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Note on spontaneous heating and ignition in iron pyrites
by

P. C, Bowes

S umma.

In response to an enquiry on the risk of spontaneous
heating and ignition in finely divided iron pyrites a
review has been made of the relevant information available
in the literature. Vhile heating is certain to occur
its severity camnot be predicted in detail.

Introduction

In response 10 an enquiry an the risk of spontaneous heating and ignition e
finely divided iron pyrites a review has been made of the relevant informatio:
available in the literature.

Nature of me.terial' and reactions

Iron disulphide,PFeSy,” oczurs naturally in two forms, pyrite and morcasitepwiinn:
differ in crystal structure, Except where a distinction is necessary the
word "pyrites" will be used in this note to cover both forms,

The occurrence of spontaneous heating in pyrites is dw to atmospheric
oxidation of the pyrites with the fomation of ferrous sulphate and sulphuric
acid and with the evolution of heat, at a rate which is apprsciable at ordinary
. temperatures, Ferric sulphate as a product of pyrites oxidation in a coal
seam Was observed by Sinpatt and Simpkin '’ , but this was unusual as coal is
apparently nomally capable of reducing ferric saltse Wimmill ¥ gstates that
forric sulphate does not occur to any extent until all the pyrites has been
oxidised, gince ferric sulphate, in slightly acid solution, is reduced to
ferrous sulphate in the presence of pyritess It appoars to be generally
accepted that the main reaction in the presence of air and moisture may be
represented as follows:

: 2'6’e82 + 21{20 + 702 = weso&_ + 2H2301‘_ .--toioo-ocoooo.ocooo000(1)

Burke and Downs 1'hiave cbiained evidence that the reaction may cecur -in two
stages: '

Fesz + 302 a FBSOI'_ + mz ' . .ocooo.coo'cocoooo-oooooc(z)

2302 + 02 + 2H20 = ?'HZSOL R . - ....'..-..o.ooouov..!"..(j}

3
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The first stage, which is slow comprred with the second, occurs in dry
air and leads to an accumulation of ferrous sulphate on the surface of the
pyrites which eventuglly retards the reaction; <this retardation was also
obgserved by Winmill ¥, Ivon Graham noted that as soon as =ll moisyare
was used up the absorption of oxygen by pyrites prectically ceased ',

Oxidation of pyrites to iron oxides and sulphur dioxide only becomes
apprecieble nt high temperaturese TRuiss et al 7 found that the rate of
gsulphur dioxide production increased rapidly es pyrites was heated above
34L0° - 36000, These authors found ignition temperatures for pyrites which
voried between 330° and about 450C; the lower values occurred with samples
of small particle size and in the presence of incr%asing amounis of copper
in the ores Cawley, Carlisle, King and Kingman 16 ohtained ignition
temperatures of 410% and MO respectively for coal pyrites and commercial
iron pyrites.

Continued oxidation of pyrites at atmospheric temperatures accompenied
by leaching by water results ultimntely in the formation of limonite,
ieee Iydrated ferric oxides

Heat Production

. Using the value 42,5 K,cal per mol for the heat of formation of pyrite
(Lipin, Uskov and Klokman 3), and tebulated values & for the other substences,
the calculation by Parr and Kressman 9 and Winmill 5, of the heat evolved
in reaction (1) is revised to 296 K,cel per mol of pyrite oxidised; which is
equivalent to 3.8 cal per cc of oxygen at N,T.P, reactings If the ferrous
sulpinte produced is fully hydrated (FeaS0p.7H 0) the corresponding values
for the heat evolved are 316 K.cal per mol o% pyrite and 4.0 cal per cc of
oxygens,  Winmill 6 obtained, experimentally, a value of 4.5 cal per cc of
oxygon reacting,with an error of + 0.3 cals

For marcasite the heat of oxidation will be greater by 546 Kycal per mol,
which is the heat evolved in the transfomeation marcasite-p pyrite 3.

Most of the heat of cxidation appears in the stage represented by (2),
the oxidation in dry oir, for which the heat evolved is walculated as 244
K,cal per mol of pyrite.

Winmill 6 points out that the heat produced per cc of oxygen used in
the spontaneous heating of qrites is twice the value he obtained for the
spontancous; heating of coal '2 ond that, since the specific heat of pyrites
is about two thirds that of coal, the Llow temperature oxidation'of equal
weights of pyrites and cal; by equal amounts of oxygen, would raise the :
temperature of the pyrites by three times as much as for the coal, Winmill
does not give the specific heat values on which this estimate is based but
tabulated values, vize 04118 ¢2l/g/C for pyrites 4 ana 0,27 0al/g/C for wu

bituninous coal with 5% moisture mntent 13, indicete that the ratio of the
pyrites and coal temperatures would be nearer four than three,

Rete of oxidation

Winmil1l 6 found that slthough samples of pyrites of different origin
oxidised at different rates in the massive state they tended to oxidise a%
the samo rate when reduced to fine powder. Results on different sieve
fractions indicated timt the rate of oxidation is proportional to the pyrites
surface exposed, or, as was later found by Li and Parr 2, approximately
inversely proportional to the particle diameter.
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Information on the relative rates of oxidation of pyrite and marcasite
is conflicting but Li and Parr 2 found that similar sieve fractions of each
oxidised at about the same rate} marcasite tended to break down more readily
with the production of fine particles, thus facilitating its oxidation,

For the temperature range 30% to 60% Wimmill & found that the rete
of oxidation of pyrites doubled for each 10%C rise in temperature, ILi and
Parr 2 gstate that the rate of oxidation is directly proportional to the
temperature, but.it is not easy to reconcile this statement with their
published curves for the oxidation of pyrite and marcasite at 25% and 100%,

The rate of oxidation Was found by Winmill © 4o be directly proportional

to g._e e roentage of oxygen present in the gas phase for the range 10,6% to
89. O

For pyrite in coal Li and Parr 2 found that oxidation ocourred most
rapidly in a stream of air or oxygen which saturated with moisture and when the
solid had a high moisture contents For example, in a stream of laboratory
air of unspecified relative humidify the oxidation of available sulphur reached
a stationery wvalue of 2% in about two and a half weeks, the rate having been
relatively small since the end of the first week, while in saturated air the
oxidation was sbout 5.5% at the end of two and a helf weeks and was still
increesing at the rate of about 2% per week; in both cases the moisture
content of the solidwas 10.Fe

Sponianecus heating and ignition

Most investigations of the spontaneous heating of pyrites have been
directed to the determinstion of its role in the spontaneous hea.t:il,ng and
ignition of coal; this work has recently been reviewed by Scott ! in reletion
to anthracite mine fires, Although pyrifes is not necessary for the occurrsnce
of spontaneous heating and ignition in coal its presence will agsist thoe
process and it my sometimes be the primary cause 1 p although a considerabla
gquntity in a finely divided state is likely fo be necessary °,

The self heating of pyrites placed in heaps either for storage or; as
formerly, for the manufecture OE c?gcentrated sulphuric acid by weathering
of pyrites has long been known ¢ 'V; and the heating arising from the
oxidation of iron sulphides in spent oxide from gas purifiers is a known fire
hagzard, Pyrites in the finely divided state has a reputation for being
hazardous 8.

It is evident, from Winmill's work 6 especially, that, under conditions
suitable for unretarded reaction, finely divided pyrites would present a
greater fire hazard from sponganeous ignition than does coal, Assuming the
heat loss to be zero Wimmill © cglculated that a sample of pyrites could heat
from an initial femperature of 30 %o 90 in three hours, while an average
oxidisable coal would require forty eight hours under the same conditions,.
However, the presence or absence of water is likely to be decisive for the
occurrence or otherwise of dangerous heating in practice, Thus, although
most of the heat availadble from the oxidation in the presence of moisturas
is evolwd in the reaction in the ebsence of moisture, the rate of heai
production in the absence of moisture mey be too low to cause an appreciable
rise of temperature in a mass of pyrites unless the heat losses are very smnll,

Records of detailed observation of fires associated with the self-heating
of pyrites are few in the literature, Brown 1% doscribes experience of fires
in the Huelva pyrites mines, Spaines The ore in these mines consists mainly
of cupreous iron pyrites, which consists of an intimate mixture of iron pyrites
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and chalcopyrite (CusS.FesSz), occurring with zones in which the chief copper
mineral is chalcocite (cu;ﬁ Fires occurred either in zones containing the
softer and more readily oxidised chalcocite or in primary ore which was either
unusvally soft or which had been moved or tad fallen naturally; <fires weuld
breck out several weeks after such a fall. FEvidence indicated that the primary
cause of the fires was the exothermic oxidation of the fmctured minerals In
the absence of cambustible material, such as timber, ths femperatvrs would

rise until sulphur dioxide was evolved. If timver was piessent, end if the

eir supply wos adequate, the timber would eventually be igrited and cause a
"sudden" outbresk of fire; in a limited supply of air the timber was riduced

to charconl which would ignite when exmposed to air during digging~out ororations
in the fire areas Fires also occurred in heaps of breoken mineral ari it was
noted that heaps of lumps were more likely to heat than heaps of Tiusagy
presumably because of reduced air access to the interior of the latier,

Control of the fires was difficult; flooding, mining out, and cooling
by copious forced ventilati~n were employeds In opening up on area which
hed been flooded the fire was apt to breek out againe Cooling by ventilation:
was effective only if large volumes of air could be passed at a high rafe,
otherwise the rate of reaction was merely increased, It appears probable
that provided the Yemperature is below 1009, forced ventilation will be effectiva
by virtue of the removal of moisture and retardat:.on of the reaction as much

as by cooling,

Investigntions on the causes and control of fires in pyrites mines
have been carried out more recently in the U,S5.S.R, 9, 15,

A Ruiss et _al studied the oxidation of pyrites mainly at hiph femperaiures
but, to a Iimited extent, also followed the self-heating of pyrites from abous
35% in on adiabatic furmace, - Self-ignitior fromlow ignition temp refurce wac
not reproduced. It was concluded that the oxidation of pyrites, partlr..ularw
in the finely divided state and in the presence of amall amounts of water,

is accompanied by a rapid rise of temperature; but this does not continus

to the ignition temperature of the pyrites because of the greatly reduced ra s
of oxidetion of dxy pyrites. These authors reproduce some graphs of Miamav
vhich show that meist pyrites heated from 53°C +to 90°C in sbout 75 mmu-\sg
whereas dry pyrites heated from about 48°C to only 53%C in the sams perio 34
experimental details are not givene They suggest that mine fires coulé ba
caused by the self-heating of myrites dust in contact with wood hyd.roly:-.eA

by acid mine water; stat:mg that hydrolysa.s of the wood can lower its iganivion
temperetuwre from 280° 290% 4o 200°%,

Discussing the control of fires Ruiss et al sey that carbon dioxide
can be used for small fires,

Conclusions

The information obtained leads consisiently to the conclusion that
freshly pulverized iron pyrites will certainly heat if accunulated in bul--,
€.%e stored in hoppers, to vhich air has access, and it may preseni a greaior
hazard than pulverized coal, If the pyrites is free from moisture the risk
of dangerous heating may be considerably reduced but it certainly cannot
be regarded as non—existent. There should be no wood or other combustible
material in the hopperse

I% is not at present possible to wredict the size of pile for dangsrous
heating 40 occur or the safe dimensions for storage hopperse The fire
hazard in any particular storage system cen only be gauged by careful
observation of the behaviour of the temperature
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If heating is found to be sufficiently great in storage hoppers to
require counter measures it is suggested that. these may consist of one or
more of the following:

1 reducing the amount stored,

2 reducing the periocd of storage,

3¢ filling the hoppers, or at least diiuting the contained air, with
inert gas, e.gs flue gas or carbon dioxias. :

Cooling by ventilation, if at all practicchble, should be trisc only with
great caution, It has been noted that heaps of finely divided pyrites
tend to heat less readily than coarse material, consecuently thsre ig liksly
to be a wide range of air-flow rates within which ventilation will increuao
the heatiing,

Attempts to control the heating by sealing the hoppers mey be difficult
since, in the oxidation of dry pyrites, three volumes of oxygen are used in
the production of one volume of sulphur dioxide which, in a closed hopper,
will lead to & pressure reduction of two fifteenths of an atmosthere, i.z.
about 2 1b/in2,
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to those observed in pulverised coal plant,
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