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Safety in Handling Aluminum Powders

G. M. BABCOCK and F. B. RETHWISCH reynolds Metals Co., Lonisville, Ky,

Chem, & Mef. INTERPRETATION

Except for those people who work constantly with aluminum
powders, sufficient respect for the explosibility of this material does
not appedar to exist. With the present widespread use of aluminum
powders for the manulfacture of military pyrotechnics. need has
developed for the more widespread dissemination of information on
safe practices in their handling and in manufacturing pyrotechnics.
The article which follows is based on the experience gained by the
Reynolds Metals Co. in many years of producing and handling
metallic powders and is offered as a starting point in the develop-
ment of safety programs for concerns engaged in or beginning opera-
tions in pyrotechnic work. Certain fundamental precautions are dis-
cussed by the authors as a service to the industry. butl neither they
nor their company assume liability of any kind in presenting this

information.—Editors,

LAKL ALUMINUM POWDER, SOmMe-
that similar w the material
commonly used in aluminum paint
under the rather misleading name of
“gluminum bronze powder,” is a
valuable component of pyrotechuic
mixtures used for flares and signals.
The. high surface area of a given
weight of aluminum flake powder
makes it easily ignitible when in the
presence of oxygen or air.« Burning,
it evolves a tremendous amount of
bheal and lighl. Owing to itz low
apparent densiby, fine particles of
the material tend lo flout in air with
the attendant danger of violent ex-
plosion npon ignilien, when a proper
ratic of aluminum to oxygen is
reached.

A somewhat different alummom
powder, the grained variely, consists
of spheres, sausage shapes or irre-
gular grains of aluminum, which are
velatively hard to ignite. When mixed
with oxygen-producing compounds,
the grained powder will hwn with
the evolution of much heat and light.
This material, however, has a high
appavent density and low surface
area which wends to keep it {rom
suspension in air so that the danger
of explosion or fire from aluminum
“fog” is almost nil.

Both flake and grained aluminum
are shipped in sealed drmms with
folly removable heads, These drums

should be stored unopensed in n sep-
arate urca wherever possible, sinee
if they are stored along with such
chevmeals as sulphur, mitrates and
others of similar character, a fire
from any eause would present o most
=erious problers. Whenever a drum
of aluminum powder is opened for
luading or imspection, it shonld be
closed and re-sealed as soon as pos-
gible. This not only insures greater
safety against fire from exfernal
eanses but also limits the likelithood
of tramp material gelting into the
powder, or of the powder absorbing
water from the alr. TIn one instance
a sealed drum of flake aluminum
withstood an aluminum dust explo-
sion and subsequent fire without
ignition of the drum contents.
There are few practical means of
extinguishing fires involving alumi-
num powder or mixiures containing
this powder. Anything which tends
to disturb the bhurning mass may
throw the ahuninum into the air and
result in a violent explosion of tre-
mendous destructive power. It is
true that dry sand, carefully placed
over a pile of burning aluminwm,
will smother the flame, but in the
exciternent attending such a  fire,
there is danger that the sand will
he thrown or shoveled on to the
mass, and that the powder will be
thrown into the air. There have been
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several cases where relatively harm-
less fires have been changed to seri-
ous and fatal explosions from this
cause.

Consequently, the safer and more
prudent rule is {o instruct empioyees
to walk out of the bhuilding in the
case of an aluminum fire, shutting
the door securely but az genily sas
possible to avoid disturhing the
burning mass.

All employees shonld be instructed
in precedures to avoid. They should
understand thoroughly that water,
carbon tetrachloride, fire foam, eqr-
bon dioxide and similar extingunish-
ing sagents should not be used on
aluminum fives. Use of suech materi-
als will canse explosions. Night
watchmen should be insbructed to
convey this information to anv regu-
jar or volunteer gronp which at-
tempts to extingnish an aluminam
fire. Turthermore, the use of a fine
spray of water from a stivrup pump,
such as is used by eivilian defense
workers on incendiary bombs, should
never be used on aluminum powder
fives.

Tt is of nlmost Importance that
loeal fire department~ he informed
of these precaulions. The depart-
ment should be provided with ecom-
plete information and eharts regard-
ing those warehouses which contain
aluminom, a3 well as those contain-
ing other chemicals. These charts
should also be readily available to
the watchmen and to the plant’s own
protection division at all times.

AVOIDING HAZARDS

A source of great danger in the
hundling of aluminam powder is the
presence of foreign subslances, par-
ticalarly hard or metallic materials.
Care should be taken o see that
closing bolts, mails and similar Dbits
of metal cannot contawminate alimi-
num powder or pyrolechnic mixtures,

Good plant housekeeping iz one
of the most cffeetive methods in
achieving plant safety and eare must
be taken partienlarly in the weigh-
ing, mixing and pressing rooms. As
little material ag is practical should
be kept in one place at one time.
Seoops for handling powders should
be of non-sparking material and the
handling should be slow and deli-
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berate to reduce dusiing to a wini-
mum. Rooms in which powder is
handled should be cleaned at fre-
quent intervals, but never during
weighing, mixing or pressing opera-
tivns.  All materisl should be kept
in closed containers while eleaning
is in progress. If oil is used in the
pyrotechnic mixture, special oare
musl be taken fo insure that all
oily rags or wasle are deposited in
closed safety cans away from the
storuge or loading areas. These rags
maust be dispoesed of daily. In clean-
ing, care must be taken particnlarly
to keep all corners, window ledges
beams, building steel and other rest-
ing places free from dush,

BUILDING PROTECTION

The buildings used for weighing,
mixing and loading operaiions
should, wherever possible, be zo0
spaced and protected that fires or
explosions in one unit cannot be com-
municated to other units. Construc-
tion should be adapied fo ihe vent-
ing of explosions, using either a
“soft” wall or roof, or a blow-out
panel.  All egquipmeni should be
located so that the operator has u
free path to an outside door, with-
out 2 mixing bench, press or mixer
hetween him and the door.

All metal in the buildings should
be grounded. This nof only includes
the equipment itsell, but also welal
window and door frames and other
building elements. Clips eonnecled to
flexible grounded leads should be
placed on all metal drums or olher
movalle equipment. Ouly explasion-
prool moturs should be permitied.
and for these the controls should be
fully inclosed and nan-arcing, loeated
ontside the workenont so that no
worker need be in the mixing or
pressing room from the time of
starting these operations nntil they
are completed.

All lights should be of a tvpe
approved for explosive operations
and conditions.  Partiedlar ecare
must be taken when automatic or
mannal tools are to be used in build-
ings for repairs or changes. When
such work iz to be earried out, the
rooms must frst be emptied of all
wgnitible  material and thoroughly
cleaned.  Fatal explosions have heen
eaused in dost-filled rooms by an
are from the switeh of an ordinary
flushlight.  Therefore, only flash

» ¥urthe: information on these flooys caw
be pocured from Armatrong Cork Co, Bumld
tax Products Div. Lancasgter, Pa.; the Phini-
tote Co., Industriial Emulsions Div, 36
MHockafeller Plaza, New York, N T.; and
ithe Kompohite Co, 111 Clay St, Brooklyn,
[

Lights, elecirie hghting aud pover

equipment carrying  Underwriters’
approval for wse in explosive areas
and where explosive vapors are en-
countered shonld be used.

Whernser poszible, both the shoss
of workevs und the fHoors should be
ol a econduetive hut non-sparking
type. Ilecirieal discharges produced
by statie or lightning arve the most
ditficuls salety hazards to eontrol,
The danger [rom static charvges pro-
duced by friction is greatest m cold,
dry weather. Even walking on eon
crete or composition flooring m non-
condueting  shoes  may  produee
sparks eapable of igniling pyrolech-
nic mixtures or fine aluminam par
tieles suspended in the air. Even
the friction caused by aluminmm
powder poured from a scoop to a
contamer can  ereate  high  stalie
charges on the ashumiuum particles

Particularly in the case of flake alu-
mmum powder, considerable time is
required to dissipate this charge,
Several iypes of non-sparking,
conduetive floors have been employed
suecessfully.  Three types may be
deseribed briefly here, including (1)
Magnesite tlooring installed over a
wond or concrele base, with eondue-
tive metal grids placed henecath the
surface of the floor and properly
gronnded; (2)  emulsified asphalt
composition flooring with a condue-
tve aggregate which alro 1 lawd over
gronuded metal grids. and (3) in-
dusivial graphite tile made of a
condnetive mastie, the edges of the
tile bemg melted together with a
hot iron on installation 1o provide
a continuous surface.  With this last
mentioned 1ype uo metal grid s
necessary, the tile atself  heing
grounded at varions poinis.

These views, irom photos by the U. 8. Army Signal Corps, show o thermite homb

demonstration at the Army War College, Washington, D. C.; the upper view shows

the bomb beginning to explode, while the lower shows the climax of the explosion

where the bomb, having rsached u temperature of about 4.880 degy. F.. is melling
through the slab of steel on which it rests
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The cuuses ol static should be ex-
plained to employees, using simple
illustrations such as the rubbing of
silk in eold weather, or the combing
of hair. Deli drives should not be
uced on macdhines m the mixiug,
presaing or loading rooms.  Speecial
eare should be laken in screen reoms,
sinee the [riction of the particles
passing over the sereens and their
{emporary  suspension and separa-
tion in gir can build up high statie
chavge~,  All metal in processing
and storage rooms should be ground-
ed and every possibility of a2 spark
frow yaachinery, [rom broken elec-
trie liuht bulbs, or {rom the drop-
ping of steel tools shonld he guavd-
ed  against. Properly  zrounded
metal containers on spark-proof con-
ductive flooving  will permit more
rapid dissipation of statie charges
than wooden containers.  Mixers
should be allowed to remain at rest
for a short {ime before the mixture
is removed, thus permitiing any sia-
tic charge induced in the metal par-

ticles in the mix to be conducted to
ground. Shuple eleciroscopes can be
made to determine when a mixture
is free of stalic charge.

Adequate lightning profection is
an importan{ requirement for the
plant handling aiumnnm powders.
The grounding of all metal window
and door {rames and approved light-
ning pretection of all wiring will
targely eliminule the possibility of
high c¢harges collecting before or
duwring a thunderstorm and perhaps
discharging to the ground with an
aeeompanying flash or spark.  Pro-
tection  against  aelual  Hehining
shrokes is besl lelt to authorifies on
thiz subject™ Muny concerns shut
down all mixing and loading opera-
tions during severs, neavhy hghtning
storms, the emplovees leaving the
pracessing rooms during that period,
Radio sets are good indicators of
approaching clectrieal storms, bul
it they axe used, they should not be
installed in the loading area owing
to the hazard they introduce,

Highlights in Avoiding Aluminum Powder Explosions

1. A1l machinery and all metal door and window frames should be well grounded.
2. A}l mixing and conveying eguipment should be constructed so as to minimize

the escape of dust into rooms.

3. Spatulas, scoops, conveyors and the hke should be of nonsparking materials.

4. Molors, as far as possible, should be kept in separate rooms, outside the work-
rooms. Where it is necessary to have them in the workrooms, they should be
of the explosionproof, dustprool. splashproof and waterproof type of squirrel-cage

construciion.

5. Dust should not be permilled fo collect in workrooms: they should be cleaned
several times « day, if nevessary, although not while operafions are going on

8, Dust in the «ir should be kept at ¢ minimum., Most people who do not work
constanily with aluminum powder do not fully appreciate the explosibility of this
moterial.  Trostel and Frevert' state that the lower explosive limit for aluminum
powder suspended in «ir varies with the method of ignition. With an electiically
heated glowing wire, or with an arc, the lower explosive limit was found to be at
a concentration of 7.0 ma. Al per Jiter of air, und ot & conceniration of 13.7 mg. with

wan induction spark,

7. Lighting of rooms should be provided by dustproof. explosionproof bulbs.
8. 1f necessary io use flashlights, they should always be of uan Underwriters’
approved type, for use in explosive aimospheres.

9. All bearings and gears should be kept well lubricated and protecied from dust.

10. All employees should wear approved type clothing, withoul pockels or cuifs,

3 f{easible.

11. Operators engsged in mixing should weuar respiraters os o health precaution.
12. Sofety shoes of o type which are both conductive and non-sparking should be

worn by operators,

13, Conduciive flooring should be employed if possible.

14. Operators should be instructed thal, in cose of fire, théy should walk out and
close the door of the room until someone in authority armives to take charge,

15. Aluminum powders should be stored only in sealed drums and apart from other
mater_als, especially oxidizing agents or easily oxidizable substunces.

16. Only dry sand or Underwriters™approved exlinguishers should be used on

alumipum powder fires,

17, Care should be taken to prevent foreign substances from getting inte oluminum

powder.

18. Building counsituction should follow the recommendations of the National Fite

Protection Bssociation.”

19. In general, it is advisable to follow most of the precautions usually observed

in the handling of explosives,

MIXERS AND PRESSES

Muchinery wused in mixing and
pressing  operations  should  he
eyuipped with outhoard dust-proof
hearings, which <hould be kept well
luhricated.  Dxcessive temperature
rise m any parl should call for un
immediate shutdown. 1 a shaft or
olher part should freeze ou a bear-
ing surface, no gitempl should he
made te laosenn the part by Jforce,
saeh us by a hammer hlow on the
shaftl, as long as any igpitible ma-
terial is in the room. Mxposed ring
vears or bevel gears =hould be pro-
tected  from  aluminam-powder-von-
taming muberuls, hbaeral applieations
of o heavy grease minimicing this
danger.

The eclothing worn by plang em-
ployees should be kept clenn and
free from aluminum dugt by fre-
aquent washing. Many coneerns sup-
ply shirts and slacks 1o both male
and female employees, the Slaeks be
ing made without eunffs. There is o
possibility of danger when emplovees
wear  thelr work clothes to their
homes hefore ehanging. For exam-
ple, a spark from a eigarette may
casty ecause {alal buras to a person
whose elothing is filled with the dust
of a pyrotechnic mixtwe. Owing to
the possibility of static charges, silk
and sillclike materinds should 1ot be
worn at work by employees.

The ideal arrangement in locher
rooms for employees 5 to ase a
double Jocker system with an ioter
vening shower or washroom. With
this method, a locker is provided
for each employes at esch side of
the shower or washroom. The em-
ployee removes his work elothes and
places them in the work elothes lock-
er, then takes his sbower and con-
tinnes lo his second leeker on the
other side of the shower room where
le secures hig street elothing., Thus
his work clothes locker is aslways
available for inspeetion hy company
officials or for the vemoval of soiled
elothing for replacement with elean
elothing.  As previously mentioned,
spark-proof and conduetive shoes
should always be worn by employees
in the loading and mixing areas.
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