust51
Agency TWA (mg/m3) STEL (mg/m3)
NIOSH 5 10
OSHA 5

NIOSH: National Institute for Occupational Health and Safety (USA)
OSHA: Occupational Safety and Health Administration

+ Brain Neurological diseases:

Parkinson's disease

\ ? Alzheimer's disease

Nanoparticle inhalation

Asthma
Bronchitis

Emphysema
Cancer

Circulatory Artheriosclerosis
system Vasoconstriction

Thrombus
* High blood pressure

Heart Arryvihmia
Heart disease
Death

Diseases of
Other organs ,iknown
Y etiology in

- kidneys, liver
Lympbhatic ey’ e
system Podoconiosis

Kaposi's sarcoma

Auto-immune diseases
dermatitis

Skin
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Table VII

Exposure limits for tantalum dust35,53

Agency/country

TWA (mg/m3)

STEL (mg/m83)

Other (mg/m3)

ACGIH

NIOSH

10

OSHA

Canada

10

Austria

10

Belgium

oo oo

Denmark

Finland

10(n8h)

Germany

10 (inhaleable), 3 (respirable)

Ireland

Italy

10 (inhaleable), 4 (respirable)
5

Netherlands

10 (inhaleable), 5 (respirable)

Norway

10 (total dust), 5 (respirable)

Spain

5 (VLA)

Sweden

10 (total dust), 5 (respirable)

UK OES

5

10

VLA: Valore Limite Ambientales (Environmental Limit Value)

Hafnium

As far as is known, the chemical, physical, and toxicological
properties of hafnium metal have not been thoroughly
investigated. Hafnium is a poison by unspecified route, but
due to its low solubility in water it is not absorbed efficiently
by ingestion. However many hafnium compounds are known
to be poisonous54.

The following effects of exposure to hafnium have been
noted37:

» Toxic by inhalation and may cause irritation to the
nose, throat and mucous membranes

» May cause irritation to the skin

» May cause irritation to the eyes

» May cause damage to the liver.

The exposure limits are given in Table VIIL
Niobium
The following effects have been reportedss:

» On inhalation it may cause irritation of the mucous
membranes. Inhaled particles may be retained in the
lungs

» Metallic niobium has a low order of toxicity due to poor

absorption from stomach and intestines

May cause irritation to the skin

May cause transient, mechanical irritation to the eyes.

Chronic eye exposure may cause conjunctivitis

» Niobium crosses the placental barrier in animals.

Niobium, when inhaled, is retained mainly in the lungs,

and secondarily in bones. 1t interferes with calcium as an

activator of enzyme systemsse.

>
>

The TWA and STEL values have not been set but there is
an occupational exposure limit55 of 15 mg/m3.

Prevention of potential risks

There are four general principles that should guide the
setting of procedures to prevent or at least minimize the
fire/explosion and health risks (adapted from57-59). These
are discussed in the following sections.

Prevent the suspension of powder particles in the air

» Ideally, work should be conducted in an oxygen-free
atmosphere (i.e. glove box etc.)

» When this is not possible, handling should be done
with great care and within the working zone of a
suitable dust-extraction system to prevent any fugitive
dust from settling within the facility

» Special care must be taken when cleaning equipment,
bench tops, etc. and particularly if an accidental spill
occurs. No compressed air hoses should be used

» The dust extraction or venting system must be
designed to convey powders at concentrations below
their MEC.

Eliminate all sources of ignition in powder-handling
areas

» No smoking or smoking materials, including lighters or
matches, should be allowed in areas where powder or
dust is present

» No flame, spark-producing or propellant-actuated tools
or activities should be carried out in an area where a
powder is present

» Locate electric motors and as much electrical equipment
as possible outside the processing areas

» Ensure that there are no hot surfaces (e.g. heating
pads, hotplates etc.) in the powder-handling area

Table Vil

Exposure limits for hafnium dust54
Agency TWA (mg/m3) STEL (mg/m3)
NIOSH 5 10
OSHA 5
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» Conductive and non-sparking tools must be used for

handling and cleaning

» Bonding and grounding of machinery must be done to
prevent static electricity buildup
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Table IX

Typical static electrical energies in non-earthed items60

Charged object Capacitance (pF) Potential (kV) Energy (mJ)
Single screw 1 5 0.01
Flange width = 100 mm 10 10 0.5
Shovel 20 15 2
Small container (~50 litres) 50 8 2
Funnel 50 15 6
Person 300 10 25-30
Drum (200 litres) 200 20 40
Road tanker 1000 15 100

» All moveable equipment, such as drums, containers,
and scoops must be bonded and grounded during
powder transfer by the use of clips and flexible ground
leads

» Personnel should also be grounded when working with
powders, and the flooring in a facility should be
suitably surfaced to minimize charge buildup

» During transfer, powder must not be poured or slid on
nonconductive surfaces

» Work clothing should be made of smooth, hard-
finished, closely woven fire resistant/fire retardant
fabrics which tend not to accumulate static electric
charges.

The static charge buildup from even small objects can be
sufficient to ignite an explosion of fine powders. Table IX
shows the typical static charge energies that can be generated
for various items.

The European Standard EN 1127-1 lists the common
ignition sources that have resulted in explosions or fires
(Table X)61.

Limit the size of the fire or explosion

» There should be regular cleaning of the laboratory and
equipment to prevent any buildup of dust

»  Work with the minimum amount of powder that is
needed

» Ensure powder containers are closed immediately after
use

» Store all containers (sealed) in a room separate from
the handling areas. This room must comply with the
necessary requirements for fire-proof storage. Long-
term storage should be in argon-filled steel drums with

Table X

Possible ignition sources, as listed in EN 1127-161
Hot surfaces

Flames and hot gases (including hot particles)

Mechanically generated sparks

Electrical apparatus

Stray electrical currents, cathodic corrosion protection

Static electricity

Lightning

Radio frequency (RF) electromagnetic waves from 104 Hz to 3x1012
Hz

Electromagnetic waves from 3 x 1011 Hz to 3 x 1015 Hz

lonising radiation

Ultrasonics

Adiabatic compression and shock waves

Chemical reactions, including self-ignition of dusts
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tightly fitting clamp-on sealable lids. The metal powder
should not be stored in areas containing flammable
liquids or other combustible materials, due to the
differences in fire-fighting methods

» Have fireproof containers readily available for disposal
of any spilled or burning powders

» There should be no false ceilings or difficult-to-access
sections (e.g. cabling conduits etc.) in the working or
storage areas where dust could collect unnoticed

» The dust extraction system must also be cleaned and
maintained on a regular basis

» The clothing worn by workers should not have exposed
cuffs, turn-ups, or pockets or other features where dust
might accumulate.

The US National Fire Protection Agency (NFPA) specifies
immediate cleaning when a dust layer exceeds 0.4 mm (1/64
inch) over at least 5 per cent of the facility area (this includes
the floor, overhead structures, equipment, counters etc.)62.
While this may be difficult to implement, it certainly
emphasizes the seriousness of the potential risk.

Protect personnel from exposure

There must be provision of suitable clothing and equipment
to protect personnel while working in a powder handling and
processing area. These should include:
» respirators (with correct filters)
» chemically resistant and fire-retardant laboratory
coats/overalls
» gloves (both for fire protection but also to prevent skin
contact)
» safety glasses/face shields with hair/head protection.
These should remain in the working area to prevent
carry-over of dust to other areas (offices etc.). Suitable
storage and changing facilities would be required.
A programme of regular inspection, cleaning, replacement
of filters, laundry of clothing etc. should be instituted.
Before leaving the facility, personnel should be required
to wash their hands and faces and any other exposed areas to
remove any powder residues.

Fire fighting procedures

Detailed procedures that are suitable for a particular facility
should be sought from professional firefighters. However the
following guidelines provide a starting point:
> It is extremely important that, should a fire start, there
is a rapid response to deal with it as this can quickly
escalate in intensity.
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Table XI

Fire-extinguishing agents to be used on metal powder fires23

Metals
Alkali
Metals
(Calcium,
Extinguishing NaK, Iron and
Agents Sodium)  Lithium Aluminum  Steel Magnesium Niobium Tantalum Titanium Zirconium
Coke (carbon Yes Yes Yes Yes Yes Yes Yes Yes Yes
microspheroids)
Met-L-X Yes* No Yes* Yes Yes* Yes* Yes* Yes* Yes*
Lith-X Yes* Yes* No No No No No No No
Copper powder Yes* Yes* Yes No No No No No No
Dry flux Yes Yes Yes* No Yes* No No No No
Dry sand Yes Yes Yes* Yes Yes* Yes* Yes* Yes* Yes*
Dry lithium Yes Yes No No No No No Yes Yes
chloride
Dry soda ash Yes Yes Yes No Yes No No Yes Yes
Dry sodium Yes Yes Yes* No Yes* Yes* Yes* Yes* Yes*
chloride
Water No No No Yes No No No No No
Foam No No No* Yes No No No No No
Argon Yes* Yes Yes* Yes Yes* Yes* Yes* Yes* Yes*
COy No No No No No No No No
Nitrogen Yes* No No Yes No No No No No
Halon No No No No No No No No No
Halon No No No No No No No No No
replacements
Note: When combustible metals are blended with other materials, the extinguishing agent should be com-
patible with the combustible metal.
*Preferred extinguishing agent
TAqueous film forming foam (AFFF) has been shown to be effective on aluminum paste fires in the incipient
stage where a Class B solvent is the primary fuel.
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!
4' Check available data I
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Figure 20—A summary of the approach to preventing dust explosions (redrawn from reference2)
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Table Xl

Standards for prevention of combustible dust fires and explosions

NFPA 654 Standard for the prevention of fire and dust xxplosions from the manufacturing, processing, and handling of combustible
particulate solids

NFPA 484 Standard for combustible metals

NFPA 499 Recommended practice for the classification of combustible dusts and of hazardous (classified) locations for electrical
installations in chemical process areas

NFPA 68 Standard on explosion protection by deflagration venting

AS/NZS 4745:2004 Code of practice for handling combustible dusts

SANS 60079-0

Explosive atmospheres—Part 0: equipment—general requirements

SANS 60079-10-2

Explosive atmospheres Part 10-2: classification of areas—combustible dust atmospheres

SANS 60079-17

Explosive atmospheres—Part 17: electrical installations inspection and maintenance

AS/NZS 2381.1:2005

Electrical equipment for explosive gas atmospheres—selection, installation and maintenance—general requirements

AS/NZS 61241.10:2005
may be present

Electrical apparatus for use in the presence of combustible dust—classification of areas where combustible dusts are or

AS/NZS 1020:1995

SANS 10123 The control of undesirable static electricity

AS 1940-2004 The storage and handling of flammable and combustible liquids

AS/NZS 3833:2007 The storage and handling of mixed classes of dangerous goods, in packages and intermediate bulk containers
SANS 61241-4 Electrical apparatus for use in the presence of combustible dust—Part 4: Type of protection "pD"

SANS 10108 The classification of hazardous locations and the selection of apparatus for use in such locations

NFPA: National Fire Protection Agency63
AS/NZS: Australian/New Zealand Standards64
SANS: South African National Standards65

» The burning powder should if possible be deposited
into a suitable fire-proof container (appropriate non-
sparking shovels etc must be available)

» [If this is not feasible, then the correct extinguishant
must be used (see Table XI). These must be kept close
at hand and personnel should be trained in their use

» Once the fire has been dealt with to the best of their
ability, personnel should leave the area after turning
off equipment and closing any doors

» Trained firefighters should then ensure that the fire is
adequately dealt with and the area is safe for cleanup
operations to take place

» Care must be taken to thoroughly and safely clean the
facility and personnel must wear protective equipment.
The debris must also be collected and stored in a
suitable container for appropriate disposal.

Conclusions

This paper has attempted to give an overview of the potential
hazards that can arise when working with metal powders in
general, but also with special reference to zirconium,
tantalum, hafnium, and niobium.

There are well-established methods to characterize
powders for their explosive potential and to provide limits for
safe operation. These can be used to help establish and
maintain a safe working environment.

The steps to characterize the potential risk as well as to
prevent an explosion are summarized in Figure 20.

The impact of powders on health is difficult to quantify
and it would be best to err on the side of caution by
preventing exposure, as far as possible. This can be
effectively achieved by the provision of suitable protective
equipment as well as having properly designed venting
systems installed.

Educating personnel on the risks and safe working
procedures is also vitally important to avoid the occurrence of
an explosive dust accident.

MARCH 2012 VOLUME 112

> 12

Table XII lists some pertinent standards relating to the

prevention of metal powder fires and explosions.
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