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Introduction:

Intercst in the subject of frictional sparking has to a great extent been
stimulated by fear of the ignition hazard with which this phenomena has
been associated. This particular hazard has been studied extensively
in connection with safety precautions in mining. Incendive sparking in
mining has occurrcd from sliding or impact frictional forces between
magnesinum/aluminum alloys and rusty steel surfaces, The thermite
reaction which results from the combustion of the metals in the
presence of oxides provides the energy for spark ignition. In con-
trast, sparking causcd by metals rubbing on an abrasive suvface such
as a grinding wheel, while still capable of producing ignitien, is much
less intense without the benefit of o thermite reaction. Ordinarily,
very high energy forces are required to produce incendive sparking.
Such a situation occurs during a crash ov wheels-up landing of an air-
craft on a concrete surlcco,

NASA(I) and later NRL(Z) have shown that frictiona) sparkiog under
these conditions presented a serious fire hazard. Frictional sparks
caused by dragging titanium and rmagnesivm specimens along various
runway surfaces were shown to be capable of igniting fuel sprays at
relatively low bearing pressures {23 pounds) and specds (20 mph).
Fortunately, aluminum, which is the metal most comrnonly used in
aviastion, was found to be safe from spark ignition. However, with
the increascd usc of titarnium proposed for the SST, the importance of
frictional sparking to the overall problem of fire protection has now
become one of major concern and has assumed a new dimension. Thus,
a necd for conducting a study of the problem with the prime objective
of minimizing the danger arising from the use of titanium is clearly
indicated from past experience.

In addition to the possible use of less or non-sparking retals, the
effect of the runway material and its condition on sparking neecd be
considered. For ecxample, NRL has atltempted to reduce the possibility
of spark ignifion by covering the runway surface with a foam blanket.
Althongh this was effective with steel, and to a lesser extent with
magnesium, however, with titanium the ignition hazard still persisted
because of the very severe sparking potential of this metal. Various
other methods' "have been proposed for reducing the sparking hazard,
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dine the surlace of titanium with a non-sparking material such as
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aluminum or plastic.



Discussion:

For sparking to cccur from frictional contact between two bodies,
the right combination of mechanical and chemical factors must be
present. Gerstein and Allen (4) in their report on the 85T fire protection
have listed fifteen factors which may affect the occurrence of incendive
sparking, Only a foew of these factors need to be considered to evaluale
the sparking potentizl of any given metal., The mechanism of sparking
in brief occurs as follows: (1) Abrasion between contact surfaces causes
small particles to be detached and releaszed in the air as a dust cloud;

(2) Frictional cnergy imparted to the particles raises the temperature
to their ignition point; (3) At this temperature, the heated particles
react with oxygen to burn, thus releasing the heat of combustion of the
metal and thereby increasing the intensity of the spaxking, The signi-
ficant properties of metals with regard to their sparking potential are
listed in Table 1.

The most hazardous metals as shovn in the table arce characterized by
their high degree of cormbustibility and low ignition lemperatures, The
U. S. Burcau of Mines 7/ has determined the explosibility of metal
dusts in a heated oven and by electrical sparks., On the basis of the
test resulls, metlals were graded under five differcont classifications.
They are: severe, strong, moderate, weak and none. This classifi-
cation is significant in that it applics to the sparking potential of metals,
For example, only the metals listed in the severe and strong groups
consisting of aluminurn, magnesium, titaniwm, zirconiuim, uramium,
thorium, ivon carbonyl, plus alloys and hydrides of these ructals, would
be expected Lo produce spavks. Melals such as nickel, zinc, copper,
lead, molybdenum, manganese, antimnony, tungsten, berylliuvm, efc,
listed under the weak group would not be expected to nresent a sparking
hazard. Because of the lack of sufficient brittlencss z:1d hardness
properties, not all materials assigned a severe or strong explocibility
rating would necessarily present a sparking hazard, A prime example
of this is dlummum which is normally a safe metol. This metal instead
of abrading to form a cloud of dust particles smears on a rough surface
such as grinding wheel or concrete,

A literature survey to obtain basic information on the nature of the
problem of spark ignition was undertaken. The majority of the references
quoied below pertained to work conducted by the Safety in Mines Research
Establishment of Great Britain.
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d has shown that many of the metals melt

strips of metal an
before reaching the temperaturc at w“lcb they ignite and bu



These metals include aluminum, niclkel, copper, zinec, lead tin,
molybdenum, etc. which arce known to have either a low or no spark
potential,

2, Bowden and Lewism) have shown that the beat rcleased by burning
metal particles was the major factor in spark intensity. Ignition by
hot spots on metals resulting frorn sliding friction is not considered
likely becausc ol rupid heat transfer in metals., Briftleness of the
metal as an essential factor in sparking is emphasized,

(8)

sparking hazard of magnesivm, Aluminum and plastic coatings
applied to magnesium, although cffcctive, were not considered
practical when the metal wae subjected to rough handling,

(9) (10) have obtained incendive sparking from
the impact of one gram stecl balls striking sandstone, The natuve of
the abrasive rock surface was found to be imporiant. The possibility
that highly reactive materials such as azluminum may react with
oxides in some rock formations - similaw to thormite reaction - is
suggested,

3. Margeson has investigated the use of coalings to alleviate the

4, Titman and Wynn

5. RELG(ll) has shown that relative humidity of the air from 15% to
85% is withbout any apparent effcct on the spark ignition produced by
the irmpact of light alloys against oxide coated surfnces, Suppression
of spark ignition was not obtained by weltiny the confact surfaces,
Wetness of the surfaces increascd the ignition hazard of aluminum
and reduced that of magnesium, The incendivity of titanium sparks
was found to be practically identical to that of magnesium, although
the sparking mechanism is quite diffciont in the two cazes, Magnesium
does not form discrete pouticles when ebraded a2s does higher melting
point metals, Instead, magnesium ignites as a vapor cloud almost
instantaneously while titapium generates a shower of incandescent
particles with a comparatively long life before these finally explode
and flash,

6, Rae(lz) has shown that steel, brass, aluminum, but not zing,
striking an aluminum smear on rusty steel are capble of producing
incendive sparking from the thermite reaction between aluntinum and
iron oxide. Surface temperature of 750°F to 1100°F are requived to
initiate the thermite reaction. The low rmeliing point temperatore of
zinc prevents the cccurrence of the thermite reaction which could

produce isnition,
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7. Rae and Nield(lg) have shown that the incendive sparking of aluminum
is largely dependent on its mechanical properiies. Increzsing hardness
of the alloys while maintaining the same ductility gives rise to greater
sparking potential., Aluminuwm alloys containing zinc, copper and silver
with move than 50% of aluminum are still capable of producing spark
ignition when sliding over rusty steel. Alloying non-sparking metals

to aluminum is not considered practical for alleviating the ignition
hazard of this type of metal. ‘

8. Rae(l4) bas shown that the cause of an oil tanker explosion could

have been {rictionzl spavking resulting from a brass object being dropped
on a magnesivm block used as an anode, However, no ignition could be
obtained with a clean magnesium surface, It was surmised that the ship's
magnesium anode material was contaminated with sufficient oxygen
carriers to produce a thermite reaction,

15
9. Hilj( !
under high temperatore flight conditions., When heated in an atrmosphere

has studicd the possibility of igniftion and burning of mctals

of oxyzen or when heated in air and plunged into a supersonic airstream,
titaniwi, ivon, carbon steel, and 4130 alloy were found to have spontan-
eous ignition temperatures in the solid phase helow the melting point of
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the metal., Inconel, copper, 18-8 stainless steel, monel and alum

did not igwile spovlaceoasly i the solid phasce., Megnesium ignited just
above the melling point. Titavium burned in nitrogon,

10, Nagy(lé)
methane/air mixtures vas easily obt: ived by sparks
friction (12 to 30 psi load and 12 to 94 fps speed) of s
rotating sandstone, shale against rotating sandstone, and sandstone and

has shown in grinding whecl experiments that ignition of
gencrated by rubbing
andstone against

shale against rotating sicel. Ignition sparks were not obtained with the
steel specimen stationary and the sandstonce wheel rotating. The quartz-
bearing sandstones present the greatest {rictional hazard, Metal to
metal contact is less hazardous than metal to rock contact,
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With the knowledge now available, means for reducing the sparking
potential of titaniurm in aircralt to a safe level during a crash land~
ing does not appear very promising, Unfortunately, titanium, along
with magnesium, exhibits ¢ rmost severe casc of sparking pofential
and ignition hazzard of any of the more comimon metfals., DBecause of
the tremendous impact forces and high speeds represented by an
airplane crash on a concrete runway when compared with laboratory
test conditions, the spariing potential would be very much greater
than that demonstrated in past cxpeviments, Therefore, only a very
drastic reduction in the ability of titanium {o produce incendive spark-
ing would alleviate the ignition hazard, New alloys of titanium suit-
2ble o aircrall would not, it is belicved, he expected to reduce
sparking to acceptable levels, Coating or cladding titanium with a
plasiic or non-sparking :motul would provide only temporvary relief
from sparking becavce of rough usage and would not be practical on
thin gauge titaniurn sheet metal., The other approach to the problem
of spaxk ignition, that of reducing the abrasive action of the vunway
surface by new ruaterials, has not as yet Heen considercd, A less
abrasive covering malerial cn a runway, sudh as as,” a1t withoot
agoregates, would, no doubt, grratly reduvce {(he sparking haw. od,
Also proposed is the use of a plastic covering for the runway, such
as vinyl, which when decomposed by fvictional heat would liberale
chlorine gas or other extinguisling zgceats to suppress the ignilion
of the fuel/air mixtures, Foaming and weotiing the runway suriace
to reduce spork intensity by cooling has pot pruved completely effec-
tive in eliminating the ignition hazard iu tests already conducted by
C

NRL which were intended to make crash landings safler,
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