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PREFACE.

A

In till- aiitiiinii of 1')()6 tlu- ("anadiaii (iowninK'nl lliroiiKli iis Depart-

ment of Mines then the "Cieolonical Survey of Canad.i" innlertook an
fxteniled stu<l\ of ilie fneK of the Dominion; luit inasmuch as tlie

( "lOviTn-

mcnt (lid not at that time possess stiit iliie fm-I testing lahoratories. and
a (•()nsiderai)U' amomit of research work had airead\ liiiii done li\ the

Minin^j Dep.irtment of Mi ('.ill I niverNity, the .iiilhor was invited to tindir-

taki' the larger investis^ation.

The main results of thi' above nuiitioned work have Keen piiMished
1)\- till' Mines Uranch of the Department of Mine-. imdiT llie title of "The
Coals of Canada, An I'.conomic Invest i^'at ion () vols., Ottawa, 1'J12-1,V"

This report presents, in jjre.it detail, a statement r)f the coal and lignite

rei-ources of lln' Dominion; a description of each of tlii' important mines
operating; at the time; and the results of an extended serii's of e.\i)erimental

tests, on a semi-commercial scale, in coal washing, (okini;, steam-raising,

and power jjas priMlucinj;. Kach of these sections was prepared by a (oni-

pi'tent specialist, and contains a iri'iiiTal discussion of its subject ; a ti'ciinii al

(kscriplion of the tests made; a smnmary statemi'iit of the results of these

ti-is; and an ap[)endix tjivinK full details of each experiment. The report,

as a whr)le, then closes with a si'ctioii devoted to the chemical methods
emplo\ed. and tlieir ri'sults.

In the above mentioned report .itlenlion was dr.ivvn to the fact that

many coals oxidi/e rapidly in storat;e. and ari> li.ible to serious di'terioration,

or even destruilion. Circini'.stances did not permit of ,in extended study
of oxidation as a part of thi' original ii.vcstisiation ; but the matter is es-

(jccially important in Canad.i where climatic conditions tiecessitati' the

storage of larjie anioimts of bituminous co.il al centr.d distribution points;

and since the completion of the main report, the .aliior and certain members
j)f his stall have carried on a siries of lalxjratory studies of the oxidation

of coal at low temperatures. They h.ive, nioreovir, tuade a studv of

the practic.d problem of co.d storaiii'. b' at thi^ mines and in Montreal,
and also in other cities. These invest .lions luivx' been by no means
exhaustive, ami no verv novel conclusions have been drawn from them;
but their results seeiu worthv of publication as .i contribution to the liter-

ature of an important and dit'hcull subject.

In a<ldition to presenting reports on his own work, as above, the author
has attempted in the present volume to bring together and summarize
the more imi>ortant writings of other investigators, and to present a some-
what extended discussion of the whole subjict of the weathering of coal.

He recognizes to the full the ditliculty of his task and the imposs.oility

of dealing adec|uatcK- with it; but he hopc:^ that hi:. Work will be of value

to future students and investigators.

mtm



riu' liicMtiirf ..f ilu' Mil)jiMt is volumiiKuis. Imt sciti.-rnl, .md often
fniKiiuniary aii.l (.)n(li(|ill^;, ,,n,I suiiif .,| ilu' ni..st itnport.inl ( niuriluitinns
an' in I rciK li or (..rinan <,r arr in raff hooks and luriodicals. The prrsmt
work, wl.i.l. has 1... wrilti'M in ilu' snare hours of a l.iisv h'fe. makes no
prelcnsion to liein^ a complete review of this lil.ralnre; Imh it is l)eii..ved
llial nearly everylhinn of iniportame has i.een inehide.l, and, in the ease
"I nia((essil,|,. or Nery important articles, full ahstr.iels. or even extended
'luoi.iiioiis lKi\e lieen made, wiihoiil hesitation.

In(losinv,', the author wishes to ackiiowiedKe the valual.ie and most
ioy.d ,nd of his sever.il research .issislaats, whose n.mies appear with his own
'-n the titK' pa^'e. He ;ilso wishes lo express his indel.ledness to, and ad-
miration lor. the work of numerous investiKators in the same field, li is
nnpossilile to n.tnie Hum all without repe.itinR the l.il.lioKraphv; hut
especial relerence must he made to the work of Dr. |. S. Ilaldane, T. R S of
•Kfonl InivvrMty, l-n^land; IVolr-~or W. S. j'.irr of ihe I'.nKineerinj.
I.xperiment Station of the Iniversily of Illinois: .ind Dr. H. C, Porter of
the liiited States Hureaii of Mines, and to tin rese.irch chemists working
uiulir their Kui'l-mce.

Mc(iill riii\ersit\-,

Decomher 18, 19U.
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CHAPTER I.

WEATHERING OF COAL.

INTRODUCTORY.

t.l.M KAI DIM I ssloN

('(.,il h,i> Ihcii in u>c in l-nr-ipc lor nc.irK . ii:lu hiin.lrxl vr.ir-. .iiid li.i,

artuallv liciii shipped hy mm from Ntwi.istif to l.onilon .irnl lo I V.iikc
t'vcr since till' liinr of Utiiry III (1257), lor eeninric-, ii lias lieeii know n
thai some ((lals are lialile to heal -.pontaneonsU and e\en i.ike lire imder
fiTtain (oiidiiioiis Ix.th in mines and in sioraye, lint imtil comparcitively
recent years these facts iia\e only lieen of praclica' ' Doriancc in con-
nexion with tile mines, wliere sponlaneous lire:, iia\e i..-en •oiinted anions;
tlie tronl.les to lie faced ever since coliii ries of consider.iMe si/e lia\e heeii
ojurated. The second (,i,e, that is lo sa\ , ileal in^. in slorajic did not ul

course liecome a matter of practical iniportaiu .• until the de\,!opmeii- of
steani>!iips, railwav s .incl steam driven manafac lories jti, I hefore tin middle
of the last century rendered it necessary to e^iaMisli coaling slat ions at all

im|)orlanl ports, and to carry c c.n-.ic|eralile reserves of coal al all railway
and industrial centres. The tir-i piiMic interest in ihe matter w.is in con-
nexion with the sending out of coal in carno lots l>y sailing ships to naval
stations. Such carn'K's often caiijilit tire, particularly in the c,i,e of lonu
vova^es ihroiiKh the tropics, and in clue course ilie nimiher of colliers posted
as "missing" attracted so miicli aiiciiiion thai a Roy.il ( onimission on
Coal ('arsicn's was ai)pointecl in laiuland in \S7(,. Since then similar coni-
niissions liave I.een cre.Ued in oilier countries, and tlie sulijec t h.is ,ilso

been sliicliecl \,\ ,i very lar^e niimhc r of ie.irned Micieties and priv.ite in-
dividuals.

In still more recent years another aspect of the dimcnlty has become
imporiani. Tin industrial use of coal and the piililic dependance upon it

h.is increasi-d and extended imiiunsely, and with this li.is come llie necosity
of storing ureal c|u.intitics of fuel as a precaution aK.iinst strikes of miners
or iransport workers, wliicii mi).iit otherwise result in induslrial par.ilysi>
and acute pulilic- distress. i;very iiianul'.u turitiK c sl.ihlisliment niu>I
now c-arry .i (onsider.ihle emeri;. iicy sup|)ly of coal, and in tlie case of pul.lic-

service corporations such as railways, steamship lines, ^as work,•^, eir.,
the supplies now stored are often sufhcient to last laany niontiis.

In Caiiacla the im.hlem is particularly serious, for in addition to the
conditions aliove stated there is another important economic reason for
storing very laine (|uaiiliiies of luel. The coal tlelcKare, ^..iierallv speaking.
in the extreme east and almost the extreme west of i!ie country, and
2
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l.iruf iiiiiiiln r ot nitii III .mil |iri\,ii( iiivrsiin.iiKiii*. | /iitiim ilir l.i^t ilir«f

<ir (iiiir Nfaf. in |>,iciii iil.n ,iii r\i « |)ii..M.ill\ l.it^c iiiimlHr ..I i«rsi.tis h.ivr

iK'fii .11 w >rk .mil sd.ris ..I |M|nr<. Ii.im' Ihtii wriiirii: Imi tlir pruMi iii is

!«« of fxin'iiir ciiinpliAiu .iiiil liir khmI iii.iidrilv i.f ijir invt si iu.ili.nis

wliii h h.ivt thii>. |,ir li«t ii ( ,irtii<| mil m.iv !«• I.HikriJ on ,ix .iiltiiipis ii> snnlv
>.|Ki itir .is|M< Is i,\ the ,,|M- r.iilur ili.ui iimIimI with tiir in.iitir .is ,i ulmlf.

riu- lliHsi ini|iMrl.inl of tile c.irly iiiM-.|ik;,ilioii, of llir JHli.niour of

(•0.1I ill sioMKc Wit. i.iiiiiil mil hv I'.ivoP .11 » ommcniiA in I r.iiuf. Hi-,

rtjiori uliirh ,i|i|ii .m i| in IMTS is full of \.ilii.ilili- inloriii.iiion, l>ui iis most
8.ilit I fciuirc is ihr rum |iisi\r prinif ili.ii win n .1 pile of < oimmnirv 1 o.il

iiiiilir onliii.irN I i.iiiiiiimis h.is .ni.iimil .1 nii.iiii (rniipir.iuirf 1.1I.0111—Hill t .1 M iUm," ! ' rrr ^rlf-propilliil oxiil.iiinn licyiiis. jlic inlliHnccs
wliii h Iiiiil III r.iisf ihi uiiipri.iliiir of ro.il lo this |>i>iiii |i.i\c (iiKa^iil ilic

allinlimi ot .ill iii\ isiiv.ilois of spnnl.im oils roniliiis|ii>ii sim c laxoi's
liiiu'.

'I'Ih' senior .luilmr of (lie iirisiiii Milimir li.is lucn iiucrisinl |i,r scMr.tl

yrars in ilu' parlinihir prolilfiu of \U,- s.ifc siuraui' of .\ii\,i Si oiian loal,

and III this cnil has i i.niliii inl a mimlur of pr.uiii.il i\p< rinunis iioih in

MonlriMl ,111(1 .11 ilu iniius. Iff li.is, fnriim.iiiK , also litrn alili' to .isvij^n

the sulijiTl for four \c.irs in siii i cssion looiifor .iiioilurof his ilcparliiunt.i!

riMMn h assisi.inis, ami ihiis to i.irry out .1 cmisiilir.ililr .iinmini of fx.irt

l.ll)or.ilor\ work mi ctilain Ic.iliirts of mal o\iilalimi. All of this ori^;inal

work is, howrvcr, liiil .1 fr.i-lion of wh.it will h.uc lo \k- <lmu' litforr llu'

proMiin can lir considircd I'lnally solved.

This ixpcrimfni.il work iniisi, tluri'forr, he looked on nuTcly as a con-
triliiilion lo llic Keiur.il invcslin.ition th.il is hiinj; carried on throiivjhoiit

the world, and iindei ordinary circuinsi.imvs the acioimt of it should h.ive

been piililished as ,1 papi . in the Ir.iiis.iitimis of some snil.ilile lechnic.il

Sdciely. So much pulilic ii>* rest h.is, however, lieen .iroused of l.ile in

spent.meous comliiisiion ih ; I has seemed desiralile lioih to tlie Direcior
of Mines and the aiilh ir to altenii)t lo present in a sin^de vulunie .1 Kener.il

statement of vvh.ii is now known on tin- sulijeci, and a coiisider.iMe p.iri of
Ihe present work is, therefore, a review of tlu' most iiniiorl.ml p.ipers th.it

have lieeii pulilisiied on co.il we.ilherinK'.

The author h,.s tried to present this iii.iitcr 'n lo^^ic.il seijuenrc, and lo
si.lie the views of the siver.il writers as fairiv' .is possilile. .dlhoujrh In- has
not refr.iined from comment or crilicism when' either seemed desirable.
He re.osinizes, however, th.it his ess.iy is by no means.ibove rriticisni itself ;

the liter.ilure of the subject is very voluminous, and on the whole very im-
salisl.iclorv

, andall lh.it cm be el.limed for the present volume is that it is

i]^:tiiil.-ii aiir r.\li,-Tali,m..i, ,,.|c i.i lii.iiillp i!ip,w'e A I'.iir. I'.iri-.. IS?').
Till, work h.ts l,.-,-ii ri-viiw. .1 .ukI ;il,«tnu t.'d in Kiii;li,.li in tlie (..lluwinu inil.li.Mliiins
Ki'l"'" -New Si, mil W.ili^ i<i.\.il ( (,Miiinv.,inii c.ii ships larrvniu io.il. IH'IT.
Kiview by T.ir.-llall. J.iur. S,. . ( Ii.tii. Iii.l. \-,,|. is. li)(i<), ,,. ;(,,(.

ilii- tiiiii .imoi;.ii,,iis c.xicl.iinii n friqucntlv niisuinl.rsl, »i.l. .Vll n.it.inil cixiiliuicin is in ,i .,mi-.- ant.)-
t'rnoi!,, hut lor a,M .vhuh h.is l„.,.|, .„,r,.,|. thin- is solii,- |,.,rti,iilar U-iin„ niUin- for ,•:., 1, '..,"ii. !,l „ . ,,,.i .."l
^^cn ;:ar::i::;ar cor,.:. li-.i, .,1 iii.'n.,;, ..l„.v,. vvi,i, ii li,,- i.iu- .,i ,»\i,i.ui,,ii ,^ s,, r.iiinl that tin- iicat ol tho in t~« ii

I His matter will he consiilrrnl al l(iii;t!i in anollur part ut itiis hook.

-1
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of coal tiiuis totlu-lossof ox>K»ii and liydntucii more rai)i(lly ilian the other
constituoiits and ili.Tclorc, to the rihitive incnasc in the proportion of
carbon. The connHon elements in coal are: carbon, hydrogen, oxygen,
nitrogen, sulphur, piiosphoriis, iron, calcium, maKnesitini, etc.. the last four
or fi\e ustialK- occurrini; in small proportions.

Tlie-e elements .ire not merely linked up to form ,i few s|)ecitic com-
poimds. Many of the complex compounds, which existed in the pl.mts from
which the c. I was derived, would each form whole series of degradation
products during the slow tr.insformation into coal. In every specimen of
coal we j;et many comixiimds representative of some of the exceedintjly
ntimerotis i>()ssil)ilities in \\n- above series. There is no prima facie re.Kon
why any two different samples of coal shouhl be .dike in composition; lor
not onl\ may diffinnt i)lants have );one to form their substance, but .ilso

the mel.unorphosis may have followed different lines. It can thus be
easily tinderstiMxl that although a great amount, of work has been done on the
subject, very little is yet known of many of the actii.il chemical compounds
existing; in coal.

When coals are consumed, whether that deslruction be in the form of
slow decomposition such as we.itherin.u:, or more ra()id decomposition as
spontaneous combustion, or actual burning in the furnace, the .iction is

primarily the oxid.ition of the combustible matter of the coal, that is to
say (a) the coaly m.itter itself and (b) the pyrite. marcasite and other
sulphur comi)ounds which the coal contains. Other heat-giving reactions
may occur to a small extent in some cases, but in a praciic.il sense the
only combustible elements are carbon (', hydrogen H, .uid sulphur S.
Of these elements the carbon gre.itly i)rcdominates in healing value although
Its heat is l.irgely augmented by that from the h\(lrogen, or in other words,
the coaly matter proper provides enormously the greater part of the total
heat, but as will be shown Liter the pyrite and other sulphur compounds
are supposed by some observers to bi' the first to oxidize, and therefore to
play .1 most imi)ortant p.nt in the earK stages of coinbustion.

larger' says in an address to the l.iverp<M)l section of the Society of
rhenn'cal Industry, th.it lo.ils are conglomerates of f(.ur classes of bodies:

Approx. Composition and Calorific Value.

1. ( arbon residinim

2. Resins

-V Huiinis bodii's

4. IK'droc.irbons

("arbon Hydrogen Oxygen C'al. \al

, c . c c

96 2.', 1.* S , 7()5

79 10 11 9,1,?()

6,? 5 M f),4M)

75 8.S 2.S 15 12, ()()()

' .S,„-;rty of lli,-llliu.l iM.hl S'l.K XXXI. F.-hrinrv I'll:, p;.. Il.f.4l().



1. Carbon rcsiditrs ((mi.iin little vnlatiU' mailer; occur largely in anth-
raeiles and hard r<l(ani coals, and in hituininons coals to
a lesser amount.

2. /ifcv/w /W/Mconlain \ery litlli' hydroscopic moisture, melt and de-
compose between MH)°i' and 4()()°("; and below 5(H)°C
they \ield soft coke; heated aboM- ,S()()°r tliiA- decompose
rapidly, yielding hydrogen, hydrocarbon gases and hard
(oke.

These resin i;odiesaiid tluir derivatives, th<' humus bodies, are beliexed
by many authorities to play a major part in the spontaneous combustion
of coal. This matter will, however, onl\ be touched upon here as it is

dealt witii at some length in anotlier section.

Tiiere are two clas>es of these bodies (a) unsaponitiable b\- alkali, not
oxidizi^ble by warm air, and insoluble in pyridine; (b) soluble in [nridine,
sapop :,ai)le by alkali, and o\idizai)le to humus bixlies by warm air. Iiesc

are the bodies upon which Parr worked, using phenol as a solvent. He
sa\s that they are o\\genate(l compounds which exi "ii coal and can be
remo\ed liy phenol, and tiiat they are unsaturated, ai an take up oxygen.
Alter distill. ition the distillates are eipially active with respect to oxygen.
They have delinite melting points. The resin bodies are those whose pre-
sence decides the coking power of a coal: if too great a (puntitv is i)resent
the coke as it forms will swell and burst itself, just as sugar does when
he.ited: if excessi\ely resinous coals are lobe coked they should, therefore,
be mixed with some inert carbon.iceous substance such as cf»ke breeze.

The origin of these resin and humus bodies, and the part ihev pla>- in

spontaneous combustion is dealt with from the microscopical point of
view by l.omax.'

f'ayol classis coals which are liable to heal in the following natural
order: Lignite. Hiluminous, and Anthracite. I; can be readily under-
stood thai bilinninous coals containing large (luantities of easily attacked
resin bodies are the ones which generally heat most readilv; peatv lignites,

and some lignites themselves, also heat readily, but this fact is of theoretical
interest onl\- as they contain so much oxygen, water, etc., th.it t' ey keep
vcr\- badly, and ha\ing a very low calorific value there is little commercial
reason for storing them. On the other hand coals approximating to

anthracite resemble carbon more and more in their stabilitv when exposed
to air.

Dennsiedt and Miinz- ascribe increase of absorption of moist uie by
coal to the humic aciiU w liicli .ire gr.idually formed as oxidation of the resin

bodies proceeds. Theystate ih.it the last produclsof the reaction are mainly
humic acids, and the (piantity of these acids i)resent is, therefore, an indi-

cation of the heating tendency of a coal.

• S.imc r.i.iri.cr .10 ;:.\ ..n.. i;

= Zeitst:lirift filr ariK. C huriic. il'JOHi. V,,i. .15, |,p. lKi.5-JS.



Till' aliovc nu'iitioiuil risiii bodies arc pr(>iiiii,ilil\' tlioM' to whith Parr
and KrtsMiiaim' rifiT when they sjieak of the avidity of freshly mined coals

for ((X\v;en, which t;as eiitiTs into combination witii the unsaturated hydro-
carlions of the coal.

I'isclier- made use of the o\idi/ai)ilit\- of tliese resins ,is an indication

of the li.d)ilit\()f a coal to heal, lie heated a weighed s.imple with adetiiiitc

(|iiaiitil\ of an oxidizing ai;ent like bromine water.

Staiislield' draws attention to the similarit\- between the production
of acids ii\- oxidation of aldeh\(!es, and the production of a'ids lluimic) bv
oxidation of coal.

.^. Iliniins /i()(//c.v are similar in chemical composition to W"ood\- fibre,

they reliin a < nnsidiTable amount of water which is

oiih remoNcd al KKS'^C; ilie\- iia\e a lower percentaije

ol carbon than shown in tlie table (|). 5) as Ilari^er's

liiiiii'es are calcnl.ited free (if iiitro;j;en, ash and water.

l..ir;;e (|iiantiliis occur in peat ,ind lij,niites, lesser

(Itiaiitities in caniiels and i)ittintin(nis coals, an<lnone

in true a.nthracite.

Hoii(lr)iiard' worked on these bodies, and shows that the chemical

constituents of thi' lumiic substances obtained b\- extraction from coal bv
means of potassium h\(lro\ide solution, correspond with one or more of

the followini; fonmila-:

1. ('iJli,()„ I nerthelol and Andre)
-'. CdInO,, (MakiKUti)

.^. ('iJl„(),,

and that the effect of oxidizini; the coal is to diminish the jiercentage of

carbon, and increase the h\(lrogen and oxxycn content of the hximic sub-

stances.

Treatment with |.. ..ssiiim hydroxide, hydrochloric acid and Sch-

wi'izer's reagent completely (k'stroyi'd the cokini; pow , r of i coal, probablv
because tln^ celhilose-likt' substances were remoM'd.

Moiidoiiard also points out that ihi' huinic acids are ])rob,ibly the

carbohydrati's of the original coa' in a n>ndensed and poKinerized con-

dition, just as iHiKatomic alcohols, sugars, etc. furnish resins by treatment
with alkalies, acids, or by liial.

("heinically similar luimic subst.mces, artihcially |)repared, reseirible

those I'Xtr.icted from peat and lignite, which adds cre<lence to the theory
of the formation of coal aforementioned.

4. Hydrocarbons chieth- methane, occur in large (luatitities in some
coals, ethaiii' and higher paral'tins may also occur; but

these const iluen Is need not be further discussed here.

I I'liiv.rsiu nf lllinrii^ l.:xi). St,i. Hull. 4(i d'HIll,
' Dii- Mr.-inistiilTi- Diins. hluu'l*. tic. Hnuiiis, liw.ii;. I'lnl. pp. 1-11)7.

U"'l:- '. "'r
'''''"~ ••" '"'J- >-'!i. l-nii. ;.. v:i,. .,::.{ I .„,i,,,i ( .,i..,.i.,. \'.,;. vi, I'ai

• Hull. rl,. la Sm.-lc ( liimiqui". St. 4. \ iil. \'. I'KW. pp. .id.';, ,i7J. ,177, JKO.
Ciiinpti- RimkI, 147, p. UMd; I 4X p. JH4 Linil .!4H— li)()i).

PI.. ''.'-120.
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Fleck' (1865) analysed >ix roals wliiih lui'l wealliercd fi;r sonic \i'ars,

and noted a decrease in c.irhon and available ludroKi'n, accoinpatiitd \t\ an

iiuTcasc in oxy^{cn and non-(li>|)osai)lc ludroKcii.

Thompson- (1X05) noted that in six months a dr\ coal lost 1,^ ' of its

calorific \aliie, hut that il tlu' co.il was moist, the loss was nuich j^reater.

Reder' ( 1866) followed up (irimdmanti's work and iisini,' the same kind

of coal found small incre.isi' of weight, but no practical <han.i;es. In a

(lerinan coal he found a lo» of cahirilic \alue of about 4','.

Richters' (1868) concluded that oxx'^en was absorbed by coal, part

beinj; a^aiii jiivcn off as carbon dioxide and water while tlu' rest remained

in combination. He found ih.it tiie absorption was .it first rapid, but later

became \iry slow: lie tiioii^'ht tha' tiu' oiiK effect of moisture is to ilis-

inte^rate the coal when p\riti' is present.

Pechin'' (1872) stali'd tiiat iiiluminoiis and si'ini-bituiiiinotis coals

weather most sexiTeK', the former iosiiii,' 10 to 25 per ci-nt of its carbon

U[)on exposure to the atinospiiere. but lie ^'i\es no t"ij,airi's to pro\e his

statement, whicii is undoublidly incorri'Ct or rather very greatly exa^'-

jjerated.

Rothwell" (187,^) sa\s from his experiments that no losses were noted

in the cases of anthracite and bituniiiious coals, except when usinj; sm.ill

sizes of the latter.

The English Royal Commission" (1876) ascribed us com-

bustion to p\ rites, condensation of oxy^'en on the surface <,. tin il. and to

oxidation of the coal matter itself.

Haton'* (1878) sa\s the cause of heating lies in the combustible itself,

possibK' aided b\ till' jiresence of pyrites. He notes also that air must be

prencnt.

Kimball'' (187'>) discusses loss of cokini; [lower due to weatlu'rinj;, and

thinks the weatheriiiK of marcasite and (ivrite is of as much importance as

the weathering' of the coal itself.

Fayol'" ( IS7')) ascribes the main cause of heatinj; to the coal itself.

.Xdmixturi' of extraneous pyrites with the coal did not appear to hasten

the s|)oiitaneous heating'.

Adverse weather h.id no injurious effect upon the coal storetl in piles,

in so far as could be detecti-d.

(";.;.' piled to a depth of k'ss than two nutres did not suffer spontaneous

combustion.

' Die Sti-inkohl™ DcufK-lilanils. 1S6.S, Vol. 11. p. 2JI.
.\h4r. IVrry " I'u.'ls. !!<;.>. pp. J>)(l->.

" I.nn(lt»n Jduniiil of Arts. [unn iy<^^. p. .Ul (I*. aiiM K.)
' I.V) Ziit. Vcr.'in (lint-. 11. Iiii;. \ol. .\. IHftlj. p. 6<),H.

IH) Oi-st. Zi-itsrhrift fur Hem iiinl lliitKPii.. Vol. .\V. IXhT.
' DiriKllTS I'olv. lour. V ol. lUd; l.Hf i. .IW.
DinsU-rs I'olv. jour. Vol. lo.i; ISi..), ,,. . .SI and .104.

UinKli'rs Polv. Jour. Vol. I'JS; 1K70, pp. .(!.> an.l Ul.
'Trans. .\m. Inst. Min. Knt;. Vol. I. 1X72. ii. 2XS.
'Trans. .\ni. Inst. Min. Knu. Vol. II. \H7.i. iij,. t4.|.l.';2.

Kn>ilisli Koyal Coinn'is.sion. "Spontan'-ous Combu.stion c)f Coal in Ships." IK76.
' Kajii'ort cic la Coniniist^ion dOtudcs tifs t,-.oyens iiropre a l)rcv<*nir les f.tplosions (if nison; 1K7S.
'Tt,,i.-. An;. !n-l. .\!ir. Knu. Voi. Viii. '..-7'/. pp. iill jJS.
'"Etudes sur Talteration ct la coaihustion spontanee de la houille cxposce a I'air; 1R79.
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Durand' (IfS,^) tliMUijlit siionliiiU'oiis luatinj^' w.is indiiccd in coal piles

by till' p\ rilo piCMiii UrM (akiiij,' lire. 'I'lii» .i> .ilrc.uK cxpiainicl i^ an iilil

opinion wiiicli is no lonibiir iuld li\ llu' niajorii\ ot oliMTNtrs. Ii i>, liowcvtr,

no (lonl)l Inii' of sonu' coals.

Heideprin- ( 1'MI7) stored coal under water, and states that during scM'n

n-ainlhs it lost from OS' , to 8 5'
, of calorilic \.diic, llie los-es for coal in

the air are reporltd as luini; \tr\ little more than tlii>. i'liese results are

cotitrary to the ohserv .itions of all olliiT ixperimeiiters, and it is prol),ilile

that somethinsi wi'iil wroiij^ either with his s.implini; or hi> c.ilorimetric

work. Pos-ilily iiowixer, the coal tested was ahnorinal.

A German gas engineer (l')()7) is ipioted li\ I'orter and Ovit/'

as ha\iii,u cl. timed that he tound .i loss of 1 -7', of calorilic value per week
for line coal. This st.ilinient could oiiK In- true of a \er\ e\ccptional

coal : Inn it t\ pities a \cr\ pre\ aleiit and e\a.i;i,'er.ited opinion .is to the rale

of lo-s.

Fessenden and Wharton' i1<)(lSi daim thai ilu- percent. it;c of \ol.itile

mattt'r is .in iiidic.ition of the li,il>ilit\ of ,i co.il i.- he.it. This si.iiemeni

is only to I e t.ikeii in a \er\ broad Miise. It could not be trusted as bi-

iween .my iwn iiuii\idiial co.ils.

Dennstedt and Bunz' '1')(IS) p.isscd o\yi;en ilironi;li co.ils .it ele\.iied

temper.it iires. 'i"he\ found tli.it co.ils which h.i\i' 1k-iii thoroiij.;hly wet,

kindle more rapidK' than those th.il h.i\e bein kept dry: also they st.ite

that "self ignition incre.iso in a ratio correspoiidiniLC to the amount of

moisture in air-dr\ co.il." Thev further iioint out th.it coals which contain

the most oxxjieti .ire most li.ible to he.itin^', and describi' several chemic.il

methods of pri'determinin.i; the liabilitv of coal to spont;ineoiis combustion.

Parr and Hamilton' .md Parr and Francis'' ( 1<)()f<) stitdie<l the we.itlur-

inj; of co.il .md the ch.int;es which take pi. ice in coal when subjected to low

temperature distillation. 'I'luir conclusions will be (|Uoted later.

Parr and Barker" ilOOOi found that after mining, co.i! commenced to

absorb o\\ ljcu .it tlu' same {\mv evolving' methane; .md that after two

months all the methane had |)assi'd away, but .ibsoriJtion of oxyi;en con-

tinued.

Boudouard' (I'MW workinii; from the chemical side of the (piestion of

loss ot cokiiiji power, iM'oxcd the torm.ition of hiimic acids caused b\' oxi-

dation of the coal ni.itter and sliowcd that the jiresence of these acids is

ver\- (letriment.il.

Parr and Wheeler' (!')()')) experimented on the we.itherins.; of bitu-

minous coals from Illinois. Their report which covers a larj^e amount of

experimental work will be freely (luoted in the body of the present work.

' .lotlrii. Nh". 1)1 ( hfiii. Itulil.-Jtr\-. \i.I. J, IS.H.^. p. .\2^.
' I'lAMT. \'.il. .'.7, I'm;. II. 4.17.
' Tiili. I'M'.i.r 1(>. r.S. Hiir.MM III' Mini".. I'm.', p. I.

< Hull. Iniv. .il Missiinri. ICim. SiTii'^. \dl. I, 1i)llK.

» Zi-ilM-hntt liir .Xmu. ( hi-Tiiii-. Vi.l. .(.i. I'MIS. up. IX.Vi-.i,;.

' Hull. Nil. l7;iM.l 21. Iiiiv. 111. I'.xp. Slii.. \'>m.
" Hull. .U Iniv. Ill llliunis K.xp. Siu.. I'KW.
' Hull, lit- ia Sill ii-ti I limiiiiin-. .si-r. 11. \ i.l. \ . I'nvi. p|. Mil. ,c;.i, i;,, .l.Mi.

Ciimpti' k.uiilu. I 17. |i)().s. p. i(,S6; I4.-I. I'llH), |ip. i.sl ;mil .US.
•Hull. .is. rnii-. IlHniiis K.\p. Sl.i. I'llW.
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of i(?n|)»r,itiiri' on tlu' r.ilc of oxidalioii .ind ilic cllri t on ilu- r.iic of oxiil.i-

tion 'f xarialions in tlii' o\\^;»ii coiiiciu of the .lir (Uirtiii.

Lomax' d'Ml and t'M4) wIiom' work lia> alnadv Ikch n-fiTrccI

to on ]>,i^r 4 ^indicd coal^- uikIit tlic iniin»{'o|ic willi rttin ikc to lluir roni-

posilion and li.iliililv to s|)oiilan<oii> iualin^. lie tMid> lli.il ( oal> which

arc |)arli( iiLirly troul>K>oini' alnio>i al\va>s (oniaiii (hill-looking hands

of amorphous niatrrial, .ind lir litlifXi's lli.il lirrs n-u.ilK start in this

material wiiicli i> particularly pill\crou>. lie -n^tucsts that tiicsc bands

nia\' lie the result of forest tires ,it the limi- thai the coal\ mattiT was lieiiiK

laid dow n. 1 le al>o disi u-m- tiie ilfect of p\ rite w hich he due-, noi con>iiler

a priniarx cause <if < onihiwiion in most case>. Ili> papers .ire very intiT-

I'stiiiK and su^nesti\e.

Morris' (l''14l discusses ihi' experiiiue of l.ydiirook ("olliiry in the

Forest of Dean th reference to luiilernround fires. 'I"he seam is partic-

ularK' liahU' to spontaneous coniliustion, and the method of ininini; had to

1k' nKMlitied with a view to meetini; this dilTuiiltv. ( Jrdin.irilv the coal

or j^ol) look tire about seviii weeks after its lirst exposure, but the k'linth

of timi' depi'iuled upon the di'),'ree of pressure and also of course ui)on the

amount of very tini' material. When the compression was \ery ureal so

little air entered that little or no heatiiiK occurred, but if, even after some

months of these conditions, the iiressure was rechict'd or a ntw wa\' opened

up for the .idmission of air, iieatinj; imme<liately took place. He also notes

that mateiial wiiich has once started to heat and has been cliecked is

particularK- liable to heat a^iain.

S1M\I.\UV (>|- CONC I.ISIONS.

From the results as set forth b\- all investigators dealing with the subject

of weathering, tin main causes seem to be the following:

—

(1) The presence in the coal of complex and more or less unstable

carbonaceous com, )Uiids such as resins, himuis, etc., which oxidize readily.

(2) The presence of pyrile and marcasite in the coal, these minerals

being effective both as disintegrating agents ,ind also ,is .actual sources of

heat.

(3) The pri'sence of moisture, which, whether or not it aids in the

oxidation of the coal itsi'lf, certainK h.isteiis the decomixisition of pyrite

which is ahva>s present to sonu' extent.

(i) The piivsical coiiditiun of tiie coal itself is of vast importance as

oxidation is largelv supiTlicial. and fini' coal, an i particul.irlv coal dust, pre-

sents an inniiense surface to the air as comjKired with an eipial quantity

of lumps.

' l.t) "Tlu' Mi.Toscnpiiiti l':.\iilninatii>n ot ( nal and its use in (It't'TinininK ttie inflanimatile ronstituents
prPM-nt thcriin. T. I. M. H. Veil. XI. II. I')!!, p. 2.

'h' "l'i!rl!'.;T rvsi'Lirc!:-'.^ in lli-j nn' r'.i-.i;":-.:i! •.\:i!iiin.'.'i..>n -jf C'..>:i!. '•",.«j.'lii!!y in relation to "l^ontaneous
comlMistion.' T. 1. M. K. VDI. XI. VI. loll. p. .^o.;.

' "Xutcs on Kob Hri'S. i-n." T. I. .\1. K. Vol, Xl.Vll. loH. p. lo.S.
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. arrv ...t H,,. iu al «.nna..-.i, a.,.1 ,|,us k,..,, Hu- ,.,alOK.l an.l n. .!„. uav imvs. n. H,.. .„al In.,,, r.a. hi,,,. ,|„. |,i,,|, ..n.iuran.r..
n...vs.ary t..r v.,y rap„l .,M.|a,i..„. „ j, „.,„ „..sil,|.. ,.. ..ns.,,, ,.si.la,i.,„
..l.n,,.,|,..r l.v a .sol.M.lv rx.l„,ii,„. air. or ,o pnv,,, „„.|,u. l,.,„i„K |,v ..„-
snnnu il.orouKh vrntilation. \Vh.„. i,o«..x,.r. a li,„i,..,|, |„„ „„„,i.,„
M,,.pl> ot a,r na. I„ ., ,|„. ...al ,1,.. ,l,>,nu ,iv.. .„ ,io„ is n,oM ,,.pi.l |„ ,his
com,..x,o„ also. tl,.. piuMcal .ondiiio,, of ,1,.. .o..l i, i„,po,.,,.„,; a. ,|„s,
vvh.lr ,1 r.-..,r.is ,1,.. pa>saK.' ..f air „o, !,y a,.v ,„..an> pr.M,,! i.

«.) Tl,.. way i„ wl,i. h tl,.- .-oal is s,or...| is of j;r..,„ i„,porta„. .. i„ . ,.„.
".XMM, w„l, ,1,.. las, „a,„..,l points. .\ low ,l,i„ pil.. or.|i„arilv r...-..iv..s
'"•'"«'' "^ '" •^''•l' " '•

• ^' ''i^'l' I'il' I'V it-.VN.. vvn-Kh, .•o„,pr..ss.., i„ low.r
pnr.,o„ a„,l r...l„.-..s ,1,.. ^oi.ls. •||,..r.. is ,l,„s a l.^v..] or xo,,,. i„ a„v v..rv
hiKh p.ir „. ^^ h,.-|, ,1,.. .o.Hli.io.is for h..a.in^: ar.. al a ma.xi,,,.,,,, whU.. ,1...
<l.-|Hr p,,r,s or ,1... ,,,!.. „,ay «.., ,oo li,,!.. air .„„l ,!,.• poni.,,,. „..ar ,1,.- s.ir-
la... too I,, ,1(1, for <lall^;.•rol,s h.^atiMj,'.

(7» Ti.r hwlixi.luality of tl,.. .-oal is a fa.tor of pri„,.. importatue. f.,ralthough .-..r.a,,, typos s,..l, a.> r.-sitious liKni,.- a„,l l.it„M,ino„s .oal arc of
cu„rs.. ,„ost ..as.ly o.xi,li/..,|, and ..th.-r ,y,H.s s,„l, ..s anthra.i.o an.! semi-
b„.„n,no„s ar.. v..ry sliKhtly affc..t..,l, y.., . |,..„,i..,,| ^nalvsos a,ul physical
.ip|uara,„..s a Ion,. ,lo not alw.avs suit,.-., to .nahl.. „s ,o .lotcrmin.. tho rola-
livc sns.-..pt,l.,l,,y ,„ wc.athi-rinK, an.! of any two .oals which arc apparently
.li.k,. n, .•o,npos,„on and con.lition. on,. n,,,y proyc to w...,thcr y,.ry n.i.ch
mor,. rapidly than the other.
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<;IIAI''IKR II.

.\(;i m:u\i dim issioN ()| \v! \iiii.uin(..

Ul \llll.l<l\(. I\ \ \| 1 Kl,

\\V.illnrinu in n.iliiic l,ikt> pl.Kr at .mil iicir the oiiK rnp n| Kial

-iMni-, .111(1 in M)nic ca-.c-. ihi^ actiim lias even rtsullid in s|M)ni.iniuii>, oitn-

liii-iidM, .ind ((ni-.idcr.iMc (|n,miilic> of loal li.ivi- licii KimpK i. !\ or |f.irii-

ali\ (It'siKPVrd in pi. ire in ilic lud-..' Oniin.iriK . pwcmt. llic n.ilural

wtillicriiiv; nl M'.ini-. is lix. slow In < aiisc tirr, .'.nil .ill tli.it h.ippiiis is llu'

ilisinlcur.iiion of the lo.il, .i<coinp.inicd l.\ ilu l.pss nf p.irl nl its < onilnistililc

tn.i., T, .Hid ,1 niuti ill. in (iiiiiv.iltni iiu rcisc in .isli. ()iiiirnp lo.ils .m-

thus alninsi alw.iy-. nl jMtur (|ii.ilii\, lint loriiiii.iitlv the d.ini.inf r.irily

piiuli.ii»s l.ir into lit" sc.ini, and mal .is onliii.iriN iiiincd shows little or

no sj^tn <>i uxid.ilion in the disinii li\c sense in whi( h the term is iised in this

diseiissioit.

The .iitilicial or < omnierei.il we.itherini; of eo.il l)e);iiis the inonienl the

miner's pick ixposes its siirf.ice to the ,iir of the mine, .ind this wciilier-

inn rontiiuus with iiicn'asinj;, or decre.isiiiK iiiniisit\ , depending,' on t in iini-

staiices as lonj; as llu' coal is exposed to the air. We.illieriii^; ni,i\ thus
be considered as taking place (.i) in or near <iiit( rops or fissures in nature;
ill) in till' (oal mines; (c) (,n the surface during preparation and in transit

;

(d) in stor.i^e while .iw.iilinj; :.se.

I he lirst c.ise is ol lilt!,' interest or importance except to the j{i'olo^'ist

and will not he discussed in this report. l>iit the other cases are all deserving
ol sejKir.iti' coiisider.ilion. althoiiifh the i;ener.il phenomena of weathering
are .liike in .ill.

\\i:\iiii;ri\(; \( ikin ixKiNt, i>i \( i; in riii: mini;.

( han^'es imdoiihtidK' (onimeine to lake jilace in coal immediately
upon miiiiiii;, owii.< to the alteration of conditions. Coal in situ is uiuler

|iressiire dui' io the superincimilieiit str.ua, .ind it is ,ilso .ilisoluteK' removed
from cont.ict with the atmosphere. Inn as llie mining oper.uioiis approach
the coa' the ^asi>, which it ordin.iriK- coiit.iins under pressure. Iie^;iii to

escape. I his exdlutioii of i;as lircomcs more r.ipid when the i oal is .ictu.illy

hrokeii down, ,ind for a lime proli.iKK- almost protects it from oxid.ilioti,

hut liotli oxidation and di'siccatioii uoilotiht commenci' almost immedi.ilely
.'ind increase .is the escaiiin^ gases decri'ase, and cease to iirolect tin- co.il

from till' .i( tioii of the .lir.

(I'lH)
rill- Hi.nniii; ,,f ( ,,.,1 |i,.,|, ,„ |.|.„,. I,

J. X H,,vi„. .\,„. |„,.t. Mm, Kni;. Hull. KO. Ml 1ii.1-J(I4. l.Lrujry
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Evolution of Gai.

>'•'" •"-I Wh.Tl.r l,,.xr sh..«„ ,lu. ., ...,nlM>„il,|,. ,,..H is ds.n ...T

'Zn'
'"";"•'''•"•'>

' - in.: .1... ....,..,, ;,i",^
*

.;f

::\:;r;;:::;:r'''
"•• '— -•"" hJ;;^;

.r...„l':";;',n ':;;;;
- :!••"/; r '"^r

"". ""• "" ''">^ •'^- -^ "-•" ""

'^ - ....|.. Kn...nl.,ul. Ih..„. h^;„„.s,l.. „.„ in.ln.l,. ,1... m. .Innr-"'-I 'l-inn« ,1,.. ,...,i...| ..,,„M„, in.nu.,lia,..K ..l,..rl,r.„k..K-...

...
'

-;"";-.; --"-"K ..nk ,. ..uanmv of ^,s ..„.al ... ,.„..-

af n,„ „„ „u, l...„.,l ,1,,., .. ....r,.un .,,..1 1..m ,hr. .-...ur,!. . f , li-.Inn,.. ... K..> ..n.| ..Iut .... m..n,hs i, l.a. I..M an an,.,. ., . ,

.

'

,

tl.rii-l.ii.rih liiii,.^

.>! a., am. .....I ((|iial i...,.!,. .i,,,

Kr.al.|..al,a...l,na.l.,n...als,„M.
it n.av l... |„„ (>,

'';"'" " '•"•' 'it'''' in.|..r.a..,,. ,.M,.,,( in th.. ,.
If wr ...i.M.l.r Ihf l.n^;.• v..l„ni.. ,.f air v hi. I

i.s IS a
Ik' I'racii.al >tan.|.

i-'t' ' il ..irria^f in >l.i|)s.

. s\Mi|)s (..iistai.lK ll)r....ni. a

^
..I U.f..„. ., ,> ,„,,„,l, ,l„.„.,» ,„„„ „„, „,i,„,| ,,,„|i.„„i„ ^,^„ ,

"

:":::l:;'::;;:!::,;';*^
' - «"«

'-
;»'.i

;1

:-'•"- '-i- ft.;:'ti/: ;:;:,; r'^;:; :;;-',;;'
llu' sn..,,!..s .,p.,n whi.h 1... ..x|„.ri.,u.„u..l.

'

In this, as in r\t

ihi>

i. ..la

•iikI in |)a.-| i

will. ,hi. M.l.i...-,
'

' T*;
'"'•"" "'"''' ''*• •"* '" ^""'> '" '"nn'^i""

'I'ls sul.,...,. ..v.Tv o.ai ha, .„ ..u„ in.hv i.h.ah-.y, .h... in par. ... ,hoP-.i. ..lar ,..n.|i,i..„ ,, p,...,„., ,,.„.^ ^,^^„_ ,^,,^,,, ^^^^^^^^ ^^^
.

^ ^^^^ _^^._^^
.h.. ..x<-.v.h,.K'lv .„n,pli,a,c..l ..r,ani,- <„mp.u.n.ls, rc-sins,'aii....n..i.,.,N, ft.., ,,t uh..h .1 ., ...nip,,.,(|.

Absorption of Oxygen and Oxidation.

n.i> >ui,i..,-, uiii ,,, „,,.„ ,„, ,„ i^.,,^,,,
.

, ,„,,^, „,
n... iurhaps h.T.. ,p„.,., ,,,„,,i„ „,„,,,,,, ,,h„ ,,_.^,. ,,,,„., ,,,^^,; ^,
iin-l«rKr.,un.l .•..n.hli.,ns. |',„„.r ,n,l (Kii. . H '

wril.rs ., ,1.. ,1,,, ,. •

l-'Il.m.nK van.ius caHicr

^'''-n..ion..f....,.,ns.,.,.i.ip;.r..:;.::;;;ji:n:;;;::.;r:^^
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hill ill n\c>-l 1 .1-1 - the I hill .il)-.<ir|iiiiiii i- \i\ ilir lirnkiii m.il .iinl r.irlin-

ti.ui'oii- -tLilt', iiiil |i.irlii iil.irU l>\ till' iii.il .Hill -li.ilf ilii^i wliiili i- .iIm.iv^

|iriHlnii'<l in tnininu.

i'.ir .iml Willi III -I, lie iti.il |iill,ir 'm.iI in .1 |(,ii ili iilii ili-i,iit .iliir

_'5 \r.ii- lii-c-. iPiiK .' >'
, 111 ii^ iiiciiiiii- \,iliii ; |lii» iliii-ii.iUs ilif im|ur-

\ ii>ii-iii'-< III iiiilirokiii I ii.il III I III .ill rill' III. I ill ili'ti'iiiii.iiiiin in pilLii ro.il

i- I
c Mini I. InHM'Mr, tu In lIlH' in il- I Ml Ir.l-l l| (li.lllilil \ ll-llllin;..; I hi' ll\ llnlll

ilir lu',i\\ |)ii— iiri III wliiili ii li.i^ hi I II -iihjii iiil

liil<r(--lini; liunii - ,inni\r'i hv li.ilil.iiii' .iml Mr.ii iuiu.' In -iiuvs tli.it

Ml' , 111 llir lir.iliiii; wliiili .lir iiiuli rs;iT- wiiiK' |i.i-.-iiiL; ihrmiuli ' iiiiiU',

(.111 111' .11 1 1 11 1 11 III I (nr 'iiiK h\ I III' wi'.illii I iii'< 111 (III |i\ till' Hill till' 1 ii.il il-clf.

I In ir r\pi lilililil^ wlliili .He ili~ilihril hilnu \Mir i.illiiil mil .11 till'

ll,iiii-'( .111 riillii'i\. Nuiitli Sl,illiiii|>liiii'. will II' till riiii k St'.iin" i->

Wiilkcil .11 .1 ilcplll 111 .ihiilll _'U(HI li'cl IkIhW llli' -lltl.nr. .itiil llirif iih-cr-

\,llii>ll- .illiI iiilH lll-iii|l~ .III- -11 illi.li--lilli.; ill, II till .ilMi|iii;\ ncnl hi' iillcrn!

Ilir -titniii.iii/iil^' llicMi .11 '•iiinr lriiL;lli.

Tll('\ lliiliii'il lll.il llir m'lur.ll I'llcrl 111 ii|)i'iiiliu ll|i till' iililli' u.i-' In

w.iriii hiilli lilt' ni.il .mil ihr -li.il.i .nlj.irriit tn tlir w i nkiiiy'-. llir .iMr.ilii'

It'ni|M'r.lllllt' nil till' -lirl.ui' .ll ll.Hll-lr.iii i- I') I . .\t llir hnltnm 111 the

int.ikf -ti.ill till' ll Mi|irr.iiiiic i- iiiinli iiinn' niii-.l.iii tli.iii .il lln' -.iirl.ici'

.inij a\(r.ii;t'-. *i(l I . I lie .lir i- i ninini'--nl .i- il ili'-ccnd- the -li.ill .mil this

(iiinprcs-iiin wmilil .uiniinl Inr .i K'lin in li'iiiiHr.ilurt' nl It) . .\ litth.-

nini-tiirc i> l.ikrii up li\ llif .lif in llir -.li.ill. ,ini| tin- inu-l liml in rnni tliu

w.ilU Ml thai MiiiU' lu'.il i- Ir.iii-inilli'd lu ihc .lir Irnm llir --Ir.il.i

Irnni ihc pit liniinin llir ,iir -U.uliK im rt.i-t'- in liinpi r.iiiirc .ii tin;

r.Uc nf .ihniii <> I'nr cvcrN .^(MKl liii. In the wmkiiii;- ihc innpi'r.ii me is

gcni'r.itly .ilioiii M(l° lu S.^ '. In ihc rtiiirii .iii\\,i\ ilicri- i> .i rri.ilively

:^l'i\\ ihijuli sicaily f.ill nl IcmiHr.ilnrt' liimi llir laic In the ii|hm-I -li.ilt.

The .iMT.ij^c icmpcr.ilurc in ihc iii.iin iinrili niiirti .iiru.i\ i- 77 '. .Xn.ilysis

nl the air -Imus th.it lhi> I. ill in Icinpcr.iliirc is prnh.ihK iliic in the li'.ik,iv;c

of ,iir I'rniii the in'.ikc In the rt liirn ,iir\v,i\ .

'I'll ilcicrniinc ihc icinpcratiirc nf ih" iinilistiirhcil cn.il ,i m.ixiimini

and niiniiniitn thcrninnicUT \s,i- iii-crlcd into ihc end of ,i 1()-fnnt borehole

in fresliK rut cn.il. The linlc \v,i> ihiii cln>ed with i I,i\' and left imdistiirhed

for at Ic.i-i M'MTal (l.i\ -. Scvcr.i! >iuh e\piTinU'ius showed the icnipcr.itiire

of the roal to he W)°. Siniil.ir cNpcriimnl- were ni.iilc in coal which
h.id hceii limy expnsiil. TIlcN -howed ill, it eo.il hchilid stuli in exposed

Mirl.ue yr.iihi.illy rise- in teniperaliire. 'I"lni> .it two pl.uo in the side of a

main mad the t( iii[H'r.iIiire at the ctid> of lO-fool hnrchnlo were l.ikcn in

18<)4 and 1W«. In 1 S')4 the leinpeniuires were Uu^ .iiul in 1.H98 they were

9,r and «>()^

It was inipn-^ihle In eorrcetK- cal'iiLitc the total licit yencrati'd in the

mine since there imisl haxc hei'ii large radiation losses through the walls,

rool and iloor. The aniouil of iu'.it, which escapi'd 1)\' the return irway,

Tr;m.s. lust. ,11 Mill. Kiit \'ol. 16, \!<'i<<.
i.. 4'7.
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'I'lif al>M>r|)ti()ii of (>x\K(ii \<y aniliracitc and hy bituminous coals in

the nu'iif, is cliarly (knionstralcd in a paixr by C. N. Hurrill.' 'I'lie

fijjuris in Table III are for the ,i;ase- in an enclosed i)ortion of an anliiracite

mine. Tiiis section of the mine was sealed otT beranse of a fire which
existed in an adjoining; section. The fire did not, in his o|)irion. affect

the i)articular area from whicii these samples were obtained, because of a
ln'a\\' interxfiiini.; roof f.ill, coiise(|iuntl>' the y.ises represent liio>e tr,L[)|)e(l

and liiven off normally in a st.i^nant section, except that one sloppini: was
leakiiiK and some ;iir was entering,' from the veiitilatiii!^' ctirrent. The
stoppinir was ti.yhtened and r.ipid aiisorption of tiie a\ail.d)le ox\^'en by
the coal ensued, as siiown i)y the third .m.ilysis. I'our daX'^ Liter tiie oxygen
had dropped to ,^ per cent, e\eii thoui;li some .lir was still finding .iccess to

the enclosed area.

r.Mii i; in.

Composition of gases from an enclosed area in an anthracite mine.

I'ciicnliim's

.N,,. D.Uc

. 1 On. 31st.

.
. ,2 Nov. 1st,.

. ,. .\ . \..v. .'n.l

....4 Nov. _'iul.

. .
..S Nov. .?r(l.

....(> Nov. 6tli,

CO.,

2- 'I

2-,s

!(>

( O

(It)

(II)

no
II. (I

1.=;

14 6
(t

1

^
~

4 1

.1, II

(lb Xi

14-0 68 K
1.><1 ().^-0

.'4 J 67.0
l')-.>, 62-1
M<i SX-2
5> II 41-4

The composition ot j.;as from .ui enclosed area in a bituminous coal mine
is shown by Hurrell by means of the following analyses, but the conditions
as set forth in the followini; (|iiotalioil> leave one in doubt .is to the complete
exclusion of the leases from the biirnini; si'clion. The lari^e .iniouni of ("H4
is, howe\-er, an indication that Hurrell's assumption is correct.

T.XBI.i: i\-.

Composition of gases from an enclosed area of a bituminous coal mine.

(
•( ),

I -.ill

1-2(1

1 Vrii-TU.mcs.

CO ( ).,

IIOI) II. .^11

IMKI UM)

<ll.

i. »>

.S..57

Sample No.

1

1
'>2-')l

"A mine fire had once existed in the are.i :ind these s.imples were col-

lected by men with breathing helmets, nine months after the fire had
originated and prior to the reopening of the mine. The mine is classed
as non-cr.iseous."

I Coal ..\i;p. \'ol. 111. 101,!. p|>. 104, tin, 14,1, 147. l')4. ,111.
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WI.AIIIKKIM, l.()SSi;s IN M()K.\(.I-;

I'roiii till- work of nianv exporiiiii'iitcrs wr know that if frosh coal of
almost .my cliar.uicr he sloped in a pile, ilii' iiiiipcratnre of the mass
will at first risi-. Many kinds of coal luwr ,i;o fiirtlur than this, in ordinary
storaKi'. 1)111 Kradiially cool off ajj;ain aiul riinaii without further marked
clianjK for an\- lentil of time.

A Kri'iH variety ol coals on the other hand continue to heat, and if

nothinj; lie done to ventilate them or othetwise artificially cool tiiem,
they ultiinalely eaten hre. and the main [jurpose of the present report
is to discuss ihe causes of this d-structive action and liie \arious methods
wiiidi lia\e liven proposed for its i)re\(nlioii or cure.

Ill our -ludy of the subject of weatheriiis' in ^jreater detail it will he
unnecessary to attempt to distill), lish any further between action t.tking
place in the mine, in lran>il, < r in storage. In fact it would lie impossible
to do so satisfactorily as in some cases the character of the coal seam ,ind
the method of mining; make it possible to ^vt out the coal \ery promptly,
and to place it in the consumers' storaj^e pile while it is still t^ivintr olT

hydro-carl Mil erases, and lias scarcely had time to bei;in to ..xidize. In
other cases much of the coal reiii.iins in underground pillars for ,i wry lorn;

time and e\eii the mined coal i> handled slowly and suffers coiisider.ible
change belore it reaches the consumer. It is therefore, best from the i)rac-
tical point of \ iew to Cfiusider the (piotion of we.uherint; as a whole in our
further discussion of the subject.
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CHAPTER III.

DISC I SSION (>i nil ( \1 SI>.()1 W l..\'IIII.KI\<. IN

( lAl.kAI..

'I

ill ilu- Idllduin;^ il -cu^^inii ii will \k- a— iinud in a );tiural \\a\ llu';

till' coal lia> lutii iiiiiud ,in(l picpand tur llic niarkcl iiiidfr niiliiiarx'

r()iiilili(iii>. All wcatlicrini.; which nia\- l.ikc place iiiidcr tlic-c circiiiii'-l.iucc^

will lie includccl, lull .i-^ ihc i hiil p.iil i>f llica\ciilaMcacl i<m (icciir> in -lnr.ii;'.-

llu- (li>cii»iiiii will. In ,1 m'lMt cMfiii. lie on tin- -lor.iiji' of (d.il.

il i> inipo»iliic III draw an> li.ird and l'a>l line liclwicn iiuri' wiMllicrin^'

and striou-' hciliii!.; c.in lo llic point of >ponl.infous ciiintiii~lion. iJolli

of tlu'M' phcnoniiii.i arc i\ur lo the .ili--or|itiori ol ox\\u-n, .ind a'- a ni.ittcr

f)f fact all oxidation whether roiillin^ in little or nre.it ri>e of teinper.itiire.

ni.iN rc.ilK lie con^'dercd >i)onlaiie(iii> coinlMWtion in ,in ali>iihite ^(•n^e.

'I'he nuist iin|)orl,int conditions which inlUieiice the we.itherinK "I

coal in tran>il .ind -tor.iiri' are namid lielow. and in >o lar ,is i- praclii. lile

the Milijtit will lie discusse<l under the m parate heailinjis in the ordtr

j^iven. lint the canse-- of wcatheriniL; are so lum roiis and so iiiienh pendent

that a re.dk- s\>tein.itic .uid logical tre.itiiu nt ol the siilijecl i- iinpossilile.

and the author cra\es the iiidiili;ence of iea(Kr> in rci. ird to his presenta-

tion of this part <if tiu' siiliject.

Classification of the Causes of Weathering.

1. 'i'he kind of coal (without reference to ii> inorit.mic iinpnrilies).

2. 'i'he time of pri'% ions e\i)osiire.

.^. Ilie iircseiKi- of nioi> 'ire.

4. 'I'he I)re^,ence of pxrite and the mechanical condition ol the

same.

.^. The si/i' of the coal.

6 'I'he size, shajie. etc.. of the storai;e piles.

7. 'i'he initial temperature of sloraije.

llll". KIND OK (OAI..

It is j,'enendly lielieved that anthracite' is not liable to spont.ineous

ronilnistion and this belief is correct in that aiuhr.icite will not ignite

spontaneously under ordin.iry conditions. I'a\<)l.- however, states and

pnihalih- with truth, "(iiie toiites les lioiiilles sont siisceptihks dc s'echaiitTer

lorseriii'elles sont exposee a fair dans certaines conditions." The tendency

' Til, name anthrariti- is ordinarilv used in i-astcrn Canada and the IniUct States for the hard I'enrjyl-

v.>n;.. ;iT;:hracite oniy, Irai rit!"-r .-.-.A 1-— rl.d.lr • , ,'- ,,•-
, I- V'-^ — "" " "»< T:rhn:iai!v a::thra-l!e

is a coal havinR a fuel ratio of over !2.

- t-;tudes sur I'Alteration de la houille exposee a fair. M. Fayol 0-'^^''i.
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pvritc is siill lnli',\((l \>y many to !«• one of llir main caiisfs of tr()iil)le.

Willi till' I'xiipiiiii ol pyritc, which will In' siHiilirally lii'.ilt with laltr,

it is now hriifxci! |p\ many filiMrxcr-' ili.ii tin purine ol (on-iiltr iMf

aiiiiiiiiils of onliiiarv a-h-fcirniiiiv; iinpiirilif^ i- likch lo Ii'^mii llic r.ilr of

ui MlluTiiij; of llic oial, ahhuiinh llii- laust ilrpnui lo a larp' cMcnt on llif

ch.ir.M icr of ilif iiiipiiriiic- iliiinMlvi-. Tlu- f.n t ih.ii the iiiipiirc ro.ils

arc ollcii less lialilr lo spnnlancoiis comhuslion is no (joiiln due lo the fact

thai I he miiuial mailer of I in oc( iirsin I lie form of ihin plaits in the clea\a^'e

plane-, ihils coaling' and proleclini; a mn-ideralile pari ot the snrf.ice of

the Kial i>roper when it is lirokeii. Il is al-o prolr.ilile thai pure are,

>;enerall\- -peakinv;. softer lli.iii impnrecMN, and llurefore more casiK re-

duced lo <lusl

.

The dillerence- in the rale of wealhcrin^; '• coal- of suli-lantialK I he

same cl.i— are shown l>v I'orler and Ovil/ who e\perimenle<l with cmU
inaciirreni of .sl>' o\\i;enal 140 ' lo Idd (

'. The rc-all-- f iheir i\perimenls

are shown in the appended li.L;iire ili^. 2\. and admiraliK illu-lr.ite the

indi\ iilnalilv nf ihe-e coals.

riMi; 1)1 I'kIA II >l ^ IM'ti^l Kl.

In main- ca-es ( oal i- -ulpjecli'il lo a more or le— cMendec ira^e in

l)iles al ihe mine- and in mal-cars in iran-il. ami i- llu'ii -lore<l in con-

sideralile (|iiaiililies l>\ the di-triliulinu; ai^enl- or con-imu-r-. In such a

case th<-re is usiialU less likelihood of healiIl^ in I he tiiial -lorai;e, a- ihe r)uly

surfaces which will hi' .ilt.icked l>\ oxyt^cn with an\ marked eiur^;\ are those

new f.ices caused li\ lireakai;e in handlins;. As an cvuiiple of this we have

the case of \cr\ lar.ue (luaiilities i ,f co.il which .,re mined and stored in

ea-tern Canada duriiii; the winter, then shipped durini; the summer season

of naviu-itioii to Montreal for -toras^e until the loUowinji winter. Such coal,

althonyh piled the second time in hot we.ither, i- much less likely to heat

than fresliK mined co.d -lored under -imilar condilioiis.

I'arr and Wln'cler' hnd tlie lo— of ,i coal dllrin^ the second vear <f

sior,ii;e to he only one-h.df ih.ii occurrinji during the hr-t year.

.\n ixperiment ma<le by I'orler and ( »\it/' -hoWs the effect of previous

exposure upon .ilisorption of oxyticn. I'ine co.d was use<l .uid the exposure

was hut short, yet the resulls may he takt'ii as an indication on a small

scale of what happens more slowly in a lart;e pile. iCnr\f C, I'iji. 1.?)

nil. i:iii:( T <ii iiii-: 1'ki>i.n< i: oi' Moi'-ri ki;.

I>om the Reports of ihe Royal Commis-ions on (d.il Carlos in Imik-

land (1S7()) and in New Soulh Wales (18<»7) one mii;hl conchidi- that .oal

containin^Muuch moisture would he likely to heal l).i(lly;yel out of 2() persons

' Dflinstedt md Hiinz fonml tli^it ci«ls wlu.li wvu- most fni- Irom mni.T.U ni.itl.T w.-n- oii tli.- \iliole

more readilv oxulizeii tlian imiiiin- i cwU ;in.l iiuTcvwr.l in l.-ini.iT.iluri- mori- r.iiH.lly wli.'n i-xpo^i-rl to ;iir, N-i;

7riti.-!-,rift f;-,r \r.r 1 h.--:r V\-.l. XXXV. I'.'t'M. :,. !.Ki,= .

• Iniv. of IlliHoU I'lii;. Kxi>. St.i. Hull. i'<. I'll)').

! \'. S. Miir. of Mines Tiv. p.il«-r No. 16. I'd.'.

Im. Conii. i.f .\i)pl. Chcm. \'')1. 11), I'll-', p. -'51.
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wliii ill 1>7'>. Ii-iili> il 1" ill! iiiiiiri.'ii- I II. I I- III iniii-tiitf, !'• .uliiiitltil mi

iTd'^-cN.imiM.iiiiiii iii.it liiiv uric -iiii|iK KIM-. iiinu liiMr-.i\ . anil ilu- '.iIht

ri"« lining; wilni'-. w.i- nnl .iv.iilalilr hr iri.-<^ iNaniiii.iliuii ; liii ilu iiiii'ri-,

alllliillKll ill' linlU III iIh 11 -lilii.i|i\ in |N'»7 u .i--ali|iali illl\ In llir -aillirjln I,

llir (iiin lll-iiill- III llir CiiMilili— inn iliil I ml i;iM' il nmi h \u iuli'

One umiiil iialiiralK .aihi I llial a mal i . ml. lining inni-tiiic wniilij lie

n lanlnl in il^ IumIiml; l» • .ii:-i'. milil all lln iiini-iiiii li.i- li i n . \ .i|.nraliil, llu-

i,iii|Hraii'rr latinni ui\r li-i .iIm.m- Kill C, N, I. iin ilit ullur liaml. llir

-liaiii |M II iil.iliiiu ilinniuli 'ill' -niiiiiiniiiii's in, i-. ami iniiiliiiMim m iln'

innlii p.ii I-. will I HI I .1' \mM .1- nini-iin I liiiii , . I iH I ni.i\ llin- iiml li> li.i-li-n

(ixidalinii in ilm-i- |i.nl-.

Ki.liln-'. line III iIk- alili -I III llu- raiK -lllilrlll^ nl umI \\ta!lliTinv;,

who \M.ikiil III. in lS(i7 III 1S7(I. iiiaili -i.nir . sp. i nii. iii - li. ilittrTniiii;

wl.itlur niii^ltm .lidcil i.r n lanlcd tin- .ili-m iitinn ni i.\\u<n li\- (imI.

Ilf liH.k iwii lull- and pland air-driid mal in ui'i' .ivi\ iiiui-l umI in tllr

OIIrT, ImiiIi lOaK li.ini; In -liK mil id. 'riic ,iir dried mal al Mirlml nNV v;tn

nnii-.M|ni('kl\ lliaii lhrni(ii--l mal. 1 Ir al-.. Ii mnd ih.il !i\ |il.ii iiii; -mall Imll.-

(•(.litailiini; fllM-d .alciimi rlili.tidr alnli^^idi- llu i|i\ .ainpir ul'mal. -. > llial il

liccann' iu;iaihiall\ driir. llu- r.ilr nf ali-nrplinn was iniirai-iil. iln' ~ainc

lillriiomclioii wa- iiliMixtd wlirii mal \\a- n-id wliirli had lni n diinl l.>r a

day ii\cr sul|>llll|-ir arid, all h'lii'^li llli- m,,l imi-t alrraiK iiaM' aliM.ll.i d a

loiividtralilc amiiiinl nf ..\\i^in while ilrxiii^. Il winild Mi-in ihal llu-e

cxiuriiiHnl- ddmiltK- pn.xc ihal niuisMirc Inndtrid the ah-, irpiii.n i>l

(i\\i;en \>\ 'lie ii.al in quest ii m. lull this is ii,,t it, acei irdanee with I he lesiilts

of recilM e\pt rinieiits |i\ I'mtel aid Cainernn- and .lurthel iiH.le, I here i- no

doiilil ll.al nil list me will iner.asi' iheratei.f 'd.itii.n nl p\ rite, and whellur

the ml results will lie .m it ire.ise nr deire.is, i he liiial leiuiieralure must

depend mi the .miminl nl pyrite pie-eiit ,iml mi tlu' ammint nl mnisliire.

l\i\nl' m.ide a niimlier of (Aiieriineiits in nrder in determini- the etieet

(if mnisiiiie nil CmnnientrN cnal. The m.il was tested in three dilierent

eniiditinns:

1. I'risliK- won tines.

_'. The same en.il prexinusly dried in uvens .U a lempiratiire not

exeei-diii^' 4(1°.

,?. The .same coal not dried, but sprinkled to make il damp, but not

wtt.

.\ sul'tidenl number of liiles of each maleri.il were made to last the

winter. These piles coiUained from 2 to 12 cubic metres each and were

built, some on thi' surface under open sheds, and the remainder in dry levels,

lindersiround. Temiierature nbserv.itinns were made every day in each

pile for several months. ..nd the behaviour of the different piles of the same

DinT'iirs I'uh
. 'jour. \c,l. \'t.\. IXOT.'pp. .>4 ami J'll.

I>inKl.t- I'dIv J, Mir. Vol. i<>S. 1k;(i. i.i>.
.tl.s ami 44'<,

"Si-i- liUK'. 14) |.l SOI. .,

't^.tlldi-s sur lalu'.r:ilic.n cli- l.i hoilillf cllMi^i-i' .1 fair. \l. l-ayul. IS.'), p. I.i5.
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cxplaiiu'd li\ llif <it that ilr\ (u.il i-. -.u |mh i .i i uii.iik tm ili.ii lln' irl.ii i"

iif .1 pile iii.iv -liiiw iiM iiidii .itiiiii 1(1 ,1 liiil ^|H)i (II (Mil an iiii ipiciil i
• in

llu' iiiltiHir \ rain -luriii winilil Ikiwcmt providi' moi-liin cniiiii;!! to

MKik iiiid ilic pill, .mil ilii^ iiiui-.tiir(' 'III a|i|iriia( liiiii; tl» !«'' ^p<>< u'miM lie

ttirilril iiltii xtcaiii wliiili wuiilil Work iN \\a\ Imi k In lli. -ilifaii ami lir

i)t»(r\(il, lliil^ alUailiiiv; allciilinii ti. llii' liiliu rlu iiii-ii-ihi Icijlitaliiiu

Tlir M'Xillil lAplailalinll is ciiimIK -iiiipli \ii i|i\ inal alwa>- (uiilaili-

soiilc nini^Uiri'. ami in lii;nilii i ii,tl~ llirn- i-- aUn a \i'i\ i mwili ral<li aimiiiiii

of iiiinliiliiil waici. In ilir I aM' i >! a Imi ,p(.| in ilu- inliiinr ii| a pile llii^

nil 'i si lire is ill i\rn nil, ciilu i tsi .ipiiic ,ii ihi si:i |,n c ,is sir,iiu, m i oiuK iisin^;

on till' I nnlcr I n,ll in llu- lltiulllH>lirllni.i|. Adilnl in llli- lllfli- is 111 I nurse

,111 .ulna Inriiialinii nt «,iiii ulicii the livdinmn < nn-liliunis nl i n.d ,iii-

n\idi/i d

\^ an iiliisiiali' i nl llir >< < mid i .isc ji nia\ lie imli d lli.il dniiliu llii-

«'\|MTiiiii Ills III iJK .iiiilim .11 < <nliiiiiniil .iiid (il.iic Ua\ sec pp. )>( |(i|<

X'.ipniir ir iniidiiiscd nmi mic «as .dv\.i\s ii..ii<rii in llic njiM i \ ,il mil liiln-s

ill ilii' 111 i'clilinin I I nl lua spn|,i\,n \\li> nilir iiinpri .ii iiii «.is l,ir |ifln\\

I 111' linilini; |llrilll

Cl'l si \( I 1)1 ^^ kl I I

1 he pn-i 111 r 1)1 pNiili Ilia", .illirl llir « lal 111 riiiL; nl in.il in I w n'

\\,i\s:

(.1) li\ ili--iniii;iMl inn nl llu- lual dilr In ill. s|nw nxid.ilinii nl p\ rile.

liii lU .irln.il !.;tin iMiinii n! lainiiuli lir.ii \\ Inn M\ii|i/id In Warm
lip llir in.ii ~iirrniin(liii^ ii in a d.iiiurrnii- .Airiil.

i

Disintegration Due to Weathering of Pyrite.

rii.U p\ lilr r.uisi . (h,iiilc,L;r.iMnil nl I n.d nil wi'.illu I iili; i~ will kiinu II.

.Hid llli- Inn- I nal linis |iindlirrii. Iiudnlliilidlx ilu riMsis liic Uiiiii'lir\ nl till'

in. Is- In iicil . lull il i- diHiriiil In !l;cI ,in\ \i'i\ dcliiiili' iiu isiitr nl I he rllii I

.

,is nilur ciiiscs ,iUn rrsiili in disinli'ij.r,ilinn. I'lic ,ii linn in luiil \- lli.it

p\ril(.- in llir i)ii-rnir III inni-iiii'f ,ind nw^cii is innrc nr lis. rniii|iliirl\

coiucrlfd iiitn n\i(ii- ,ini| snlph.ih- nl" irnii with llu- -iimill,iiUMiiis prudiii limi

of .ipprtciahlc (|ii,iiililirs ni siilplmrir .uid. This .icid in tinii- .ill.uks tlu'

cirlioiKili s nl liiiu- ,uid iiKii^iirsi.L wliicli an- iisn.ilK prtsini in ibi (jt.u.ii,;''

and iniiu pi,iiu-s .if ihr rn,il. coin crlini; lluni inln suiph.iU's ' 'I'lust'

('lu'inicil rcai iiiiiis ail iii\nl\r in(rr,isc in hulk fiiilnwcd nflcn li\ sliiiiik,ii;c

dill' tn the sollilinii of llli' soliiiili' -nipiiali's prndiiiid. Tluis llir i o.t!

on the whole siil'fiTs .i nun h i,'reatir diyree of ili-inU'i;i.ition tli.iil niii,ht

al tirsi 111- expected from llie snuill .iiiioiiiu of pyrile oxidized, which in

ordin.iry cases does imi exceid frnnt 10 In 2.s' , nf llie lot.il pvrilic in.iUir

in the coal, i.e., a Miiall fraction of I'.'i of the tot.ii.

' In iid.ittinn til Ihp two very ini|iortant i-tlccls of pxTiti-s n.itft .thuvi-, it i< Mimi* i««-iit'lf thai n may
,:..i.j..i...... ... .,.,_„..j^r;^„ ;^ -.jii ^^,.-,f .,iti„,..„;. ;,.,.; ;i;.,..,iia.ii .,,,,.. ,...;. .... ...:.i;,i„ ..a,.,., .ti. U. nr.c
atfill .111.

1
Hun/ /(It fr .\ni;, I hfiiii... \ ..1 XX.XV. I'«l«. p. 1SJ5. .li...cii..> tli.- |Hi»siliiIilv ol , il.ilMi. .ii-lion

beini! ;i (;icliir m «i.,iih..riiii; .iii.l iilliiii.ili-K ilianiiss il .1, likilv li. hi- .if Intl.- or r.i: iiUiL
- Ihmuiis proluihlv tir»l iioli-d by J. 1". Kimbull. Itjiia. .Xni. linl. .\liri. ErurM. Vf\. \ 111. IS7«.l>. .'Il7.
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The n.usl v.ilu.il.K. inloniuui<,n availal.U- l„aiiMi; ..ii the cxtnil .,1 the
.l.s.ntrKrannn ,.l roal .lur lu vv.at lurinK is Ur. hmiH of s...,u- ixprrininUs
l.y S. W. Parr an,l W. F. Wheeler. Tin. .„als „ ,,.,1 ar,. .hcsunr a. ,I,.ko
tiM'<l lor lluir mam .•x|HMiiiuiu>. (lcs,rilu.,| at l,n.i;il, ,,n pp. 6')-S(,.

I'al.K's \'ati,l \T,c..pi,.,| In.m I'a.rr an.l WIu.Kt, show that the pro-
lan i..n ..I M.iall -i/.s in ll„. mil ,nal i.uTcascI .-..MM.lcral.lv <liu- m tin. a.liou
"I vuMtluruiK, .ni.l ll.al tli.' avvraR.. .liam,.|n- .Ircva.,.,! pn.p,,r,i„„.u,.lv

llif (ii-.iMt,vi-ati.,n ua> n<. .luiil.t laiv.lx -liir K. tin- uNidali-.n ,uul
Mvrllin^^ up Ml thr pvril.. a. aliv.uly slalr.l, l.ui it wa> aUo ,1,,,. partlv i,,
•I"; •^'""- "I IrnM, iM.tl, ot il,..s,. .-a.iMs artiiiK it. ...njmuti,.,, with tl„.
.'xulatKM. .,t th,. ,nal proper an.l the .lisitH.-ratio,, pro.ln.v.l th.r.hv In
the case ol the \ennili,,n .o.mty mit c.,,,! iheam.n.iu ol eoal that would
IMss ihroiiKh a hall-ineh hoi,' was iiearlv .Io,iI,|,m1. TJie hKiires lor th,. luit
coal Irom William.,. It aiK

I
Sangamon o.imties sli,,w that there wa^ .cxon

tinu> as imul, ,oal 1hI,,w iiall-iiui, .liam.ier alt,.- one aii,l o„e-|,all v.'ar's
Slora^e a. wa,. oriKinalK present. ihe ax era^e diameter of the pic.vs of
coal m all tlu>e l,>ts was al.out thive-lonrths as ^reat afler Morale as helore,
the .i\erai;v weight beiiiij only about 40' ,' as Kical.

The ehaiiLie. in the s.Teeninys were iK.t so i;reat as in tin. mil o al 1 ut
they wetv probally ,.| as nui.h. or more importanee in the matter ..farteilinK
the eeonoiine value ol the coal and its liahilitv to i,ive tr.niMe

m^trsfT.^^* r-'
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TAHI.K \-.

Sizing Test Showing Disintegration of Nut Coal.

Wttrr oil./ l\'h'-<!'r\

Vi-rmilion Cnunlv, Illinois.

I<oii!ni licik- srnni

Iiulu'> III! lu-^

1 I)

n.i.-ii

A\ t'r.ii;t' (li.niU'HT

r..i,ii

AxclM^l- (ti.lllH'UT

.^ 1

I

i

Inl.il

Am'imi;!' (li.imcHT.

< )riL;iiK 1 siitfs Kxiii.M.I l.ins I' Covcni Kins IJ
\ f. r> \ t .irs——

(imiiil.i IV r 'llllHll.l- l\r ('llIlHll.l-

'it cent ii\f (fill live ccni li\>-

pir ceil |KT Ifllt |H-r nnt

66-2 42 -.S 44-2

5(1 71-2 so ,5(1 -5 7-6

11-7

51 S

2 7«-4 IIS f).?-5

,s2-4 (>•') (i<) 24() 6-7 70-2

4 11 ,S(,.4 f.S 7(1-0 7-1 77-.?

5(1 '11 4 1(1-1) ,^(|.<) 10-4 S7 - 7

SO IIHI'II l.M 10(1-0 1 2 - ,< 100-0

IIMIO KHI'O 100-11

. . .1-45S in( 1 I's 1(174 iiirlii's 111 2 iiu lies

Willi,imson i\ iiiily. Illinni.s

'H-n 7()-2 i

1

()S - 5
—

- - -

l-(.
1

OS () 5-7 75<) 5-7 74-2— — __ .

1

-_. _'
_

i-s
1

')7-4 (>•() X2 5 71 SI-,?
- ^ _ - __ , — ,-

"7_i lis
. 1 .M S5 - (i 41 S5-4

-- - -—

_

.

(1-5 •)S (I .i> SS S ,*-(. SI) (1

(t-5 1)1)
1 4-() '),f-4 4-1) <>:•,>)

((')
i ll)(ll) (I'd 1(10 (1 (1 1 100 (1

1(1(1(1 10(1 (1IIKI'O !

. I'Mdindirs l-.v<2 in, lu- 1 -.51 Id inclirs

S„if^ itnini! (
'. iiiHy, Ulni '1^

S'). \ (,(•.< 52-0

11 '»,< • .s 6') 71-2 <)..< (.1-.?
— _-. . - . _^ __^

,< • 5 <»7(l S-4 7') () los 721

1-2 'IS-.' .(. J S2 S 5-7 77-S
- - - _ _ — — --, -

11(1 'ISS 4 (1 .s(,.s 5 S S,! - (>

0(1 i)<) 4 7-4 ')4 2 S-1 •i|-7

do lllllll 5-8 KNI (1 S-.i 1(10-0

KHI'll loo (» . , . 10(1.

.... 1 .S.v iiiclu's 1 442 ilirllrs 1 252 ini lu's

^^s^^^^ts T7W ..-> Jl'la*. 'l l-Jti . a^L
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TAMI.K VI.

Sizing Test Showing Disintegration of Screenings.
Il'urr and Wluilfr)

l'''""lli<'>< County, llluinis.

OriKin.ilsizes^ I:x|k,.c,1 l,i„s U vrs

I'

190

Cuimila-
tivc

per cent

IVr
rem

_ i

T.it.il
'^~~

Aver,i);c ili.inu'lcr.

1 1 r

14«

S-5

HI
16-4

21-,?

lOOO

1

27 9 6-.?

42-7 129

51-2 ''-'
I

()2-,? 11«

78-7

1(X)0

21-0
\

274

'lIMIlll.l-

ti\c

pi-r cent

i;-6

30 -5

39 -8

Covered l)ins I \ yrs.

''<'
(iMinil.i-

per eept

1 10

51-6

72 f.

100

1(H)'0

63 17-9

12-2 30-

1

9-.? 39.

4

lis .SO -2

21-0

27 «
71-2

1000

.^J)-.S4S ill. ,,,4,, I,,

Willinmsnn County, Illinois.

I(K)0

ll-4J.Si„.

I

1
I

H

1

.

S (1

l,S-9

9-0

14-4

8-5

10-4

l.S-4

23-4

.... 19.

27-9 9-2

1

423 l,S-4
.

• .SO -8 9-5

f)l-2 10-6

76-6 170

14-2

2»1

43-6

.S3 1

63-7

0

13
j m77

9-0
I

4,^'

1(H»0

Toi.il

Aver,ij;e di.inx'ter

19. 5

KKtO

80-7

1000

11-4 .S4(>

20-2 74-8

2.S • 2 l(R)(t

1000

0-466 in.

24 7

40-3

Total

.SO

61 .s

81 1

1000
UH)0

.erage dia,neter_^. ,,.768 in.

IdO-O

0518 in.
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Heating due to Oxidation of Pyrite.

The fact lliat pxriie usolves licat on oxidaiioti is iiiiixersalK aiknowl-

cdjtecl, but the extent to which tills affects a larne storage pili' Is a matter

upon which tluTe is preat difference of o|)inioii. It has been stated by some
authorities tliat the heat ^'^enerated b\ thi' oxidation of p\rite is the primarv

cause of spontaneous combustion. Thus, altiioiiyh tlu' first authoritative

report' on Ine subject had concliKhd lliat the presence of pyrite in the

coal w.is of secondar>- im|)r>rt.iiice, and IJKickwell- and others had sup()orted

this view, yet the llns^lish Ro\al (' -ission'' (1X75) appointed to iiues-

tigate the carriage of coal on board ships. ga\e the caitses of spon-

.neous combustion in order of importance as follows:

1. The oxidation of pyrite wiiich the coal contains.

2. 'I'he absorption of gas and notablx of o.x>gen b\ tlu' coal dust.

,?. The oxidation of carbon and of certain compounds which are present

in the coal.

M. Haton de la (loupillien^ in a report of tile i'rench I'iredamp

C'onmiission, state that oxidation of pyrite, or of certain org.uiic sub-

stances in coal isolten the primar\ cau>e of spontaneous combustion. This

and many other opinions expressed in that report seem, however, to be

offered without vhtv t'irm convictions.

In Fayol's^ experiments which are referred toon pp. 25, 52, and 108.

it was found that tlu' amount of oxygi'u ,ili;-orbed vva> not proportional

to the amoitnl of pyrite in the coal, hence some of the (j;vygen must have
belli absorbi'd b> the coal. I'avol for.ad in fact tiiat the pyrite mi the

("oiniiieiitry coal does not oxidize as cpiickly as t!ie coal itself; in dr>- air the

pv ritt' is not oxidizi'd at all, and in moist air <inly slowK .

Man\ ol)servations of actual facts tend to show tiiat tile oxidation of

pyrite is not the primary cause of spontaneous healing. Tluis Dr. Percy"

notes that no coal in (ireat Britain is so liable to spontaneous combustion
as tile ten vard or thick coal of South Stafford-iiire, which onlv contains

a small anioimt of pvriti's, iisiialh' e(|ui\alent to not more than 0-5 per cent

of sulphur. Percy had aireadv' expressed this opinion in his lectures at the

Roval School of Mines, and in a paper in 1864 in ("hi'iiiical News.

Richters" calculated the heat which could be evolved by a coal con-

taining 1(11 per cent of pvrite. Hi' showed, by reference to I)ul( ng's

experiments on heats ol combustion, that in this case, under the most
favourable assumptions regarding pvritic combustion, the temperature
of till co.il could not possibly lie raised more than 72°C He assumed in

this calculation that the heat of oxidation of pvrite is tiie saine as would

l>i- 1.1 H«hi' .111.1 I'layf.iir - "Summi Coiil tor the Koval Navv," l.iinilnn. 1S46 . 1M4.'<-51 1.

Trims, \ortli Kim. Inst. Mill. \- Vli^.h. Knu., \ ..I. .X. IHl.l. pi.. Idl-T. I'li-i,
* Ri'I'-rt of KtiK. Rovii! Coiiiniissii.n un Siiont.iiifi.iis ronihustinn of Cuiil in Ships, ' lS7f),
' Ris;

: -t -:'• :;i Cnnini. ,; aii.ii .1. i M.,>. i., 1,1. .pi, .. pi.-v.!.,! i, , r ,,.;,.„,.iis .1.- (;,-.iii. I.STS
' I'.tuili' sur I'AltiTiaion <!. I.i houilli' I'xposvr a fair. 1»7'1.
' MMalliirKV. IVrrv. Vol. I'Ufl. l»7.^. i.p, .'.I'l-'QU.

Diniilrrs Poly. Joiirn. Vrjls. IW V).\. IM.S. -l«(i8-'*-;o.

w^sm
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;

""' ^^""''' '"-^-^' 'I'at rtnclv dis-

7?T\- '- ^'-^ '"- v' v,n ,

'"'"Panson wi.h ,heir size, would
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1)1' lU'ci'ssars, and coals cunlaiiiinn coii^idcTablc (iiianlitics of liiu' pyritic

matter do ''; lact often lire >ponlaiieoiisly iinders^roiiiid.

Haldane and Meachem' made an approximate calculation of the heat

whicii iniKhl I'c ijenerated imder^roiind in acollier\ . .osimiin^;, for the sake

of arijinnent. that the total shortage of ox\>;en in the upcast air is ill due to

tie oxidation of the pyrite. As no data wire a\ailalile for the heat of

combustion of iron pxrite they followed Uicliters, and took the heats of

comhiisiion of the sulphur and iron separateU , thus:

—

••2IV+ 4S+1.5()=l'e.,().,+ 4S(),-f-7r.1,7()() CaU."

That is for e\er\- 15 X Ki llis. of ox>j,'cn used cnoujjh heat is giiieraied

to rai>e the temperature of 761, 700 llis. of watir 1° centiirradi'. Hence,

S,7(Mt B.Th.l . are formed i)er lb. of ox>gen absorbed. In the north side

of the mine 20.S cubic feet of oxygen wcreconsiinud |)er minute anil, therefore,

since 1 cubic foot of ox>>;en at the pit bottont \\eij,dis 0(W lb., the tot.il

heat ])rodiiction |«'r minute on the abo\i- ar-sumption, would ha\e been
2'>.S X 0-09 X .5,700 or about 150,000 M.Th.r. Hy calculation it was found

that the air current from the north side carried awa\- about 4S,000 li.Th. I '.

ptr minute. The surplus, about 100,000 R.Th.l'. per minute, wi'iit partly

into tlv. r-urroiindini; strata and partly into the coal.

The above calculation ^i\es the benelil of e\(r\- doubt to the p\rites,

but it shows that in a larjie mine a \ er\- considerable amount of heat ma\-

conceixably be jjenerated by the oxidation of p\rites. It must be remem-
bered, however, that this heat is distributed over an immense Mirface.

and that by far the tjri'ater part of it is conducted aw,i\ into the mass of

\iri;in (oal, and the rock strata abo\e and below the seam. .As a matter of

fad it is extremely ini|)robable that all, or e\en the main part of the ox\iien

aliMJrbed in .i coal mine, ^'oes into combination with pyriti's. Mo^t of it

I)robabl\ combines with the carbonaceous i.iatter of the coal itself. This
does not better matters >o far .is heating' is concerned as carbon has a higher

calorific power than sulphur and iron, but it relieves the p\rilis of a lar^;e

share of the respoiisibilit\'.

The effect of jnrite has reciiitly beiii studied b\ Parr and Kressmann."
The\ niade numerous experiments on coal from Williantson countv.
Illinois. Lum[)s were selected, cru^hed and screened into thri'e sizes:—
0-1 inch, inch. .\ i)ortion of the finest size was further

pulverized in a ball mill until it vvent throiiKh an 80- mesh screen and 75',';

o' it ihrotijih 120- mesh screen; thus four ^^oups were made, which in the

following discussion will be called size 0, size O-J, size l-\, size \-l.

The sized samples were analysed and ]iortions set aside for experiment
as the\' stood. Other portions had pvrite added to them in known ciuan-
tities. thus giving lots of each size which were identical in all respects

bui pyritic contcnl^.

'T. I. M. E. Vol. Ih. ISMS, p. 4,';7.

' niv. of Illinois. EnB. ICxpt Station, Hull. No. 46, IQIl).
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tainJt 4^" :;^^;o":;;;:r;',^: ;;:;.•"--"' '—-'- -ens .ain-
first PI..-..I i„ „u. 4(.°..; .,, .f, r f , 7'r'""-'>-
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""'r"

"" '''^"^ '-'' -"-P'e
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'

, .

'"""''" ^^^'^ <""t .i.u.l in a five

<i;;.is..HKi,i,:;;;-;rr;:;;:;; ::-:;i;'-';H ""•- ^ i^^
"f the ..von was allowed to rir.ul .to ndv ,. .

"''' '^'"•P'r-'ture

"f "H' samples wa> ..hsorv . .,

"
kT"" ":''• '''"' '-"-"ure

•"

""i

'••-' -^" i-i.-i". ...a ;; ;
'

, ,,;::;;;';,;'^
"H'rnu,nK.u.rs fixed

fn.c hHwirn this ol.siTv,.,! U.m.M.r.M.r TV """^^"-""ItiKMJifior-

I In- coniposiiion of thr coal iiso.l in .)„
Proximatr analyses as follows:-

''M'tTinunts ,s in.lirati.l by

TAHI.i; \n.

Moisiiirc
Volalilc mailer^
rixcd carlx.n
Ash

Total

'^iilpliuri

^ii!i' (» an 1 (H

4 \h<

.<,? 4,S

50 X(.

II 5(1 -

IDO-
1-

(Mt

.'(I

••

Cilnihtleil to Dry Coal.

Volatile inatitT
Hxfd carbon
Ash

Total.

I Sulphur

.u .1)'

5.i •ON

IJ 00

100
1-

00

4 62'

''•<:
..

50-,s,s

111,? „'

100- 00 „

.U-7X';
5,? 5,X

1 1 • 64 1'

KMt-OO „

I-.?5 „

TAIil.K \|||

C..P.«.„ o, w,„,»»„ C. „„.. coa, „3e. .. P„ .^„_>''"" <"'/ /i>f stmun

Total iron
Soiiilile iron.

.

f'^rit!.- iron

Calculaicd^pyritc content.

Size O-i

101';
o-r.i

,

IIN „
1-76 „

Size ;-]

1-7.?',

0-67 „

I 06 „
1-60 „



InasnuR-li as mori' of ilio lar^ji-r si/.t- waMiMil tlianoi tlic tine, the aviTage

pyriU' ronlcnt of ilu' 0)al was laken as 1 -65 per (viil.

'FIk- i)yritic iinitiiit of llu' sariipks was iiicreasi'd as follows. Large

lumps of ijvrile were taken just as tiiey oeiurred in the coal measures of

Vermilion county. Tliesi' lumps were ground :o i)ass through a 20-niesh

sii\e. '{"he purit\ was detirmined to he 87 ()2 per cent l>y calmlation from

the sulphur content which was 46- 7.^ i)er ci-nt.

'{'he ex(Hriments were made as follows: four j.irs were tilled with the

coal using one of the four ililTeri'nt sizes in each jar. These were placed

oni' in each oven in the same increasing ratio of size of coal to tempirature

of oven. Thus size and size 0-1 were |)ut in the 40" (>\<n, size J-', in the

60° oven, size \-'i in the 80° oven, and -ize i,-] in the ll,S°oven. Kach

jar was left in the oven for three <la\s and then mo\ed to the lu'.xl hotter

oven. This method of |)rocedure sa\ed a considerable amount of tiiue and

was carried out after it was foiuid that the larger -izes were not appre-

ciably oxidized at the lower tempeiatures.

Parr and Kressinan give an elaborate series of tables and curves show-

ing the results of their numerous tests, and from these they draw conclusions

from which we ma\- summarize the following:

a. Oxidation is greatly accelerated and in certain phases is directly

dependent upon an increase of temperature.

b. Coal in a fine state of division heats much more rapidly than coarser

sizes of the same material, and this oxidation is in the beginning largely

due to the absorption of ox\gen by "unsaturated compounds, thi' products

being Inimic acids or other fixed constituents of th»' coal texture." This

oxidation "diH's not result in the formation of carbonic acid."

c. The presence of pyrite in the coal is a "positive source of heat"

due to oxidation of the suli)hur: "this may be considered the second stage

in the process of oxidation." iJul in coals of the Illinois type "with their

high per cent of suliihur" the pyritic oxidation is of greater importance than

the (ixidation of the coal matter pro|)er, i)ariicularly as these coals carry

nuich duff or dust, w hich is largely pyritic.

(1. Moisture is I'ssential to pyritic oxidation, and luidir tlu' circum-

si. nces of their tests it was found that in all cases "wetting the coal increased

the acti\it\' as shown by the ultimate temperature."'

e. The oxidation of carbon and hydrogen takes i)lace at temperatures

in excess of 120°, and ma\ be considered a third stage.

The above \ery condensed statement of Parr ami Kressman's work

does not by any means cover the whole of the ground of which they treat,

and the author has therefore prepared the folloving six curves from their

flata with a view to presenting in a summary form the results of their ex-

periments on the etTect of pyrite.

.As fine coal proved much more susceptible to oxidation these redrawn

curves only include the three smallest sizes.

' Tliis conclusion will receive consideration in its proper connexion.
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nation of ,hc- material showed that "sonic- of it was „vrit.-" Ti
•

;n.^s that a .a.. ,.. of the -...Ht." i„ .^t^J^y .J^;;:::«

tc-st on a coal, takinR it -.Imosi ,o
"." '^^A'S'';

They made a hihoratory

as pockets of fine particles in wh ih
"'\'^ "'^-^ "^'^^'''^ P"«-i''Iy occur

little moisture were presln
'

, .

"' '^ ""'''^" *"" "'»"^'' "or too

ex.en,.
' ""' "'" •^'"I>'''-^""rf would rise to a considerable

heatin, in .he inwtu.di.; .^ilh ^.Z^;!Z 7"' •" ''''"' '^"'" '°'^^'

This is no. re.llv a n.nclusiv.
" ^^ PV'tt. or pyritic shale.

"-—'•'- and it is r pr d f iT^^^^
''"' '''" P>"- started

the organic nuuter of .he c^
'

! ,

''
k

'"'"'"^' "'" ''"^ ^'^'^•«>- ^"

onee havin. he.un, would ,;;:;^;:; :^.;".^;,;^:;r;'"r
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;;;;;,:

af.cTs,xn„n.hs,oonc.
v<.ar's.,or.Ee -.nri in

'
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the „xi.li.„| <,.„.li,i„„."
"" ""' "^^'^ -K-ten,h „f ,he ,..tal sulphur ,„ he i„

ovapora,i„„ „, ,„„(„,„, ,^„„ „,,„,,, ,„ ^ ,™^. ' ''!

" .

»™ "»«l "P '" .!»

' I riiv. 111. txp. Sla. Bull. (.VlVIO™' "'' ''"• ^'"- -i^'-^O?-



43

tlic one which should be quoted for heat gencr.ited liy oxidation of the coal

siibstanre itself.

Parr and Krcssniann also exix-riniented hy adding p'.rite to roal in

varying (luanlilies and then subjecting it to oxidation. They report that

no matter how iiuRhp\rites was atlded to the coal the ratio of oxidized pyrites

to total iiyrites present remained constant. This would seem to 1k' analagous

to the matter of c\anide extraction of gold, in that a film of a constant

thickness on the outside of each grain was probably attacked. The same

size of pyrite was used throughout the experiments so that ad<litional

quantities would not affect the ratio of oxidized to unoxidized, or of oxidized

to total pyrite i)resent. It would have l)een very interesting had the pyrite

for one experiment been so treated either by screening or bv further crushing

as to alter the ratio of exposed surface to (juantity.

Conclusions.

From the above review of the various and apparently contrary opinions

held by the numerous experimenters who have studied the oxidation of

pyrite in coal, it seems reasonable to conclude that the divergence of opinion

is very largely due to differences in the coals studied, and that in an average

bituminous coal the actual heat generated by oxidation of the pyrite is, in

itself, not usually very important. Taken, however, in connexion with the

fact that any small increase in temperature of the coal will greath increase

the rate of al)sor|)tion of oxygen and consequent heat production, the heat

produced by the weathering of pyrite may become a very imiiortanl factor.

Whether i. will do so or not will depend on whether the coal under consider-

ation can generate heat sufficiently fast b\- its absorption of, or chemical

comiiination with oxygen, to raise its temperature to the danger point with-

out assistance from the heat due to the oxidation of the i)yrile. The t'tfect

of pyrite in liberating free sulphur and thus lowering the ignition point

is unimportant since the point at which autogenous oxidation l)egin> will

have been passed before the ignition point of sulphur is reached.

The calorific value of a carbon hydrogen compound is so nuich greater

than that of pyrites that a nuich smaller (juantity of the former would

yield any given amount of heat, an' 'lis fact taken in conjunction with tlie

relative sinijjlicity and iiccuracy ( le chemical determination of sul|ihur

makes it probable that heating has ii many cases been ascribed to the alter-

ation of the pyrite, when in reality it ha- been due to an oxidation of organic

matter that has not been detected by the chemist.

There are, however, some coals in which the pyrite or marcasite is

excessive in quantity or, like the "Barnsley softs" or the Williamson

county, Illinois, "New Ohio," in which it is peculiarly susceptible to oxida-

tion, and in such coals, it is probable that pyritic oxidation is an important,

and perhaps the primary cause ot heating, ^uch coals are, however,

comparatively rare and, owing ^o their softness and excessive sulphur they

^^i;
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are of lower roinnunial value iliau nnniial coals. Tlic pniMitii of storing
mirh coals for industrial u-e, aliliouKli of j^reat local iiucrcst is of relatively
minor importance, hut inilnriunaiely, even when -.ucli soft slialv pyritic
coals are worthless, they are liouiid to prove troiililesonie .is tliev cause
gol) fires if left in the waste underground and vet .ire iisualK of little

or no value if hrouKht to the siirf.iee.

SI/1. (II (OAI,.

Whether it lie tln' p\ritis in the coal which tirst oNidizcs or the coaly
matter itself, it is clear that the action is l.ir^ely supirlici.d, or in other
words, the r.ite of weatherinif in any coal is .ipproxinmieU proportional
to the surlace exposed to oxidation. This surface is of course inversely
[)roporlion.il to the diameter ol ihe particles, or in (ither words a ton of coal
in one-inch linnps has oidy hall the surface of a ton of half-inch linnp, or one
on<-lnMidredil) the stirface of ,,'.n-inch lump, which may 1k> t.ikeii roiiKhh
as the .i\cr.ij,'e si/e of coal dust, althoiii;li really ("me du>t iv of course much
hiier th.m this, and therefore has very much more surf.ice.

Other thinj;sl.einKe(iu.d. therefore, we may say that tile r.ite of weather-
m.U increases directly with the red lu lion in sj/c and is immensely more
rapid with lini' (oal than coarse, i.ut this is only true within limits, for in

order that weatherini; may take placi' it is of course necessar\- for air to
come into contact with the surface, and excessively finely dividid coal packs
so clo>e that it is virtually impermeable t(; air and thus after the included air
Kives up its oxyjien no more can i;-.iiii access, ("oal nuist, howexcr, he ex-
c«ediii!.l\- line and suitably graded to he imr.ermeahle, and ordinarilv we
find tlial hue" coal c.)nsi>ts in a mixture of strains of all si/es from impalp-
able i)ow(kr up. Such materi.il i> by no means imperme.ihle and affords
immense surlace to oxidation as compared with co.ir.'.e coal.

If we consider the effect of size alone on the rate of w<atlierini; we see
from the above considerations tli.U it acts in three wavs:-

1. The rate of absorption of oxygen varies as the surface .irea of

the coal, that is K, say inversely as the diameter of the irrains.

2. The rate of absorption will decrease as the suppl\- of oxviren
to the coal decreases, i.e. as the percentajje of lines increases.

3. The circulation of air beinj,' better for lump co.d more iieat is

lost by dissi()ation.

A \i\\v of fine coal is more impervious to air than a (liie of lump coal
and hence fineness increases the absorption in two ways, hut diminishes
in anotiier. The m.iximuni of these three effects is attained in a mixture
jf \er\- line coal with coarse, but not \ery coarse, material, the exact sizes
and proportions no doubt dilil'erinK with coals of different character and com-
position.

The aim of every colliery is alwa\s to pro<hicc as large a proportion
of lump cu.d .IS pos.sih!e. not primarily hectuse of anticipated dithculties
due to weathering, but because lump coal burns better in ordinary use and

IMMVilliiil
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tlu-refcre commands a Lhut pri.-., hu, ,h, orH>ra.i.,ns „f mining unavoid-
al.l • pHKhuc. a cMsulcrahle .HrccntaKe ..f fines even fr.„u the ha d^stcoals and ,nany otherwise- ^ery k-mxI coals are so frial.le that • hck"nmst.tutes the chief pr(Khict of the colliery.

I" all cases the an.ount of fi.K.s increases as th.- coal is handled and
sli.ppe.l and thus l.y tlu- time the coal reaches storage it contains!;"
laJ propor....n of exceedinKU ,ine tnaterial tmless it is delil.erately screenedan<l the tnies remoxed.'

In ...i.lition to the mechanical procluction of fine above referred to..rther tnus are pro-hucd as the coal wc-athers. IVrite is lar.elv respon il

"^

or h.s acton as has already l.en pointed ont.' the resnit I.ein, ch. in,"He acnd l.urst.nK of the coal owin, to the swelling of the , vriteon ,^-

ott^nnnerals such as calc.te. etc.. containe.l in the .leavaKe planes o\ the coal

Pyrite is, h.meyer, not the ,mly mineral constituent which breaksup c..al U- weathering, and Roth' nan.es M^ other n.i.terals whi 1 reKd.e to occnr n, coa all afTc^cted l.>. weathering, and some even soluble

::^^Cc:nt; -rthi-n:"^^"""^
'" ^^'"'"^ '"-" "^ ^"--«-- ^^^ -'

I-a>ol remarks that washe.l ,-oal heats a little less than .aw; thisobservation, whuh .s not true of all coals, is probablv <lue to the fact thatwash.UK removed a lar^e proportion of the du.-l and fines from the coal, andas we see from Parr and Kresstnann, the larRer the coal the less it heats
'"'ter and (h,iz draw attention to the fact that friabilitv is a qualitvwh.ch should be noted for any .-oal, in that as size decreases, area a.?dcoL-sequent oxidation incre.ise.

^a aiiu ion

erenerT ^"'V^''-
'"'"' .'"'"'^ '^^'"''"'^ "' '^"''- ^'^=« '^e s.naller ..he coal theRrtatcr is its loss m value \Kr year.

in ex'tloT'!'
"

''"'f
•
'"• ^"""'' "?' ' *^^'*"' •'"^' "f '"^"'^K'-a.ion took place

c lewtL r'";
''^.^'"'"""-"'^ "- «<"-.'^- of 'Vkr" coal, as it showsthe I ast ten, lency to dtsmte^aate to smaller si.es, an.l i- is free from markedspontaneous heating if undisturbed.

markea

The e.xp,Tience of the Calumet and Hecla Mining Companx max well
lH> c,uoted here; they at one time stored all their m.l in the f.'.n, of 'run-ofm.ne. and e.xpenenced nnich trouble from heating; u,Mm < hangin.. theirnunlKK^s so that only over^.e from a bar-screen was stored, and L ^n.^ll^bize Usui .. soon as possible, all trouble with heating of p-k^. a'asd

The inlluence of sixe upr.n tin. a.tion „f two American co...ls exposed toox>-Ren ,s w.ll shown in Fig. 6 tak-n from the work of Porter anT^itz."
' This was poime.1 out by De la K« hi. Ida,the .uhn-., and all .hre,- hel.l ,l„. vi.-w Ihii fin1-,
- fteo i>af;c 31 ot Sf(|.
' Chtni, (ii-ol. i>. 69 ft. Sftj.
* This writer's cxiwriiiu-ntM on ><f«ritiu .*.»..,;„ i- :. . i

:n
<- oa Ju._ l„ „l„,a„i.. • .Am. Ins.. I iK-in, Knt V"! iV

" mo n'jilT""'"Inl. ( onK. App. Chrai., I'>12. Vol. ,\, ..p. 2Sl.ib7:

nd HunninK. who were arnouK the very early writer, onlure .lanKcrous than pyrite.
u^Mierson

; valuable, bee The Loss
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Wlun (lialiiiK with mtv small c|uaiititii's of roal as in laUiratory

«-xiH'rinu'iits, tlif ot'frcls of fim's in rt-diiciiin tlic loss of hi-at l>y radiation

and in di'iri'asii\n llu' supply of oxynt'H arc iii-nliv;il)lf, and lu-ncf it is (K)ssii)li'

to K«'' ihi- diriTl fffift of iniroast'd surfair ar«-.i l>\ fX|)trinu'nt. This has

Ik'I'II douf li\' E'arr and Kri'ssnian'. and the rt-sults art- shown in curvfs of

whicii liirrj' sets arc ri-priKJuci-d from thi-ir |).ip»T, Istc Fi^s, 7. X. and 9),
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Fig. 7. Kl'firt of size on r.itr of oxidation .it i'U\.itc(l lini|Hr.iluri's.

Tui: sizK, siiAi'i., Kit ., 1)1- iiii; viokack imi.i;.

Wiu'ii roal is kept in a stora^'c pili.' for a coiisidiTaiilc length of linn- it

is a (oini)arati\i'l\' simple matter lo siiidy its condition by keeping a record

of titnpiTaiiiri's in a siilVicii'iit luimlier of places in the pile We can thus

readiK follow the \ariation in tetnper.uure of the mass, as all the reactions

are exothermic.

.\n\ heating' of the interior of the pile, whether it he small or jireat,

must he piimariK- ilue to oxidation, and the source of oxygen is the -ir

which hlUd the xoids in the broken coal diirinji the piling', and other air

which thereafter works its way into and through the interstices during

the whole existence of the pile. Some of the heat evolved is lost by radiation

and convection, but a considerable part of the loss is due to the cooling etiect

I Iiu!l. 46. liiiv. of 111. Exp. Sta.. twlO.



4S

ut the iiuerstitiiil t irculatioii .iho.f rtfirrtd to. It is iliiw i liar ili.it the

phy>ii.il ciiiKlitiiiii nf ,i -.tDravtf pile, tli.it i-* l<> si\ ii;» Imlk, iM>r<»it\', I'tc,

has a v<-r>- iniportant iiilliiriicc on its rair nf hcitiiiK'- A iliin "r |>uriius pile

may "xjdi/e ra[>i<tl\, Inn ii will U' kept cimiI Ii\' radiaiion ami I'Xtfssivo

ventilation, A very liiuli ami lonip.u t pile will avl Iim> litilf air to siipjiort

any siTioiis oxidation in llic iTiitrior ami ii- iltfpcr pari- will, lluTifori",
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Fl(.. 8. KtTiit of >izc on r.iti.' of oxiil.ilioii al fluv.iliil lcni|H-r.iliir(s.

heat wry little. .\ pile of inlerniediate poro>it\ or a [lartirular zone

in a lar^e pile will yet enough air to cause luatini; and not enough to carry

thi' heat awa\ and will thus g'^e a tnaxinuiin of trouble.

This matter of porosii\- is of Kr<-'ater importance than might at fif-st

be iniagini'd a-> tiie iiiterstiti.il si)aci's in a pile of broken mineral range from

15 per cent to nearly 50 per cent of the total bulk, but in adilition to this the

initial temperature of piling also has a considerable effect. Oxidation

prcxx'ids, otliir thing>.. being e(|ual. more rapidly as the temiu'ratiire rises,

and the rate of \entilation also increases both for evil and goiwl .is I lie coal

gels holler ..iid the difference between theinternal and the atmospheric tem-

perature rises.

The iiv-i-parab!" way in which the phenonien.i of this subject are bound

together is further shown when we consider that co.il ordinarily contains

pyrites or inarcasite, and these constituents under the inthunce of moisture
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(•aus( ili-iiitiKr.itiuii whirh. vkliilc i^cl•^a^ill^! l!u oxiilizinv; >iir(.ui's, ri'(hu:cs

the inttrsiili.il >pati^ in ilu- lu.»|i; wliih ujwmi -siirLu t r\|i.>M il .md (in illation

ot air (liiHiui ilu- rale i»l oxidation ami n-iiMijut iil luatinK. ami alwi the

sui)M'<|iirni CMilinnol tiic piU- iiimhi ixh'moI air to tin- ni.w>. It i-<( liar ill ti-

fori' that a urt .ii tUal may !>»• Irarniil liy olocrviiiK llir Ulia\iour ol ^inra^e

pilfs, il an altciiipl i^ lu.nlc ai ilif .--.inif lime to diiain lull inlnrni„iii)n as
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3!!!
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1'
, I'yi.lr |>I\ ( u.ll

I'll.. '). l-.lTci t of ^i/i' oil rail- ol oxiil.iiioii .It iliA.iIrd Iiim|« r.itiiri!..

to all ol the varioii- l.iclor^ wliirh enter int.. the ni.ilier: hut .i- .i full lon-

sideralioii of thi'si' fictoi . woiihl o|>en \\\ lie whole >iil>ie(t of « -Mtlu rinj{

,hall eonteiU oiir-elvts for the prexiit with noting,' .i h\v o1)m r\.itions

particularly (ouieriied with the -l/.v atid teniper.miri- of >lor.i)s'<' pilt>-

Fayol I'xpeniiienied wi th rispect to the limit of depth li\ cofstnnting

.1 pile inueh hiKiier .il one end tli.in the other, and pl.ned tht rttionieters

a' inter\.ilsin the mass as shown in V\n. 11, .md it will be tioted that htMliiiR

t<«>k. place in the dee|U'St part <if the pile about .i foot from the ).;round.

K.iyol concludes that ("omnientry coal will hiat dani;er<M! -ly il stack«-<l in

heaps exceeding; two metres in depth.

.\nother of Kayol's experiments w.i- with .i iiile in which he restilated

the rise and fall of temperature by opeiiinK .md closing holes in a tii;ht

httiiiK cover. This j;ave .i \er\ inlireslin^; demonstr.ilion of the ellect

of air supply. ( Fig- 12).

Porter and Ovitz expcn. lented in the laboratory on the rate of heating

under \ aryinc rates of air supiily atid set forth their obscrvatii^ns in a curve

which i..^ rcprwiuccd at paj;e 51 iFiK. 13). The;, say that "'n-e !<!ra!

conditions for heating are supplied b\ a large pile ol run of mine coal con-
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IHT .lilt liinip, will, h III .„„ y.-.ir's mit.l.M.r st.in.Kr
br.ike .l.iwii i.i .nins as shown.

.xptTinK-.H. -Ik- ,,ilr was a sn.a „• pr„vi,l..,l wi.h an inuurvious r.mr ami
wlH-n ,lu. air Mipply was ...tally sluu „(T uxi.laiion ha.l f, stop ami ,iu- pii.
los heat l.y ra. hal.on. 1„ th.. .as.. .,f tlu- v.-r>- larn. pil.. oi.s.TX.,! hv l'.,r..Tami Mr.i.u„n thm- was n.. inip..rvi,n.s ...ver, an.l ,.n tl..- ..tlur haml the
pile ... Its mirmal state ha.l v.ntilat.on hoU-s 16 inches a,Mrt throu«h.„.t its
...ass. I hesc- holes iHT„,ilt.-.l a.eess „f s.i ,n..rh air that th.- pil.. was kept
c.K,l „ sp.te of ,ts slow oxi.lati.m.l.ut when th,. hol..s were .lose.l ,his«x,linK
eT...^t ...ased, ami the pile h..at..<l s.>,newhat rapi.lly. As a matter of (act
the I orter an.l Hrunton pile wh.-n closed was substantiallv in the same .on-
<i.t.o., as the Fayol pile when open, an.l un.ler this comlition U.th piles
heate,!. The two sets of observation therefore conrirn, .,ne am.ther.

Porter ami nninion also f.,uiul that althouKh a pile mav be c.,ver..ci
w.th snow at the surface yet three feet below the surfa... ..f the coal the ten,-
perature may U- qniie hi^'h, thus in.i.lentally confirminK, alth.,UKh in a
.u.Kat.xe wax-, the obserxati..ns of the Now South Wales Commis.iur. tcferrccj
to .)!! p. 5.1.

'mom w mm
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more r.ipidly than ihi' samo coal !-lo\vK piU'd, or tlian stale coal repilfd.

Thi'ir results are k'mh m some detail on pajjes l.S4-l,sy.
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to atniDsplu'iic iiilhicncis, ;iii(l li.is in f;«rt a lower ixuiit of so called "aiitos

gemnis oxidation" than almost any other inii)ortant coal with which the

writer is familiar.

Fayol also in.ide a scries of exiu'riments exposing small lots of variou-

other coals to elevated temperatures in ovens. Thesi- exinriments arc

also referred to in another connexion on jiajies 26 and l(>8-<). Some of the

results olitanieil are shown in the followint; tahle which demonstrates the

elTecl of the external healinvr on the i)j;niti(-n point. The coal in each case

was conl. lined in a box 12 centimetres s(iuare by 3 cms high. The si^n

+ iiidicales that the coal caught tire, and - indicates no igiiition. The

small lii;iires sliow the time which el,ii)sed before i^jnilion t<H)k |)lace. From

these ex|>eriments I'ayol concluded that the temperature at which coal is

piled will have a large etfecl on its rate of healini; and its ultimati' tempera-

ture. .\i'V external heat as from the sun or from ste.im pipes would of

course \y,i\v a similar intluence.

lAUl.t: l.\.

Time Required to Ignite Coals Heated to Different Temperatures.

' "'"
, Ti iii|H'i.iiuri's 111 >iii\(>

-KKI1(H»" !.>() .'(Kl°

liiip.il|i.ilili- I'liudrr

.\iillir.n ill' ( \l,ii.ii>l

UilumliieiiH ii>.il I I'liv il I

(i.ls IMmI iCclllll ic'Mlrv) .
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--l- +

.Sli.

+
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Kilninindus cniil i I'ri'vili.

71i. .^0 min>.
i
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+
; ^_ '
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heal ill ain siml tIm's aliosr ilii-^ liiiiiHratiiri' tlu- roal rcciiiirrs protiij t

ventilation, lariliil watching, and jxi^-iliK divjuin^; out.

Ironi wlial li.i> Ikimi s.iid .ilxivi- it i>ol)\ions that llu' initial tcinpcraturf

of stor.inf is of MTV ^;rrai pr.ictica! iMi|M)rl.ini-.'. Atti-ntion was diri-ctcd

to tlu' inatltr in ISU.H liy ilic New South W.iKs Cominissioti wliich rrcom-

ini'ndi<l stron^dy that when coal was put into stora^'v in aity shajn- or

form, till' handling should be i .irrird out as nuich as possilile during the

((M)lfst part ol ihf da> . The conunissiori was considfrin^; ihf rase of

loading ships in a >iil (tropical climate, and its adxice apiH-.irs ver\' necessary

in that if the coal i> I cinvt loaded while the sun is shinini: it hecoiiiesi^reatly

heated and the>e hot layers ^'et loxirt'd o\er and so ritain their heat as

the siiperinctnitlK'nt co,d is ,i poor conductor. .\s a matter of f.ict the ("oni-

niission's ad\ice is ).;o(mI e^cn for temper ite ( lim.ites. and |)il<s m.ide in

summer are ofte?i (luile hot to start with anil liable to ^;i\e Iroulile. Of

course the coiiMrse isals<( true and jiiles made in wintiT rarely v;i\e trouble;

in fact it is said that ict' ai'.d snow .iri' sometimes found as late as miclsummer

in (oal piles made at (ilace H.iy in midwinter.

iCverv precaution should also be taken to ensure that coal after beiuR

stored is not heated even locally from some external source, ("oal piled

near boilers, and i)articularK ((\ir or .iroimd hot pipes or Hues is (piite

liable *o dexi'lop \iolent spontaneous combiislii>ii. The action of the stm

on a finished pile is on the otlur hand not likely to do harm as it is suinr-

ficial and the lu-ut gained in the day is usually lost in the ni^cht.

Porter and ()\itz cite a case in which a pile of cinders was observed

to take tire dui- to the iiillueiice of Ikmi radiated to them froir. a furnace.

The cinders contained in one case ,^,V , . ,ind in another 40'
, of carbon.
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CHAPTER IV.

Illl. OXIDATION ol ( M\i

I
$

J

III ilif prn iiliiii: iliMiission .iii .iilcmpi li.i« liiiii in.iilf n> siiifly c.ich

of llif (liilciciii l,i( lur- in the wc.illicrinv; "f fo.il 1>\ il>tll', or .is iicirlv l)y

iiM-lf .1- i- i)ii-.-.ili|c, ill urilir ill. it the |i.iri pl.iMil li\ f.i< li nf liu-^c t;irt<irs

>ii(>ul<' lie iiiiilcr-locHl. Il i-. Ihammt. (liHiciill .mil olltii iiiiixi-^^ildc to

p(irtii)ii mil till' r(-.iili> lorrci il\ .ininiiy ilu- MVtr.il i ,iiim-^. .iiiil in ilit- tlirff

next > li.ipi' r~ wr ^li.ili (li.il willi iliv ni.iiurnl wcii luring; in .i lini.idtr w.iv,

lirsl (iix ii>-ini; (i\i(l.ilinn of ilic ci.il ,i> ,i whole. ,uir| lIuMi llir |)r.n-tiiMl

proMfin ')f how lii-l lo picxfiil or iiiininii/c ihf wc.uhiriii); of >ti)r(<l (0.1!.

WV li.iM- .ilrcaih ^rcn tli.ii .ill <(i.il- ixcvpl llic lMnli>i .milir.u iic

•ihxiil) nion- or li—- <p\\v;(n on (Apo-iirc to llic .lir. Tlii- .ui'on m.iy l«'

(i)ii>i(UTi'<l iiiidir ihrtf lusul-.: oiciiisioii. oxiil.ir.in proper .ii low itnipiT-

atiiri->, .111(1 oxiil.ilion at cKvalid u-nipir.iiuri-s.

In o(ilii>ion the .iclion i> \ irIii.ilK the concinlr.ilioii ol ()X\ ^;»'n on tlu-

-iirl:i(v of llic t'.irl)on.iicoii> iiKitlt-r; llii- >iirf.iif lifinv; cnorinouMN I.hkv in

the cast- of powiliTi-il or poiou-^ milerial. No.ictii.il (hcnriMl coniliin.ition

i.ikis pi. ill'. Inn a (on>i<li'r.ililc .imoiini of ox>'.;cn i- i-xir.iclfd Ironi ilu- ,iir

111(1 niaiiud li> llii' (ii.il. and .1 (frt.iin amouni of licit i> divi'loiiid. 'I'lic

s.inic phcnoiiicnon i-- cmii more iii.irkcdK shown li\ cli.irco.il which if

froliK liiiriuii will on ixpo^iiif o((ludc liuhtiin' lime-. ii> luilk ot oxy^'en:

in fact >oiiie kiiid> of i h.irco.il occlude f.ir more lli.in lhi>. .iiid .iiiim.il

cluirco.il takes up so iiiucli ..x\>;en th.il ii is li.ilile to lie so lie.ited that

actual oxid.ition .iiid comlnistioii take place.

Occlusion, which i- .1 propertv of many -olids with relation to many

Hases, is theoreticalK (piite (li>lincl from reaction, such .is oxidation.

The k;is is nicrelv condensed on the surface of ilic solid in a lilm ol .ilmo^f

infinite tliiniio;, ..nd no chemical coiiiliii;.itioii between tlie two need i.ike

place, lull when ihe it-'-- isoxyj^'en and the -olid i> a re.ulily oxidi/ed inateri.il

such as co.il, the condensation of oxypn 011 the r."-:',!' t ind the ( (in>e(|Uent

rise in temperaliire n.ituralK' lead 10 oxiilalion. .i.d 1.'. ].. . cc it i> \irtii.illy

impossible to di>tiiiKiiish -.h.irply betwei c il.c iw Nji >larly, .ilthoUKli

oxidation l)e^;ills at low teinperaluro it de\-ei..|i;- .a.;- icii more rapidly

th.in it can be dissip.ited. and in such cases the tcmiH-ni! in of tilt ''uiss ri>es

at an esir increasing' r.ite until i^;iiitioii t.ikes p'.a e .iiul .k iim! oiuluslion

occurs.

1 Hunt. r. Phil. M.ii!. (4) \'ol. !'. 1H6.I. p. .t(i4.

IVw.ir. Aim I hmi. I'liss. !S) Vol. III. I'KM, i.", <-!>.



58

'"'> '^l"N AM. nx.nvnoN X T . ,M,IN \,<V , m,,k., > ,1 Kl S

'-p;;„:'' - '-""v ..i..";;:v;!;:r;'''''''

- ^""-1 ^inj.„,,n:.;!;;;:,:;;.H::;: ;:;';'''"'7"''''

^^i". -IH ..-K,,ni.M.l.s,..„.-...,| ,h, ,,„.| ,.„.| . , i I

"'"'"'""•"""•

Lewes i> ..f (i|iii,i,,ii ih.

!
I '> |in-.i III III t|„ .,,,,1

" '"•'l'-<'n'"i"M ..I ..xv.,„ j.. ,„ ,,„, ^„,. ^,

jp;""';;", .--Y'-'— v.ni...i.iii„i...i,..,,.,.: ,.:„ .

^:
111- ..... uni.Ml ,.l,s.,rpi,„„ ........ , Hm. in .n.ip.r,,,,,,. u|„.|, , , ,

'

mii.ii,.,ri,s„x...„ „„.,,„iiiaK „.,iii «.. .-.Ml Ti.:' J ,r r"'^"-'-'•'"^ ^ -' '-'•'--inn.i..,,. :r.::!;: ^;;

11..- .irKii..uiiu 1,1 (.,v.„ir,,| 'i. |u,,.„|u>is .uv:

.
' "''" ''" ''I'-'n.ii.m ,,| oxvu.ii I'v •Ml l~ lull.,.,. I, ...

•

;:;;;:;;;;:™;:r
--«..'-- .':::ii;i;;iM::;;-:

.;.j,,.;]::;;:J:'::;":r.:'';:-;:':f;:;ir;:;;:;;;::if''-^
111., .ili^urpii,,,! ,.| <.x\>;(ii.

'">'.•.> (ri.l |.\

.V TiM. il .lu.al,M,rp.i.,„ u.-i. „„ , li.ini.al i, ^^.,„i,l |,. .,,,„| ,„ ,|,^„„ ,

-•'''•••'--"-•'i.iH...n,i;..iv.ip..H...i;i;,; !;;:;::,;:;'
''^'''''''^' -•"-

Cox I, ,1111.1 lll.ll .11 lirM ll:..I, >,\vn,.,, „ 1^ ,! -Mrl, M 1 1

--•'-' '-••-.arl,..n.li..xid....v.,K.;;^^^^^
^

.1
.lui, .„„|.|

I...M.r. ^U...,,uUnuu^r,.Uuu,n,,.u\..l I : T:
"""""~ ""

"xyK.., al,M,rl,...l. In .,,.1, .a.-. part ..! ,1.. . v ^
'"'"""' "'

•'r.o.ui..„..,i,,,,,,...,,,,,,,,,,,,/'7; 'j'^-;- :;''''^

'-". i.i^l'H,..r al.!e in ana.L 111... ..,,.;:,,,::;•;
•'''' ^^'''''' ''•''•'-•-

Stansfield^ i„ a >l. ii. ,.
f ,„. .,,,,j... , ^,.^„ _,.^^ ,„„„,,„„, ,,

pan tiia. ih.Mili^hl pl,,vin I hr iH.alii,.. ,.f n,.,l.

'"

M|.t.ill).rk'v-liit'l INT^i, pp '.v.. ,i)M
n; I \;u„i \r.i„i,.,,,, \;.|, ,1. iv,,,. ,.,, _.i„..,.,s
hill. Is 'Ut utcnilH.li ,1,- 1.1 linijill,- rxi,i,-.{- \ r-.,r MMm.Tnat. < „,,«., \,,,.| ,1.,.,,, \-..l x' :.',;'"„,, Vj

htiynl l»;v.



S9

•Ih.n I .til lit' lli> •liililil lli.il (ci.il ,ili»irli^ oW^rll Tl ili..iir|iiii>ii

iiuiy Ik- iik-i liaiii< .il, or < lit iiiii d. ur IhiiIi I li< li« ii ( \i<l\< d vvuiiM Ik very

ilittcn'Ht it ilu' .ili-"r|»liip|i «<'i« ( liiniii .il Irum wliai ii «i"ili! Ik il it wtTr

nici li.iiiit .il, lull it iiui li.miial .ili»nr|ilii>ii iiunK iinii.jiij < luiiiii .il mm-
liinalioii tin- (ni.il licii <\ni\ii| wniilil \n- lilt «,iiin .1^ if llurr wirf miK

cht'iiiicil ( <iml>in.iiinn 'IIh' .iI><i\c -.i.iii'iiiriii^ arc Iriir wlullur llii'

ii\\ m'li nitiilpini - w illi 1 arlmii. -ul|iliiir, iir aii> uilu r rniHlilinnl nl llir < oal.

Wlicii a ya-. i-- alr^irlml l>\ liiarinal, il i* rtiidi nil \tr\ i liiliiicalK'

ai ii\c. llidiiuli ii'ii .iiltii iciiiK »"> I'l 1 nniliiiic. Id iii\ a|i|(r«( iaMc lAlciit,

with I lie
I
Mill- I all Hill I if I In- 1 I I.IK I lal II (i\\ i^. ii wt re ali-iiiliid |i\ i nal in

.1 -iiiiil.ir iii.iiiiu I llurr wnilld lie »Mr\ ic.i'iiii 111 Inlirvi ill. II il \\,i- lliiriliy

ri iiilcrcil S(i\ I liciiiir.ilK .irii\f. Tlic f\|)iriiiu iii- ul l<i< liter-- -huw that

siiiiir III llli I .irliDll.uciill^ lll.llliT 111 lu.il i> lliun ra-ilv ii\iili/(i| liiail lIli-

,(,! Il i^ i|iiilf ((lilt t'i\ atilf ill. II ilii .ili-iirlii li iiWK'ii \Miiilil tiinitiiiU'

W illl lllf Ill.lli\tl\ Cl-iU ii\li|i/( (I t 111 M I ml 11 111- 111 I .ul mil. 1 1\\ ^t II. .111(1 ll\ ilrii-

^'tii |iri>fiil in lllf (d.il. rii( M' rc.K liiiiir. umilil v;i\c mil licit .md tlurcliy

intrt-.i^t' the rliciiiit ,il ,itli\il\ nf lllf i\\^;tii .mil iiiiulil In' i inicciM'tl ,is

luMlillii; lllf lii.i^s •.iiIIk iclilK III .lilnw llic (ix\ K»ii '" ' iiinliiiic w ilh tlic lii.irc

diHitiillK oxidi/alilc (.irlmii. 'I'lii- iliiiiiit.il .utitni. in wiiit li miK (i\\i;cn

wliifli li.i> .ilrc.idx liccii nu I'll. mil .ilK ,ilp,nrlitd !•< iiiMiKid. wmilil nut im-

\ti ' tlu' MU'ch.tnic.il ali--(ir|iliiiii Ihmii liciiiL: |irii|iiMliiiiial In ilu p.iili.kl

[>r(.->iirf of ihf oNVu'tii-

Tlicrc In oiii- other ilienrx .i> rt ^.ird- ilie .ilisiir|iii(iii uf owkim n.micU ,

til. It -iijip^ted 1>\ Haldane .md Meachem in tin- etfei i tli.it ilie i.\\,;tn

,ili-iirlied i> .ill liM-d ti|) in ii.\idi/iiii; liie |i\rile proellt in llle tii.ii This

tlieorx , liowiMT, i- ii'Mlr.iiA in tlie l.n i lli.it the .ili^nr|itinn nf nxyi^'en liy

coal i-i not I'rnporlinii i! in ilie .mioimt nl |i\rile iirexm, luit .is iia> liriady

lieeii St.lied ill .molt . I t iLijilt r il i- |irnli.ili!t that \>\ rilif o\id.ilion dm - play

si'iiie part in ne.irh .ill c.im-- nl m.il we.itluriiiK-

111 1.'<7l), Richters' >lii>\\e(l li\ rniii;h c.iK'iil.iliniis li.i-icd mi experiments,

tli.it I n.il fre(|iieniK .ili>nrlied mi iiuii 11 o\\ )^'en ih.ii il it .ill • miiliiiied with the

f.irlmn.K fiiiis nialter of the < n.il, ,md the re>ult.int he.it ueic iini dis- i|).ited,

the tt inperatiire of the (n,il mi^;hl he r.ii>ed alitne ihe itnilimi |mint.

Ill lirst nsade i\perimeiit> In find the anioimt of oxy^,iii .ihsorlied li> 211

t^'r.iinnu's of (lilferenl cn.iKin t\\el\f il.i\>. Theco.iU iimi! were dried in ihe

.lir, lull were iiol he.iled to drive off lutlroMopic w.iter. The result-- .ire .i-

folinus:

-^.lnlple . . 1 -

Mnisitire S\S' ,
.VJ(t',

< K\i;i'ii ali-mlnd .
4.S -.Vt-.e. ,^ll- Ir.i .

I

.? 4 5

.s ly

,

2 54', MO',
.^0 lle.i IS- 2ec. .i'> <>e.<-.

"SiiuT 2t>yr.iniiin-> <»f .iti !t. . . -.li tn < u|t> a \ 'iuiiit' nf .iIm-ui 15 (r, it f(-lIi)\A.'- Iiat s.impki

t, 2 .md .^ .iliMiri- '1. in (wiInt d.u -, iii»ri* itMii I'lrti,' tiiiirs ilu-ir <'\mi \'i1uiiu- nf nxvyit-n

> ThLs rMt'lulf.l .t!..^l.ltl.- , IT": K<
:nii!ifH Jiiu ii;i! iii>r th- •i.tn-^l-iiioFi"

hut the liir«(-;fi lihr.iri' 4. ilt-* worl
ithv til in iti.ti nf .iiiv ihi r fit tlic i ,i

th- Rcj-Tt of (h.
*

i^ »'x. . I'diiiKiy valu.ii>!»

iy stii'li-nt* of till- M\h]

.u-nhfi the (>fii;m.i! papfi!* in i lulttM Pulv-
s \V. U(iv;il (<>iiitm>*<i(itit .in- r -•• fiMirul in

inil int»Tf>ir !n« ami i-- u-.otv tlimni.^li .iiul lrii;«t-

t with tlif (inr ''m fi.u..u n( l-,i>'tl.

i
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Sample 5 ,,l,>,.rlH.,l i„„ ,„„l half ,i„„.s i,, ,„|„„„, „„| ,,,„„,, , , .^
tim.-s iis v..li,iiir." ' ' * "^" ""'' '""I •' quarter

:"^::.,,^;--"^:« ;;;-:;::::;:;::---3^
nmr. il.an was al,>„rl.,,l l,v ,„,,l .,„„„l... ' ,,,,1 < i,, m v

' " '" ""'"

.'.a. .!. sa,„e an.,.,,, „ri,.,„ ,; : ,t 't'': ,: ,

";""'" '^^""'"^

;;.;::^;^r::;;:;;J;^f'""'''r''''"'''^

s„ "In f

•
' '''-"n'li"n whirl, Rui-s ,m ,,s ih,' ,,M„p,Tatur,. ris.-s H,.

r.,:::;;:::;;;:;::;;;::;:;;;,,:,,"-? t:^- ;!;:;.';:;:;:»rT;/'"t
"'""'"""

'^ " l" 1^ I I'l
' 'I lis hc.uiiij; ii.iwcr,

l-:r)', rarlKm,,vi,liA,l „,,,,,l,„n ,li„xi<lc vield ,,,, , •

Ol^;
, ln.ln,K,.„ „si,|i,..,| ,„ ,,,,„, ,(,.,,,

" ^^'^ ^^^M2', '.xyK.'nal,s.,rlK..! f,,n„i„y wan-rruniainiiin in dw a,,\ ..... <n ralorics'

Total
2X(> calorifs.

».2^:9:;:;-:;,^::-;;;:;:;:-r;:-;;:;;;;-

F^idnors- calculation is i.asc.l „n a nnmhcr of assumption.. Mostof thcm arc no douh, suhs.an.iallv ,ruc. hu. a considerable part of ,he ),..Rcncrau.1 ah.v>s necessarily passes olT l.v radiation and onvec, n r^as a „uu,er of fac, ,cw if any coals calch fire spon.aneonslv unless expo edto the a.r for nnu-l, longer periods' except when they have' been prevLuJly

Richters- observations luue been confirmed bv Parr and Francis'ho were able to expertn.entally note in coal indications of a tvpe of com-'bustion or heat Reneratton accompanies! bv evolu.ion of ,.ases at a tent-perature tar bel., v the ignition point

b th coal, and retnoval ot carbon as carbot, dioxide; there is probablv athml form tn the n.mo.al of hy.lro^en as water, bt,t this has not been deter^

^''w^^^'^m n-"
"̂iX.. .'i;^
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1

miiud Willi ,in\ iUy.Tiv of aciiir.uy. ,illlinut;li (litcrmiii.ilionv ,,f liviln-K.-ii

have shown Mi\>ililc v.iriations in the proportions of this sul»lan( ..

'I'lu- rale of fixation of oxn i;i'n \ aric- witli the nature ol the coal, and

it ai)pear-. in Kencral, Knalrr for co.ils rirli in xolatile matter llian for iho-e

poor in it. The rate \ aries with time, lieiiar comparaliwly rapid al the

beKiiiuiits '" exposure. Imt slow towards the end.

Rieliters hini-i If at ,l later date and M'wral oliur experinien.vr- have

contirmed and extended the aluAc- ol.servaiioii--. and (crlain of tln'ir ob-

serx.uions may be noted hert-.

Richters' ex|)erinu iiled with two forms ol api.ar.ttus. One consisted

of a ^iass tube open it one end ,ui<l (aii.il)le of beiiit; clo-ed at the other

by means of a tap. I he other \\,i- an app>iratus de\ i-ed by Dietrich for

gasanaKsis, and more particularly for the .aterminalion of < arbon .iioxi.le,

nioditied in that the lead condensing' wo.ie w. - replaced i)y a i^lass tube.

A weijrhed iiuantity of co.il was introduced into die i;la-s lube ol the tirst

appar.Mi- and packed tiijht with a siii.dl asbisto- -topper. The opi-u end

of the lube was (li|)ped below mercury and the la]) .it the iii)per end allowed

e(iuilibrium to be established belwei'U ihe exurnal and internal pressure.

Alter standinsi for one hour during; which the temperature of the room liad

been kept constant, the tap was closed and the volume, temperature and

height of the barometer were noted. When usini; the Dietrich .ipparalus

the flask intended for an evolution of Kas was emi>loyed as a receptacle for

the coal.

The first experiiiieiit was made with the Dietrich apparatus. Fifty

grammes of powdired coal, from the Jacob l-\el ni the Theresien shaft were

used, which had been lyiiiK in ,i loosely slopped bollle exposed to the air

in the laboratory for two moii'l-<. Readings wer^ i.iken every twelve

hours and reduced to normal temperatures and pre-. ure. In !()« hours,

U) cubic centii letres of air were absorln-d. To determine whether the

absorbed K-is was oxygen oi not, the oxygen left after tln' experiment was

absorbed by an alkaline solution of pyrogallol. Taking air .is coptaining

20 S', of oxvgen b\ \<ilume. there were origin.dly present 4t) 5 cubic centi-

metres of oxygen.
'

Thus if all the g.is absorbed by the coal was oxygen,

there should have been 24 5 cubic centimetres of oxygen left, but only

23- 1 cubic centimetrts were absorbed by the pyrogallol solution. Richters

did not claim any great degree of accur.icy for this experiment; but it

cle.irly showed lh.it oxygen is absorbed b\ coal.

The second experiment was made in the calibrated gl.iss tube with

20 grammes of coal. After nine da\s ()•() cubic centimetres of oxygen,

i. e., '>,V, of that originally present, had been absorbed and after thii there

was no more absorption. Powdered coal was used from the Robert level of

the Theresien shaft. The sample was dried in .i desiccator until its weight

became constant and then immedi.ilely removed to the slightly w.irm tube

through .vhich a gentle stream of dried air was passed until the tube became

cold.

Rfport .'f -.-.rrvm'.; '-oa!.

m^^^^mm;^. m^r
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.....:";:::;.s-;;:r;;:r:;r;::;:r::;';;;;^r;;rri;'"''f;'-^'
-

satural,,! will, moisiur.. ,l„ri,u' ,h,. „l, I

'':"" "'''''• ""' •'" «'«
I- •

nurmj,' nio whole cxiHriliicnl In 1(1 ,1 .. • - ^

: :r:;;;;;;;:,ri:z",r'"7'"*"^
'''•-'

-''"^''«s:.;n

---"; '•-' V"n:'^;'::;';:;;:;,,r,^::,;
'-'' ^'' •

':.:"Jr";;,t:;::i;r;::n
'"''' - '-

-akcd i„ paramo through uh then .' m T" ' V"'''""
"""^

app.r:u,J' nii:i,r.i;':;™ ;:vr"-»«-
"' ''"«norin,,.„,. „,a* „,,;, ,,,,

TAIil.K X.

Absorption of Oxygen by Coal in a Closed Vessel.
lllillJane nd Mtat hem)

Time simc closiiu'

llask

Hour

1

5

12

24
36
48
56
72

N'oKative pri'sswre
"if nicrriiry

Inches

Ol.S
65

1 2,S

im
i-w
:.-M)

^ s5 I

4-30
I

1 iinr siiK eel.

Il,i>k

Hnji N 'K'ltiVf pressure
>f mercury

Days Inches

4
5

6
7

Q

11

24
6 months

.s-o,s

5-45
5-75
6 00
6-10
6- 10

600
5 -85

'
- '.^m^^- -av-'.
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A sample nf ^;,is was llicii w illidr.iwii .iml analysed. 'Ilic roulls iif

ilii> .m.iK si- wirf.

—

1 Al'.l I. \1

Composition of Residual Gases in Vessel.

Ill (ill' iinJ \l- : lirm

( )\\ m'll

Ciriioiuliosiilr

I'ircd.inip. .

( '.irliiiii niiiiioxiiU'

Niir. iKrii

W.'.A

(I IHid'"

1 -'>(>

(I ri^r
(I (I I

."

'I' ')57'

1(111 {i(ij'

Assuming' til. il (inly (ixyycM isalisDrhcil |i\ ilir cual ami tli.il no iiilru:cx-ii

i> cvoKfd ti-is anahsi-, wouM indicilc a diniiniiliuii of prcssiirc <'i V>-.^

por (viil. When tlu' llisk wa> duscd li)f haniniiicr \\a> at 2')- 75 iiu lies

and the diniinnlion in pri'ssiin- \\.i> 5mS5 inclu-s, or 1")() per rtnt nt 25'>:>

inciu's. An even cIumt clu'ck ua> olitaincd in annihcr cxpfiinu nt Tii.idc

with similar coal undt-r similar londiiiuns.

Some exiHTinicnts were llu-n made ti> ulitain (|nantitali\r ilata <in tlu'

rati' of oxidation of ('(lal and the (•tTe<I of variation of temperature on the

rate of oxidation. The ap|).ir ilUs used eoiisisied '

.i \essei with two

ti^'htly lilted perforated corks, one ,it each end. 'I'hrou^h tin lower cork

a current of pure air was intrixlticed. The bottom of ihe \ essel was covered

with pumice sione and the coal was placed iti a thick layer on to]) of this

with a view to securini; an even stre.un of air throUi.;h the coal.

The air, on leaving the vessel, passed throui^h a smaller ves,el which

could lie disconnected at any time and its contents analysed. 'Ihe air

then i)asse(l throu^'h a .inuill metier and thence to an asiijr.itor. Ihe

v ^sels were lioth fully immersed in tlu' water bath and the temperature

was kei)t constant for at least one hour before any sample of air was takt'n

for anaUsis. Tiie roults of two experinuiUs are shown in T.ibles .\II and

xni.

i

m
:!:'*;. -.<. •.C-v.= 'i;'"'

ru
W^>
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IMil I Ml

ABSORPTION OF OXYGEN.
Experiment I with 02 pounds of finely crushed coal sent from the pit 4

days previously and crushed just before the experiment.
Il..:<!.j,i. .,.1.1 \l ,,,;,,,,„

IVni|iir- rinii- -iinr
II nil' , ,,,|| «.|,

"MmiIi ,rii-li,-,|

K.ilr nl

V 111! il iiiori

pi r Iwiir

llrii, jrii

'1 MS\ ^1

\

II

t '.irli.iiiii

.lUij

iiii iiM-cd

1 iri' il.inii.

.IINJ

iMrliiMiii

al.-irl,r,|

|irr t.Pll i.f

1 imI .111(1 |irr

...
lixi,!,- liciiir

I'i«<. (. ||„„rH Cul.i, f,-,.| I'lT ( 111 I'rr 1 fill I'lr mil ( ul.i, I'ni

15 _> II i|i||

lll,!l

1 III

0-72

II or

II 1)2

li-2'lli J • t.=

15 5
1

' U)

15 8 ' (MIMI
1 IK) (){)5 - - !').=;

16 20 (1 114

(i-m

ii-4()

1 2')

()()4

(M)5 • '1)75

l-2f.*

.<;! 25
.i >S

42 2') I II- 114 1 4.S 1)12 0' Inn 4 11

52 ,?> ; ()t(M 2. IS OK) OUI) 5 5')

•V.TUil.iliim :.ft on tor 1 - liours since last <U-ternnnat on.

'! AlU.i: XIII.

ABSORPTION OF OXYGEN
Experiment II with 2 7 pounds of crushed coal (same sample as used in
last experiment) sent from pit 3 months previously and fragments crushed

a few hours before the experiment.
'//li/r/.jrtf' lift.I .\r,-,lrhfm^

TiMii|i(r- K.itiM.f

mil' Mill il.iii. Ill

"f li.iili piT hour

'>!«>. ("
('iil)ic fcei

15 l)()7N

71 0-084

l)c;ti, inicN

111 ii\\ noil

I'lT (cnt

0-4I)

5-.?l

C.irliooic-

.,(i(l

ini riMsc'd

IVr lint

1)()<)

0-67

< )\\ Hi'Il

C.iiiH.nic .il,„,rl,oil
I- 111' il.mip ,,\i,p. ,,or loll of

roal ,111(1

per hour

I'' V coin IVr con; ( iiliic t'ci-i

00 IIOO ()..>(,

•••<»" 014 ,?.7l)

~

llu.si- cxpcnnicus show rkarly that the il .•..ptinuou.slv ali.orl.s
oxygen front iln- air, l,„t that this ,tl.sorptiori is at a .lern-asi„« rate as time
passes, so long as the temperaiu^. is runstam. The ..ite increases, however
very ronsKlerahly as the teni . attire rises.

Il shot,!,! a!so l.e note.l ii, lassing that tiie evolution of carbonic acid
while continuous is somewhat -rratic, and is in all cases vvrv small as com-
pared with the amount of oxygen absorbed.

%^mM^m^'^^w. PtMt •..;^^>.^-S*mi-
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Talili' Xl\' sli(>\v~ tin- rc^uli (if .111 rxpiriiiuiu |p\ ll.ililaiH iiid Men hem

to (IftiriniMc till' cllii I of scaliiij,' off ,i >,iniiilc of (o.il w illi a limited i|u.iiitity

of air. The rati' of ali^orptioa of oxy^'cn \va> i (iiiii),irati\il\ rapid ,it the

start, liiit (lf(ri-a>(.(l sitadilx and «iili ( oiisiiUratilc iiiiiforiiiiiv . This

(fccrfasc is aMrilxd li\ tluiii to tin- diiriMM- in tlic prcssiirc of tin rcniaiiiinv;

ox\v;fii in tin- lla'-k. and no doiiln it i- ,.artl\ due to this, Init the first four

linis of Talilr X 1 1 show that a similar (iiirtasc in rate orcurs with time, even

whin thi- ci\yt;in supply is loiistant. I'lic i al< nl.il ions which Il.ildaiif and

Miarhem maki' as to tin- proliaMc rate of .ilisorplioii im<lir \.iri<nis con-

ditions would, tluriloM . stem to lose ,i p.irl of their wiliie.

I AUI i: \l\.

Absorption of Oxygen at Reduced Pressures.

I'.ric.l

I'ir-t 1\ Imiirs

Sc, iind 1\ Imiir-

Tliinl .'I lii.iir.

I'ciiirlli 24 lioLirs

Kifili J+linurs
Si\ili _'+ liiiur-.

.Nh'.tii partial (lx\ K'n ,1 i-iirlii (1

pri--.Mti' nl

piTiciiianc ipf 1

.\l iiii'spliiri-. Ol.^lTVCll ( all lilalK

I'rr-..iirc.

I'rr ((III !'( r cent

17(1 ()', ti- 7

11 ') 4w 1-5

7 ') S\ <1
•<! 2 5 2 1

.'J 1 ,? IS
2\ l(t (IS

Porter and Ovitz' lielievc that the aKsoriition of oNytren liy coal is

chemical rather than mechanical. This opinion i- lar^'cK l>,i-ed on an

experiment with Heiilon, lllin(>i> coal (No. 4') i

:

".\ftcr liciiii; -iipplicd with ii\\i;(ii fur \\\v iiumiiIi^, (liiriiii.: \vlii(h time it rumliiiiid

with (ixyi;(ii (-(iiial in \ciliiiiic In iic.iiK -cncii tiiirc- ii> mvii \..lmiic. a nithiiIc mI' the i.ial

was pla( ((! in .i ll.i^l< in '"liliiiK w.itcr. I'll'- );.i~(> cmiImiI ilnriiit; 1.^ iniinilr> lioilini;,

shdWfd nil (•\( c^" of ii\\i;i'n c>\ it ill, it ciini.iinid in the ,iir".

The experiment outlined ,ilio\e shows that the ox\i;en alisorlni was

not meriK occluded at the end of its ti\e months' conlaci with the ( oal,

hut it does not pro\ e that occlusion was not the first slep in the process. It

should also lie noted as Stansheld'-' has alp.'<id\' pointed out,

"liiai when tin lo.il i^ lic.ilcil i.i ilriM- mil an\- (ixvucii (icdudcd, ilic cspcriincnl lic-

ronu's iinrcli.ililc, .i>. .11 the liiijlicr icnipcr.it urcs ihc niclndiij o\yi;in would rc.ii I so ic.idiK

Willi till- i(ial that ihcrc xvonld !« liitli- cIkhkc of ii~ l.ciiii; cvoKid".

The series of experiments is. howi-MT, -o inlerestini,' that a stinmiar\

descri|>tioii of thiin is ai)pen(led.

'

"^
-th:;!;;;! :;:L;i: r !!. T' S !l;:r-.L:: 'if M:!;t - I'M 1. "Thi^ -^^Lifv (jf :::« frv'll 'iLl!."

'
'1 lie i'.iiik "f ( .UKKla. ".'ii.'\l,'l'i|V.

;
ill".

w^^i2^^m^:m£^MS^^Bmasm^mmi^jms.
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Til. Mlcllln. ,,t |)|-(,(v.ilirc .idoplid wa-, ,1, tMllnws:

«,,,,,, Ml,,. ,,,.,,,,,., ,r...ril,..,|, I. ,„..,.> „ ,.„„,Mi„.., ,,„,„
;

"I'.'l. «..s lu.„ M„,,,H.r..,| „s ,,„„kK .., ,,,,..,1,1.. „M..,llv «i,hi„ 5 so ,„„,„.
f ;;

|u-,.| ,1 JO M,i,|,.,inl|| ,,| y|.„., liiMiiK .,f .' „i,i,,l„,r,., ii< ,,uirr ,.,,,1 l„.i„^ .,,;|,,| |,j ,,',,i^,,.p

,11

:^;x;::,;:::-;':x:;;y;-:;:-i;;:-;-;;;;:,;f,^^

al>s

iiH In, 11, IJ' in .(_>".
" trniper-

|.,,iir (.,,.iU, .\,,. .<7 .!>,„. ,|„„ii.,-. \,,,, \,,. ,i')
, II., r,i,l„in. Ill, \, ij c, ,

,1,1,1 \,, Jl),ll , , .

,.iir,.-r,,,rK, "11. .\',, H iS|,<T,( ,in,
• .'"'I N... 4) ili,,„„„. Ill, „„,, ,„l,,,,„,,| „, |„nl,..rinv..MiK..t;„„,,.| „ ,

..,,

1 1„ I ,,, , ,, .

" >-.'.'-",'l'" w.is.ii I'Mic w,nir r.i«,i ,>r,i

;;::;: ;.;l.
:':„:?

'"""" "•" - """••" •"
•
"" -- '--« -•'•<'--' f"- -.u:::

A „„,„l,..r .,f ,„h..r ,„„|. ,s,n- u-.u- „ .„„..«l,,„ .i,„i|,,r ,„,n„..r, ,„. „h,>„.,1 s „„„|e.

Tlu' rcMilts (.1 those tests arc shown in Tal.lfs W , W| .,n<l XVII.

No.

M\

41

4.<

*')

Kind , if coal

T.Mil.i: .W.

Descriptive list of coals tested.

III' County I'lace N'anif of

coal l)ci|

Mine

nil iiin,„oij^

|),'i

lanni 1 Kv.

S,.n,i"l,iu„„i„. ^^
^'•'- ^''""" ^''-'-'Kah

.
I'i„.l,„r« No. 6.

„.'""'. \a..
. Tazcw.ll

H, tun, III., I, > . Ill S.ilin,.li-— '.-
.

I'a. ...Kav.„....... C.nnellsvm,. fittshurg
. ! ! Ixi^^nHn^ No. 1

Jy,>.
Swn.iw.iKT. Kock SprinKs Uook Springs No. 1'" *.i,'-l'on ||;,„„a I.owrr. No >'

- .[olnison I'aintsvlll..
: : ! Flanil^eau.

I'lKahonl.i.^. N,). .? fi.iby.
Il.irrisl)ur«:... .No. ,S

[ No. 9.

Siiiii-biiuiiiiii-

""^ Wyo. •.<ln.ri,l,,nB; ,1, ... Shcri'lan
numinous. ... Ill (.r.iiiklin Bonlon..

No. <)

No. 7.

Dici7 No. 2

ll.irt-Williams.

' T,>rhr.i.,;i! P.;::!.r I. f ;::: !;f M:;u.,. I'JII. „ ^aininniB ,il ( oal in the Mine.'
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I Mil I \\ I

Absorption of Oxygen by Coal.

{I'iithr ilH-l ll.il;

C o.ll .,1 ....,1

Kil..

IM 1 ir-i

\.A1

i't'ri'Kl t>t liini

'oimIkiiUm". \.l.
.VHll.lV-

\\ ,l,i\-

M <l,n-

( l\\.;i II ( )\\<cli \"mI, of ( lx\-

riiiiiiMd .Hliiiinril l;i II .ili«oil.ci|

: \,.|, ,,l ...,,1

11

1 .XM> (1 17t

1 iMii (1 .<<>()

7 _'7> II 705
..'1 M(( ' (7^

1 Mill III7I

111 nlonlll^ 111.' 1MS5 4- 115

ll.irri-liiirk:, 111

iNc. .VI
,

ltd Ml-. * .l.iv- I iiiiii II 1 15

\,AI .'I il.iv. II II II IIIIII

\.\1 M ll.lS- l>ii 7 .
*_'ll dill

N.M Sllll.lV-. IIIJ -' . : M II .>.t5

\.AI 15.< il.iv- ,
*(ii 17. Kill l|.5.'ll

\,At ,11 ll..\~ !^l l.lllll II U<

1' niiiMili-1 1.120 .<,<..'.' J-.s5.i

Shfri.l.in, \\\i

(N... 4.1;.

Benton, HI. .

.

(No. 4Q)

HI I'ir-I 7 cl.i\> , , .

Ni'\i 2.< (1.1% ••.
,

.

52

\.Ai .n il.i\~ 'it

Next M) (l.i\- 51

NiM 'I.' (lavs 1S2

\(\i .U (lays IW.

7 months 015

12..' l-irsl 15(l.ivs (I

Next 15 i|.i\ s

Next ()2 (l.ivs

NcM M) il.ivs

Next .U il.iys

Next .565 da\ s .

.

17 iiiiiiitlis

11411*

1 .5511 (|..>tll

villi l).4.s.s

_'.<>4II (l-4(i2

H.7(iO 2- 157

.<.'»'« 1 0()12

.S7()

2.041)

4 -.562

0-220

XU
60.!

S72

4.610
,V(,7iio

10, '170

15.520

0.4"4
.!.5.i2

IIH
1-570

2..*5.? 6() . S40 6-<W5 iM

1.1 Relative volumes (if ^' IS
, in- coiii|)iil('il on the li.i^i-. of I lu- .i|i|i.ir(-nl --iieeitii ^;r.i\ity

of the coal 'taken as 1-.?
,
thi- value licing the averajje of a l.irKe tuimlier of •!. i(-riiiin,i-

tioiis of sm.ill luni|) size ' 1-inrhi coals. The volume occupied by lOkilo^jr.itiiiin-^of coal is

therefore taken as 10'1.3 = 7-7 litres. The voltim- of the pon-s in small lump coal,

assumini; an average .. solute specific gravity of 1-45 may he computed as one-tenth of

the volume of the lumps, that is 1 1-45- 1 -.iO) -=- 1 -45 = 0- 111!.

'1)1 Tot.il for live months only.

(cl Oxygen from air in case of .N'os. .!9 and 4,?. Oxsge

37,inil 4'). The jrreat irregularities in the rate of alisi ••] ti

irregular Kimission of oxygen.

' ,' pure, in case of \os.

( oxygen are due to the

WsH
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TAIll i; Wll

Absorption of Oxygen by the above coals in closed vessels.
t./ ilni-i

Co., I \, I'.rioil .,1

JO

M

41

I .r-i >I ,|,n-

N.Ai 'l.l.u-
I ir«l 10 (|,i\,

N<\| .'I ,|ay.

lir-l 4 cl.iv.

\r\i .»(i il.n-

Vrsi Id.l.ix.

NiAl »l5il.n.

• K^Krii .il'^ctlicil

I)

II

.'.5(KI

\'>luilii'..| lo.il

.'..((Kt

t .IIKII

I . i-'O

(1 M.t

fl M<

II (H

0' .'NS

lis
0' IS.)

The tiRuns in Tal.!.- X\| ,|,, ,„„ ,K.nnii ,,1 anv iiMMw,,rtl,v istinuiv of
111- rat.' at wliuli ,,,al al,>,,rl,> ..xvk.m. .lur l.. ihc la.l that it «as tnun.i
l.Hf 1.1 the n.„rM. .,1 il„. .xiKriniriit t'lat ihr ilfj-rf,. of .uM.-.ntratiun of
tlu- oxVKCM hail a ^;r.at inlhun.. ..,. i he- rat.' of al.sor|.tion. Or.lin irv
air hail l,...n i.miI i„ .oni.- of ihr t.sis ai„l >)S' ; ,,„r.- ovvk-ii in -thtrs
1.1 all <a>cs. hi.w.MT, a ra|.i.l an.l ioMK-.ontimud ali^orpli.,,, i. shown
anil tliiri' \va> litlli or no in ..!iiii(,;i of .arhoii liioxi.jc.

'riuvoliinuofairfiuloM'i! withthrcoalin thc5i;alloM '.H.iih.s um,! to
rnntaiM the .ainpl.s was a litli.. on.t 11 litres. Thus ih.n- ^un orii^inallv
{.riMMl al,oiil 2,501) ,ulm- ..ntinu.tr.s of oxv,u.-n in .a,!, with ahoui threr
tinus tins x„i,„:.r ot coal. Samples of ,!„• air from some of this,- Lollies
were w.lhilraun Irom time to time and analvse.lanil the results whieh ire
Kiven m Tal.le Wll.shou ,|,.,t xirtnaily all of the oxvK.n was aLsorhed
quite soon, lor exampK., eoal No. 41 al.sori.eil slit;hllv mon than half of the
am.nmt m one dav; at the same time ii ..volvvl litil.. m,.re liian on,-„,„h
a.- much earlMMi dioxide as would iiave JMen lormeil if all ihe ox>^,n ah-
sorlied iiad coml.ined with carlioii to form earl.on dioxide.

Parr and Barker' experimenting \si' I, Illinois coals ohiaine.l results
shovMiiK a lari;e al,s-Mplion of oxyuvn. Their teMs mav i,e summari/e.l
as tollous: coal dnlimKs were se .led for twelve months in jars with v.,1-
limes ,,f air equal to from six to ten times the volume of the coal After
one >car t he air was wit hdrawn and analy-ed. The coals used were

:

1 Spriuylield. S.niKamon Mine. SaiiKamnn ("oal To.
-'. Sprini^heid, S.uiKanion Mine. Sangamon Coal Co.
v i; .orado. .Miiu- .\o. N, ( )'( iara ("oal ("o.

-^^ M-"-i<"i, Chica^'oand Mii: Miidih ( oaU o.

' I liiv. c.f Illinois Kni!. Kxiit. Sl.Ui.in Unlli'tiii No. .ij. I'lll'i.

W'^yir-':^k'Wm:^
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I
1

^«»

5. Iltrriii, S(|iiirril Niiiur Mim , < liii .iC" in'l ' .iriicrvillc (n.il < >».

<>. I )ii <^Miiiin, < 'it.iiiwc 1(1(1. 1 ).i\ i^ < (i.il ('(1

7. Hcllcvillc, "miIiihImii < (mI Mininu » o

.s. O'l.illiiii, Mine \(i. 1. I.oiii-" .mil < )1 .iIIuti » cil <(>.

I \HI I Will

Abgorption of Oxygen bv Illinois Coats.

\lMllllc

Ut, ..I (,m1 i:rin.

i'l.l.ll \..lllHli ••' • 1- ( Ml I'l-. .1

ill >
•

( )\\ Kill '
,

Niiriijjrii ',

I
i

II III i i\ \ \l \ll Mil

1()() I
«') jMi |s; I ic HI I *> l"-*

y; ( s||< ^tii ^\\ >)< ^^< ^^" '>*"

n Id ii I
( 'Mill 11 nil II .'^ II no n imi I 15

')') <(> 'ly ')t 'Hill >>\\i 'i7-(( 'IS 77 <is'i'> <i(, <)i

3

Parr and Wheeler' li.i\f dutif \rr> \,ilii,iMr vm"' mi itif I —i-- in

ciinrilii \,iliif (i| IlliniM- id.ii- iliif to (i\iil.ilii>n. wliiiii llnv ((in inlc to

raiiKi' t'l'im t V , lo ST, (.mt.i ptiiod ol tin in. mill- In \' \ ..I the

impurlanic <>{ tluir work im .iixilni^y i- n(ir*-,ir\ tur ilic Lilldunm -'Mnt-

wli.it cxlciiiliil .ili-lr.irl (if lliiir piilili-luii npori \u>\\ <>\\\ nl prim.

Till- dials UMil l(ir llir prim i|ial -, rii- ni lisiv wire inMii SaMi;ain(in.

W'illiaiiiMin ami Wrniilinii roiintii'-. Car load Idlslidili i>\ ik.i kmI and

MTci iiiiiKs were prmiircil ami (MU-liall ol i ai li w.i^ pilnl diil i>\ dours to a

dcptli of .V, fell in lonuli liins wilii i irtli lloms. 'I'lit- oiIk r li,.lt-i arloads

wirr pill ill (oMTrd Wooden iiiiis with lioard l!oor>- laiMil il.oiit iii;lilrfn

imIuN alio\f the Krotiml. Tin- roal in tins. liiii> w.i- partK exposed on

two sides. Other portions of these (oals were placed in iari;e earthenware

jirs holding om lun.dred pounds eai h, and aftir heiiii; eo\ered with water

V re stored in .1 cell.ir h,i\ ii i; .i temper. linre of .ilioiit 7(1 dei;n e~ 1 .ihrenlieit.

In addition to the alioxe co.iis, s.miples Were olit. lined I: mi piles .^7

uitej rout ainiiiK not over^OOtonsofscreeniajis from Christ i.m.imi iMilton

mtifs; iIm SI- piles h.id lieeii eiitireK exposed for si\ months: ,iiid troi'i '..XTgC

pif-s of Willi. iins-m and Franklin eonnt\ eo.ils heloii^ini; to the Conimon-

:i\ Mili 1, .

, one loiitainini; J.^.'IOd tons of eus; lo.il lietweei: .^ and

•11 ii r. aii. .iher C5()() tons ,,{ init, and .liird 4..>(>0 Ions of washed

s.iinples were also ola, lined from .i .fteeii ton lot of X'ermilion

lal wh: -h ha'l been piled on the ground for twn .mil .i Mlf \ears

m iTi.iKsed from time 'o lime. ;i\\(\ iaially some mine [lill.irs over 25 yt.irs

ofci and a natiiral oiUiT..p' in Teoria r<)Uiit\. were aeiurately sampled.

n ;i !- impossi .le to sample any lot of coal exactly as rey;ards ash

an*-. iliui all H. I'll. C. determinations were referred to the actual co.il

1 li-

AX^^f^t^S'ili-^'



K.M, n, ,,,..,. .k...,|. ..„,,,,„,„., In.„.|.r.,..|.,,l,i,,l,. ,„ll,,.,nK...r,nuU

U.lh.l
. ,„ .l.i.rniui.,! - \\,,^|,, ,,, s„|,,|,„r,

l<>0 iMoisu.r.. t |.(,,s y ,,.|, J ,.,_, ^. 4,,,^ Suli.lMin

M)(M.
,. u.,u „ .,1 s„l,,|„„- i„ ,,..,„Hls ,„r i,„„n,| „| ,.,,.1 r.,.r.-.n,, .l...'""""^^' "'•l'--l,.lu,rinM.Ih.l

ri,i,„,|.,!„.u..llnJ,|,..|u..ui„K

\ IKMII l,,\ < 1,1 SIS, II I iNul-.

Nil < n,i.

I«IU0

ISI8IHI

Tinn- of Mcr.im- Mnnthi.

Fli.. 14. ('.iloritic iH)\HT sioriil loal

" 10 II II

aluc; of ,lu. .oal ^uon l.y .In- ralorinu t.r in onicT to ov.n u.n. anv varia-

TorJ >''"'""" "^ '"'''''" """•" *" "^^- ^'^•'•^^'' ^•"••I'l-- Th- tern.^0« X ash represents .h.. mineral matter .,f ,1... n.al that remains afterbu n.n^ co.i.plHe y an.l als,. an a.l.liti,.„a! eiKlu per rent for the waterami carLon .hoxt.le tha, were not part of the coal, but which combinedwuh the n,mera! nuuter of t . ash an.l thus took the plaee of an equal
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1 I M\

Calorific Lossci in Storage, Vermilion Tnunty, Illinois, Nut Coal.

s,,iii|il.- 1 Afii

lirv .... i. I' '

r. I. !; .i

I'l.ii I II. il

\, ^iil|,liiii r. I II I '< Mint H III I !
I .il

si,im 11 IN I M'li-i I' MiN-

S, 1,111 il.l\ .I- lllilll 'I

7 <l.i\K .ilur Miiiiiiu

_' iniiiilli> iliir iiiiiiiMi;

'i iMiiiilli- .ihi r iiiiiiiiii;

12 linMllll- .llirr ininill.;

Ill 55 4 .'5 1 ''''I 11-11

I ( 'IS J f,5 1-'. II.' II :iii

, I -M .' (7 I
' .''.5 I I 577

If 5i .'111 Ij ('Id II 575

|« (>.' .' >.' \2 >>2 II 4''S

i(S II (id

J(, I I'll

:vi
,

I I.I

ill.
;

j n
I

Mum II IN ' 'i\ I Ki n liiN>

s.nlir il.is [•' Mini i|

7 il.i\>> .illiT ininiiii;

2 inimllis .iliiT iiiinink;

6 nionllis .ihi-r iniiiin^

12 iniiiillw .ificr iiiiitiiii;

111 55

1 .( <»«

I.< !

ll-7<.

l.<-52

-t .'5 1.' 'I'll II sll

2 (i5 I.'. IK' II 71(1

J !
i li 17^ It. dill

J U I-' -I 1I.I7J

2-72 12.22(1 11,411.'

o.s dd

2111 1 12

M2 2 U

lit 2-77

MIIRI II I NHI K \\ Ml U.

Same (1,1V as iiiiiuil

Sanii" <l.i\ ,1s MiliniiTui '1

ft months .ificr mining

12 months aflir niiiiini!

4-25 I2,S')1 : U Sll

2 d5 12.412

,?-.U 12.(11.^

14.71(1

14.52(.

.?»t
i

12.2.M : 14, .517

'•S (> fi6

2'ili 1 06

2Q7 2 no
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weight of actual roal. The last term "f2?-^am v vi i i
•

sulphur eorrecte., ..r the ^>.yj^^Z.^^^l^^'T wIT^ '']

.« bur„.l, any sulphur that was con.l.i.u;, .i.h in, . (l^Hu. ^ "
; :,'t

18000

WIIJI AMSIIN COUNTY. ILLINOIS
Nur Coal

uooo

13800

linu-ul M,„;,K,. -Mi.ntli..
»!•""<

In.. 15. {.ildrilic p.)H,T stored coal.

The lu'' V ^'^ '" P^'"'
''"'^^' '''^' ^'^""^ "'"--1 f-'" '1-sc testsThe alonhc

^ ah.es from ,h.. lahles have l,een plotu.! iV,^. H ,o 2,)

how . ; of? , Y
""' ;" ""

;

T'^ "^^" f"^ •'^^^^' -P-in-Hs. howe^er.

oi storage decreases the weaiherinsr l„sses.
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TABI.i: XX.

Calorific losses in Storage, Williamson County Nut Coal.

iPiirr ami H'hiiln)

I)rv ci).il. IVc
S.nii|)K' t.iki'ii.

li.Th.r.

rifcrriil

A.sh. jsulplnir.H.Th.r. ';!',,''|"" M.Tli.r. I'.r.-ont.

S.iiiH' il.iv .i~ iiiiTii'd

Stoki I) IN Kxi'(isi;i) HiNs.

1 ,< • '>S

7 days after mining 14 00

2 nioiillis .ifHT iiMTiinK 14',?2

6 nil ml lis .ill IT iiiiiiini; 1.^ 81

12 iiioiuhs .ifUT iiiiiiiiiK \l -SH

.^7,< 1 2 , A<)') 14,.S,il) — —

.?()2 12,.Ul 14.S21 SS i 0-26

412 12.4(W

12.4,S,S

12,7.S<»

U,J(.?5 24 ' (I- 1(1

^^^

2-7.1

14.7(o

14.7.U

').S

12.^
S

(I(i4

84

Si(iKi;ii IS ('i)\ i;ri:i) Hivs.

S.iiiu'(l.i\ ,1^ iniiiril l.<-')8

7 days .ifiir iiiinini,' 14">()

2 months afliT miniii); 14 OX

6 inimths aftiT mining l.<tl(>

12 months afHT mining l.?24

.<-7.^

,^•02

.? .S4

.^ • 00

.V20

12.4')') 14,S,V)

12. .Ul 14..S21

12.,?7.S 14.7.W

12.46') 14.044

12.428 14.010

,^8 ()-20

12,1 (1-81

21.^ 1 l.>

lU 104

SluKlil) 1 NDKK WaIIK.

Same day as milled 1.? -ys

Same day as submerged 14' 00

12 monllis after mining 14'S7

6 months after mining
!

l.'iOS .^' 1

.?-7.? 12.4'W 14.8,S<) —

.M)2 12. .Ul 14,821 .<8

12,()<)7 14,67.?
j

186

.?.42 12.2.S1 14.721 [ l.?8

0-20

1-25

0<),?

«k



74

SANCAMOX (OINTV, II.I.INXIIS

N'l-i Coal
16000

I4O0O

13800

EXPOSED BINS-
COVERED BINS--
UNDER WATER —

"
1 a :; 4 7 8 9 10 ri 12

Time uf Storage—Monlhs,

F-H- 10. Calorific |x>wcr stored coal.
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TAHI.i: XXI.

Calorific losses in Storage, Sangamon County, Illinois, Nut Coal.

Sample taken.

U'urr utfl U'.'ir./.ri

Drs coal.

Ash. j
Sulphur.

M Th.r.
rifi-rrid heircisc.

loai'lu.il

iir unit

M.Th.f omI. B.Th.r. IVrnnt

Same <lav as mined.

7 days after niininK.

2 months after mining.

6 months after mining

Slukll) IN l-.M'dSI 11 lilNS.

17-87

16-(K?

17-45

16 (M

12 months after mining 14-97

5-75 11.741 14.773 —
5-10 11.800 14,571 202

4-()6 11.626
I

14,497 276

1-37

1-S7

4-'»l 1I.7<)8
I

14.444 .W) 2-23

4-68 I 11,8(jO I 14..?07 466 3-15

SroKi-.i) IN I i)M.Ki;i) Bins

Same day as mined 17-87 5-75 11.741 14.773 _ i

202

—

7 days after mining 16-63 5-10 11.8(H) 14.571 1-37

2 months after TiiininK (aampk-a)-- 16-08 5-03 11.012 14.600 173 117

2 monthsafter mining (,ami)l.-b) 17-57 5-01 11,626 14.535 238 1-61

6 months after mining 16-30 4-52 11.682 14.,W) 437 2-96

12 months after mininc 15 -W 4-65 11.589 14.165 608 4-12

Same dav as mined.

Same day as submerged

6 months after mining.

SroRKi) Indkr Watkk.

17-87 5-75 11,741 14,773

16-63 5-10 11,800 14,571

15-90 4 21 11,8.54 14,461

12 months after mining ' l.=!-95 5,11 11.851 14.503

202

322

270

1-37

1-83

tjt-
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ISOOO

VKRMILION COUNTY. ILLINOIS

SCRUMNOH

EXPOSED BINS
COVERED BlNt^
UNDER ;yaTER

3 4 5 6

Time of Sl,,r.ii;r -M,,i,tl]<

••'' I'. Cilorific powir storci! coal

7 » S 10 II 18

(From /.,„., „„,, Uiweltr.)
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lAUlK XXII.

Calorific losses in Storage, Vermilion County, Illinois, Screenings.

(r,;rr ,m.l \Vh.:l'r<

Sanipli' taken.

Ury coal

A-h. Sulpluir. H.lli.r

SlOKI-I) IN I^Xrilsl II HlN^.

li.lh.l

.

ri'irrii'd Utcrtase.
1(1 a<iiial

or iinil

1 uii. n.'iii.r. I'lT I'ciii .

Same <l.i\ as miiici

clays aftiT mining i.impira)

(lavs aflcr iiiiiiinK (.amolci.)

1 7 • ,s,s

2 miiTUhs after miiiiiiR (sample ai l^-"'

2 iiKintlis after niiniiiK (Kimpiebi- 14-6')

(> iiK lilt lis after niiiiini; 15 •(),<

\1 iiKintlis after iiiiiiiiin 14-46

.'-.^5 11,'».<7 It.SSS

.'•S7 1J.;14 14.720

11^) t.'..Ml7 1 1.7.S')

.'-.S.! ll.'l.^S 14,4'<7

2<)0 l.'.K.s 11,.^7S

2-44 Il,i>f,<) U.4.><7

2-24 12. (Mid 11. 5(14

lf.2 l()<»

12') II N7

.m 2 (o

ill) 2 Its

401 2 d')

•VS-l .^•'•2

SlOHI.Il IN {liMKI 11 KlNs

Same (lav as mined . .... 1 7 • >ss

7 (lays after iiiiiiiiiR (,ainiilcai .
l.'''X

7 days after milling (sampii- iii .
•

1.^-6')

2 incinllis after miniiii; 1.^ -2(1

6 iiKiiiihs after mining 14-51

12 iiKintlis aflcr ininini; 15-.?6

l^•< ll.'>.<7 ll.S.KS

2-S7 12.414 It. 72(1

2-2'l 12.5(17 14.7(i'l

2 51 12.124 U.dllS

l-l-' 12.(;7I \\.V)\

1\1 11.7'i7 It, 225

l(i2 l(t')

12') 0S7

2 SO 1-88

4')7 ^-.U

(i(i,( + •4(1

Same da\ .is mined

.

Sriini.:i) iMii-n W ATiK,

17-8.S

Same day as submers;e(l (sampl.- ai l.^-'*8

Same (lay as siitimerKed sample b) 1.^-0')

(1 niiintlis after mining ' l.v87

12 iiiiiiii lis aiier iiiMi!h,ii 1.V55

2 • .vs ll.').-!7 1 4 .
S.v.s — —

2-87 12 414 14,72()
1 .- »

i-no

2-1') 12.507 11.75') 12') 1-,S7

l-.'^i 12.27(1 14.514 r' 2 51

1-1
1J,J>-,^ i.l,-:-' !(>.' 2-72
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19000

W1ILIAM80N COUNTY, ILLINOIS

r.mp of St„ra«,--M„ni|,.

'•'" If*- Calorific jjower si
' coal.
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lAHl i; will.

Calorific losses in Storage, Williamson County, Illinois, Screenings.

S.inipir t.ikt'ii.

lh\ (...,1.

A-h. Siil|,!,iir. li.lli I

li 111 1.

rrlVrrrit l)i-iriMse.

in .11 lll.ll

nr null

.^..il. li. Ili.r I'l-r (1111.

Skihi II IS i;\i'ii«i i> l!is-

S.imc (lay a'^ Miiiiid III.? .M7 I2.i2l> 14.7S2

7 days after milling 1437 3-34 l.',.'X7 H.fiWi

2 month,, afirr Miininn 15-6f) 2(u 12.133 U.7(i|

6 months aflrr iiiinins 13'76 2-84 12.342 14..V)7

12 nionllis .il'ur niiiiiim ... 13-77 2-7.^ \2.MS. U..=i7'< 1H^

11(1 o-7,s

.SI o.s.s

is^; 1-25
-_

1-37

SriiKi 11 IN CuMmii H[N<

dav as iiiiiu-d 14- 13

7 days after iiiininK 14-37

6 months after mining 13-60

12 months after niinini; 13-43

317 12,42(1

3-34 12.287

2 months after mining 12-62 2.'>8 12,608

3-03 12.372

2-72 12. 38,=;

14.782 —

14,666 116

14,705

0-78

0-52

17214,610

14,.̂ 82 200

116

1-35

Stiikkd imiI'R \V.\ti :(.

14-13 3-17 12.426 14,782 —

Same da\ as subnierged 14-37 3-.U 12,287 14,666 116
i

0-78

6 monthf, after mining ... 14-38

. . 13-60

3-54 12,262

12,447

14,645

14,608

137
j

0-03

12 months after mining 2.')7 84 ' 0-57
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SAM.ANION < liINTY, ILLINOIS

ScMl;):NrNi.s

~r "
"

^
3 —H <

1 '!_ i !

<

I f -- "t= x— —<-
9 i- _-'>.^ . .--

! '^i.^*:—-^-X ^-N^
i- ^^^

- ^*.T -_- ir^
lbs'.

__. ^;. i
"""O-U ^''^_l

EXPOSED BIN'^i "^^-U
COVERED Pi'V-: - 5>_

UNDER WAT^ER ••- ^^^-^ •^'^ -!=-« - -^

"'-''-!
'! 11 T M 11 11 1-

II-,om V.I,, and XViirrlt, )

TiMI- '. Sicir.lK.- -Mc.Mlli-.

I"l(.. I''. (',il(irili( imwcr >l(ir<il id.il.

.mjamBix'mMa»*imaLi.K-z..jR.' ss^. Jti .7.
'
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Calorific losses in Storage, Sangamon County, Illinois, Screenings.
r.lrr ,;.,./ II ;...;,ri

S,iiii|.li- l.ikr

II I h I

!>!> 1 li.il. I' I. in i| 1 hi n-.iM'.

lo .ic I'l.ll

A-li. >iil|.lnir. IS Ih I ',,,.,1 11. Ill I r,r(.-nt.

SinkI II l\ I.MO^I l> lil\>.

17H I '».' 75 J 1 '>ll|

7 i\,\\* .iflcr iiiinim; 17 (It 1 17 i.M t.lM l.'i 1) S4

1 nif'iii li-' .ifitT mining 1
-

. ) > 5 1 lu 1.1^ 1 1>S l|l> II 7')

6 moialis after niiniiiK 17 l).' 4 51 5J(i 1 .'SI .<.'.* 1 2\

1 2 iii'iiil iw .ifiiT rniniiiu 17 .'5 151 I5S ,< .
.S5 i 7.M > U

iiKI I) IN I (iM Kl II I!|N^.

Saiiio (lay as iiiincd.

7 (lays after ininini;

t71.i

171)4

2 niimtlis iflcr iiiininK lH'i.K

(> iniinilis after iiiir.inj; 17-,<0

\2 Mil mills after MiiiiiiiK' 17 -06

<>2 11,75.'

47 11. (,M

7C '1,114

()7 1 ! . Kid

7.^ 11..'+S

oil I

ISl

,
1114

, .'(I.?

,'»44

l.',i II s»

Jim 1 .^7

.'41 2 ,V<

(iiiil 4 52

Same dav as niitied.

Same (la\ as submerged

.

SriiKi;ii I NiiiK \\,\[i,K.

171.?

171)4

f) iiiontlis after mining 1').86

12 months after mining 18-27

4 "2 1 1 . 752 14.004

14.481

14. .^2

—
4-47

5- 60

Il,f)84

11.127

11.479

12,<

2.^2

4S1 l,,478 126

0-81

159

0-86

.-.^t»..j»r.-.- -» --^-r.—i^i-. iiiPP mmm Wr-T?
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\VKH,\(,K\.\l.rKS IROM TIIKMX I'KKC H)IN(, hK.IKK!*

IVKW

14004

13800

"^ "^ — """

---

-

[_
Si^tj .

=H =-
•^
X ^ ^ -

' X ^
!=i tc

•
' ^

V ^
"

1 i.
^ ~- ^

~ - - -
-

- - - -- - — -

EXPOSED BINS
COVERED BIN€
LJiS 1^c- rs. vnv Lt-H L ,__

I 2 :i 4 i 6

Time of Morage

—

M..rtths

I'li;. JO. ( iilorilir iHjwir storicl lo.il

9 10 II IV

(pr-.m I'urr .ml WlirtUr.)
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T.M i; \xv

Calorific lotsts in StoragCi avr -e values from six preceding tables.

s.iiii|>lr t.iki'n.

T\ rttiil.

.\*h. - i.liiir, » I 1. I

It 1 1> I

nlirri il

to .11 lll.ll

t)f<

ir tillll

<.mI. nil, I IN r. nit.

^IIIHI II IN I IliM II HiNS,

i

S.1I111' il,i\ i'* iiiiiii 'I

7 (lay- .ifirr niiniii);

i iiiiiiitli" .liter iiiinlPi;

f) miinlli- .ifirr ininiin;

12 niimih-. .ifHT ininiiii;

IS-. . ( ' t.'..'JI 1 t.T.sr —

:^-ls IJ.Ilit 1 \ itiiii I.M ti n>

HO,". < (>! • ' iii4 1 1 MKi i.><i \ 22

i4% .» M, .' OHl n.,^-'."i -'(•-' 1 77

14 V* _"i 0(.> H.K') (KS .' 7(1

1 K I- i . ( 1 1 N -

Siinio (lay as mined

7 (lays after iiiiniiiK

2 nmiillis after iiiinii

6 niiiiilli> ,ifler mi-

12 months after in

Hi IJ.J.'i 14.7-S7

1.> 1(,4

!_ l.'s

1 4 , fi()6

1 4.(l(l,=i

14.I.V4

121 UH>

is: \11

,vu 2 .'(>

<-= 11 'M,' 14..fJ.4 4(.4 '

1 4

.1 ; W Ml K.

Same (lav as mined. .

.

Same day as snbmerned

6 iiKinlhs after mining .

.

12 months after mininj;

1 iH I J 'jl 11.7S7

^\.i .! ' \2 Kil 14,(1(1(1

15-S4 .?-fi'' 11 ')'7 U.^M

lv02 .< 12. (WO 14. 567

121 0-S2

2,S,^ 1-75

220 1-44
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I AMI i: \\\i

Calorih'. losses in Storage, Christian County, Illinois, Screenings.

i/'j,» .ih.i Hi,,.

Niiii|il<' i.iktii.

l>l\ (..,,1.
1 1-. rr,

It III I

n l«i rrt!

.

!•! .iiIimI

or iiiiji

.\«h. Siil|,ltiir. n.Ili I . (0.1I II 111. I I'rrc.iii.

W lirii -Kirnl, ' \l,i,iii .' v\((k»
.iliir iiiiiiiiij> p) >i) 'III II L'5 II »75

5 llliMlllwilH \|I,,M il |.ill- 1.1 .ill.. lit

5lKlli,lH(||,i.| llr.il. .1 li.i.lK |(, (,S in II Iji IllIXt ,('».' -•71

TAlt. 1. \\\n

Calorific losses in Storage, Fulton County, Illinois, Screenings.

tl'irr /«.; \\li,rlrrl

Sllll|llc I.lkcil.

1 iM-ck-. .ifii-r iniiiiiii;
.

') lll.illlh-. ill cvl.i.Mcl pilr .\ t,.,.|

''•'I'
i

Drv r„.,|.

H.lli.l .

rilirnil

I.. .iciimI

I liTrc.

or I nil

Asli. Siiipl- H.lli.l . .-...il. It. Til. I. I'rrc. nl.

-<>'>'
.' 1.' 11.111 U..il)(l

-M 12 .M7 ii.n.'i i4.,i').s in: 070
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\ I li Mil |M\ ( .11 S U . II I |\iM>

-- - -

^ —
- -

"
- — —" — •

- -.
~i -\

-.

ti^3
-^

s.

1 ^-
•^

•^
-x

^

s ^ ^ V
^ ^ ^

»,
"^ ^

•* -

2.
^

•v.

V ^
•^ tt

3

_ —
-

- -
i«m 1

EXPOSED PILE
UNDER V/A'IHR

^

—

uaJ^____ _ 1

—

10 16 10 a da

r !" ;-(/ It 'ir,/,r <

Tum-ul McI.iB.- M..M11..

Ik.. -M. ( .llnlilir IxirtiT -lc.H-.| Mi.ll.
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T.Mil.i: X.WllI.

Calorific Losses in Storage, Vermilion County, Illinois, Screenings.

ll'ilrr 111,,' llV.vV.r)

S.U11|p1c l.lki-n.

I)r\ L-o.d. referred Di-crii-i-.— lo .IClll.ll

<ir iiiiil

Ash. Suliiluir. B.lli.r. ,-,mI. U.l'li.l. IVr inil.

SroKKi) IX Kxidsii) 1-IU-,

W lun niiiK'd

Ahoiil 2 wiiksaftiT mining l')H

15 months allcr mining l')-54

22 iiioiitlis after iiiininK 2(l()l

.. 21-7(12iS iniintlis after mining.

— —
i 14.S5()* —

IW) 11.501 i 14,644 206

2-2(1 1I,.?68 I 14.4')I ,?.S'>

1-S.S ll.l.U
1 I4..<<)2 4.SS

t-cS,^ 10. Wl I 14,.?07 543

2-42

.i-OS

.?-66

SroRKU I nui-;r Wathk.

When mined.

15 months .ifter siil>iiierj;int; \ 15.')()

28 months after siil)mer);inK.

1

1
— — 14.850 —

1
15 00

1

2-2'J 12.154 14.761 8<) 0-60

i 17-75 l-')7 1 1 . 686 I4.5.?l .n<) 2-15

•Calorific value taken from otliur analyse of fr.-sli coal from same mine an,l neiKhlwuring n.ine.

A viiki;il)li" paper on oxiilation by Winmill' has apijearcd as this volume
is being prc'[)arwl for the press, and the fo'.lowinj; extracts are inchlded as
tlK\ ha\f ;i decided Ixaring on tlie siii)ject under discussion. The jjaiier
describes the first- of a series of in\ estimations undertaken by the Uoncaster
C"oal-()\vners .Association in KnK'land, \vho have undertaken a svsteniatic
study of iheir coal seams. In this f^r>t pa|)er the results of four sets of
ex|)eriments are set forth:

—

(a) On the relative rates of oxidation of various parts of the Barnsley
seam.

(b) On the effect of reducing the o.xygen content of the intake air
on the rate of oxidation.

(c) On the effect of the size of co;d dust particles on the rate of oxida-
tion.

(d) On the effect of temperature on the rate of oxidation.

• The .M.sori.tion of Oxym-n l)y Coal." l,y T. I-'. W ,nmill. T. I. M. K. \-ol \I \I f)H ,„. SS« >.)!

witho';':"-l;;v,::rro.l!;;- !./;; ! •^^i;™';;!'^;;: .ivte^^|''; '""-'^f;^
"> "'^^^•}"«: of ii«'m m'thV present won.
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Till' nu'tlKids iisi'd wore as follows: a \ ismI coiitaiiiiii)^' coal was ini-

mcrsc'd in a b.ilh of conslanl Uiii|)tnUlirc' and a steafK sirtaiii nl air passed

tliroiiKli the coal mass, particular care luinn taken to tn-iiri that the

air did not find its wa\ llirolli;h detinile channels. I'tire air wa-- ohlaini'd

from a i)ipe passing through the wall of the lalioratory into tin- oiit>ide

atmosphere, and was drawn throujjh the coal <liist by a water aspirator,

the rale of flow of the air hein^; measured li> lln' rale of How of water from

the aspirator. The air->lreain issuing from the coal was analysed at in-

ter\als Ii\ means of a Haldane gas anaKsis a|)paratiis. 'i'hese anaKses

j;ave the perci iitaues of o\> yen, carbon dioxide, combustible ).;,isaiid nilroi;en

in the sample; and the aiiK nnt of o\\ >;eii ,d)sorlie<l was c.ilciilated b\ a me-

thod which look into account the dilution producid b\ the combustible i;.is

and the carbon dioxide taken ii|) from the coal, and .dlowe<l lor all changes

in till' temperature and barometric jjressure.

Six kinds of coal from the IJarnsley seaiu iii'ar Donc.ister' were tested

as follows:

—

Hard coal, Soft coal. Canncl coal. Jacks, Sh.ile. and Mother-of-coal.

.\ portion of each was ground to pass through a 2()(t-mesh sie\c and

was tested at M)°V in the apparatus above described. I-iirther (iortions

of the hard coal in coarser fragments were similarK' testi'd to determine

the difference in rate of absorpti<iii due to size.

Further pt>rtions of the 2(lO-inesh "Hard" coal were similarly tested

at 4()°-.>()° and 6<)°C to determine the effect of ele\ated temperatures.

The results of the tests are set forth in I'ig. 22 and Tables XXIX to

XL. PI). 88-W.

' Till- papor suites that tlu' sami.Ics 'liavf ail tx-en taki-n from a niiiif working tin- Harnslcy srarii. which
is Habit' to s[H)iUaiu'(UJs ^onii>iistio!i." The itKil oxidizfi m* rt-adily that tn-sh coal was n'luirt-ti for ttic

experiineiit^. liihI 'tht' avcrajif* interval from the winniiiKof the coal tu the time when it was ground and in the

experimental vcs^tl h:.s hern about t%vn hn-.ir.-."" The ^amI!ic '.vuj- ahvays seicvtru from a "rai'i'lly .fiv^nO'iiri

face." The name of the mine is not Kiven. but as the laboratory was in Doncaster the above statement makes
it clear that the samples caiiit- from that immediate locdity.
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TAUI.i; XXIX (,\j.

Hard Coal, Weight 150 grammes, passing through a 200-mesh sieve;

Temperature 30°.

r=.- -

Uatc.f
llmv of

iiir |K'r

hour.
(),,

^U iiiinilh

No. of >ain|)Ic. CO.
C"i)niliiisl. Hours

from
nl.irl.

1 ~

N-T. .V !'.

alisorlieil Ijv

100 K- co,il

per hour.

c.r. I'lT (('111. IVr crnt

.

I'rr (t-nt.

1-75

I.e.

1 9<).^ is 10 010 0-64 20-86

2 y,S4 I,S-8K 0-07 0-45 .5-75 15-28

,5 4,57 IS •04 O-Oo 0-4,5 7 -75 9-78

4 42,? l,S-64 0-OS 0-28 11-75 7-51

5 M)ii 1 }<<)<) 0-07 0-21 16-25 5-99

i5[ 1914 0-07 0-14 25-00 4-92

( M5 19..^6 0-05 0-08 .56 -(H)

44-00

—
.5-51

8 2W 19.47 0-09 0-10 ~"^.7r~
294 19.47 0-(I.S 0-09 47-00 ,5-26

10 276

24,S

19-51 0-08 0-05 52-25 ,5 -(18

11 19.(,() 0-08 0-00 64 - 25 2-60

12 ,v>4 20-40 — 71-00 2 -,54

13

2,U

19-,S4 0-05 — 87-75
—

2-02

14 20-00

20-22

0-07 — 112- 50 1-72

15 2S6 0-06 - !.5'»-00 1-62

16 2,S6 20-25 0-07 — 161-00 1-53
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lABi i; .\.\i\ I!.

Hard Coal. Weight 136 grammes, passing through a 200-mesh sieve

;

Temperature, 30 C. The intake air contains 8-28 per cent of

oxygen'.

I

kalf nf

I
lli)\V .il

No. of s.iiiii)k'. air pi-r

lioiir.

(h

r.c.

1 <)74

2 «S2

3 .^.S.S

4 ,?5I

5 M')

.Ml 6-84

This >i..vi.

of th.' rllirl li.irt

CO.,

I'crccnt.

i
"

()')

1

6 06

fi n

!

52

<> 06

(Olllluisl .

gas.

Hours
from
start.

M\ 7- 17

I lv>\. was nm to (.Irtcruiiiu- tli

I'lr cent. I'lT (cnt.

oos 110 1-7.S

0(KS o-,?s ,? • 75

! 0-10 o-.^o 7 -75

i m 012 11-75

;
on 017 16 '25

01.1 OU 25-0

(117 ^- ,U.O

IH

(). .11

N.T. >S: I'.

.ihsorbi'd l)y

100 K. coal

[KT hour.

c.c.

1487

8-62

5 70

4-65

4 02

.? ,^5

2-60

lir wlu.h luul ;ilrr,i,|y Lmii .l.'iirivril
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1 Alii i; \.\\.

Soft Coal. Weight of Coal, 150 grammes, passing through a 200-mesh
sieve; Temperature, 30" C.

1

il.>« (if

;iir |HT
hour.

c.c.

1 U'inmiil.)

llciur>

fniiii

St. 11 I .

Nil. 'if s.implc. ( ).,

j

CO,
("iinilnisr

,

.ilisiirlinl li\-

IIMI li. ,-,u'l

prr liiriir.

1 ITCflll.

15 -0<)

i

1710

Pit cent

.

I'lT ccnl. c.i-.

474 0-16
, 2-04

Oil 1 1-1 1

O-IO 45

1 2(>

5 5

<>-75

l.?-75

21-71

2 4<)()
14 -.16

.? 4X7 17.(W

474
j l,S-47

11-21

4 O-W

0-10

0-10

0..U 8-<)6

5

6

.WO 18-55

2H0 IS. 4')

i2(t IS. 2.?

0..*7

lK-0

24-0

7 0'>

5.,?6

40 0-22

0-08 0-10 4,?-0

5,?-0

S i 5(H) 1<).'.),^
3 . sy

y 4<>2 V)')5, 0-08 ' 0-16 .?.70

10 4S0 20. 17 0-07 0-06 66-0

78-0

')0-0

2. 86

11 470 20-24 0-06 00.?

0.(M)

2. 57

12 465 20. 22 0()7 2-62

1.? 461 20 -.?5 0-06 101-0 2 15

14 4,?5 H)-37 0-08 — 114-0 1.Q6

IS 187 V)(,l 0-10 — 14,?- 75 I •04

16 16S 1-J-SO 0-11

i

160-75 , 1-49
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IMil i; WNL

Cannel Coal. Weight of coal, 150 grammes, passing through a 200-

mesh sieve; Temperature 30 C.

N.I. if ^.Mtipk*.

U.ii.- Ill

lliiU III

air per
liiiiir.

I'lT cent.

17 ')(>

( (),

I'lT ((111.

(I- 14

( '.Mllllll-t. ll.iiir.

In. Ill

1 .'^

4 :.^

«-(IO

\
.ill

III

1 ). .11

1, A l>.

--.irliril li>-

1 ^;, c.i.il.

M-r ln'iir.

ex. I'cr .cm. \ .(-.

1... 211 U

2... <>01 \<)-2(>

10 •7S

O'OO (1-5? 1 1 - ."^.s

>V.. <)(M

4S()

0()5 27 7-74

4... l<>-76 07 012 20-75

2.^- 1^

,<2-5li

45 - 25

4 .M

5... 476 1').7.?

0<)

0-07

012

0-47

4-,i5

6... M<) mu) 4-11

7. .

.

2'W l')-S7 0-6S 2-20

«. .. 2X')

2<)5

l').S7

20 0<»

20-21

OOS 0()5

0-00

56- 75

72-00

2 - ,?5

<)... 0-05 2-02

10... 1
(1-06 — <)4-(l0

117-50

1

112-75

1-6')

n.. 274

276

20 ^O

20 -.iS

DOS

DOS

— 1-,!H

12.. — 1 - 26
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TAHi i: WNir.

Jacks. V'eight of dust, 150 grammes, passing through a 200-mesh
sieve; Temperature, 30' C.

Ual" uf

ll.iW III'

Ni). of siiiiplr. air piT

Imiir.

f.C.

487

4S0

474

1

y

,?

i 470

S 470

(>.., 474

500

/

,s

'>
4.SX

10 4X0

47511

12... 473

13 471

14

~"

15... '1 '

If) LS8

Per tent.

15X5

IX-Oi

l,S<)7

l')M

l')-5(.

l'»XO

I")' 63

20- 13

20 24

2(1-42

20- 1')

20 4(1

{W'utmiWi

CO..

Per iciH.

014

0-07

(!-05

0,i

O'Ofi

0-07

0-06

03

0()4

0-O.i

0(15

0(t5

('iiint)iisl.

g.is.

I'rr I nil.

2. 15

0-1)0

0-4X

0-2')

0-25

0-23

20

0-lX

0-14

Hour.-* \.T. A- P.
Iniiii .ilK,.rli.-(l liv

!tl.irl. 1(K) n. (-.,,,1

IHT lidiir.

200

5-50

') 75

13-75

IX -00

2400

.^0-(M)

43 -no

53-00

0-10

0()|

0-00

20-46

20-67

20-06

20-27

0-06

0-04

0-05

1 1 1 14

()r>-00

7X - 00

'10-00

101 -00

114-00

143-75

16(1-75

v.r.

\S.U

10-52

716

5-,s,^

4-67

414

3.61

3-04

2 - 5')

1 ')()

1-63
,

1-75

1-74

1-47

1-45

0-6')
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Shale. Weight of shale, 158 grammes, passing through a 200-mesh

sieve; Temperature, 30 C.

No. if s.iin|ilc.

U.lli' of

llllW ipf

air [ur

huiir.

1 *::

(It"inmi7/t

I'lr nnl.

0-OS

Cnllllnist.

I'l r ( i-nl.

((-S6

17

ll>

U (10

llo(ir<

friiiii

si.irl.

1-75

1 50

') 75

25 - 25

n, ,,i

NT A IV

.iti^ortK'd \'\

1(10 ..;. ro.il

[irr lioiii .

1 .,

c.c.

<)(K)

IVr cent.

20-(M

C.r.

5-54

2...

.v..

'JILL'"^
SS')

526

201

l')4

2(1 i')

20,57

20-1,<

0-04

II 11(1

O'OI

SS4

2H

4,..
—'-'-'-—--

1 - 20

5... 20-42

20-47

20-55

0-04

0-04

4S-7S

71-25

66 -(M)

ll'l-OO

(1-70

6... IHl 0-64

/ . .

.

166

ISl

04 -- 0-50
._

20- 61 (1-04 (1-42

1 \r,i i; .\xxi\'.

Mother-of-Coal. Weight of mother-of-coal, 120 grammes; Temper-

ature, 30° C.
1 U'ltmill)

No. of s tnipit

K. lie of

tlou of

• lir per
hour.

(); ( ( )j

(ciniliust. Hours
from
si.irl.

O, at

N.T. \ V.

al.-orl«-.l In

100 i;. (o.il

per hour.

I.e. IVr cent Pit rent. [Vr rent. (-.r.

511

506

20-05 017

0-O.S

0(W

0-56

0-lS

2-00 ^X2

2 .

0-75 '•' 2-65

,V. 5(M1 20-42 0-05 l,?-75

1X00

.?0-00

2-47

4. 500 20-42 0-07

0-0<)

0-10

010

2-42

5.. 4,?6 20-44 : 2-16

6.. 500 20-55 0-10
1

0-11 43-00
i

1-71

7.. 470 20-05

20 -M

0-08
I

00 90-00 1 - ,^0

K.

.

21') 015
1

144-25 1-18

9.. 217 20-47 012 1

1

160-75 ! 0-96

1
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TAIil i: WW,
Hard Coal. Weight 250 grammes; coal dust passing through 10-mesh

and remaining on 30-mesh. Temperature 30C. The
column headed "R" gives the percentage ratio of the
oxygen absorption for the coarse dust to that for the fine
dust. The figures for the latter are taken from Table
XXIX A.

6Q

7.S

"(I

75

74

7,1

70

74

72
I

72
!

No. ,>f

sample.

8

I)

II)

11

12

U.llcof
lluw nf

.lir pir

hour.

2.MI

'){)<)

.?'»2

,iS()

.<7S

,?7,<

227

221

207

U),S

<)4

I IT Kill.

()-,S0

171Q

IX- to

1.S7')

l'M4

l,s 51

l.S-74

l')10

!')• M

l'i-2')

l,S-74

I'cr ((III.

II 211

OILS

(14

05

0115

DIM

0-07

06

05

05

06

0O7

C'oniliiN;

.

gas.

I (T (cm.

46 50

4 72

4-.5X

1<)5

l-.t'

MO
0-86

11-8')

0-54

0-,<7

rsI loll

llOlll

sl.iri.

0-,?2

0-41

IIS- 75

164-75

NT. A I-

..l.-.rl,c,l l,\

100 K. (n.,|

|«r liour.

1-.50 (141
-^-

5-75 K-24

10 50 5-4')
^ - . ._ —

21 -.50 ,<-'>2

26 - 25 ,i - ,?.!

MM) 2-.S4

44-25 2 44

r>,^ J 5 2-12
,

OS -SO 1-65
^-— -- -

<>.MKl 1-41

1-2!

0.<)4

'MiMn v.iluc (if R.
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Hard Coal. Weight 200 grammes; coal dust passing through 30-mesh

and remaining on 60-mesh. Temperature 30 C.

\v \u. of

K..I.' of

air ))( T
liiinr.

< >j to, ( llllllll«l,

K.I.-.

lliiiirs

lt>MM

N

l.\

1

(), .,t

1, v\ !',

il.-orl...l

lOOi; ..,.il

>r liMiir

', i-.r. l'( r ( rlll.

1) is

!'( r 1 c Ml,

li

I'l r iiTil.

II 00 1 50

---
I.e.

X5

- -

't.'ii l.x 75 05 .' U 5- 75 '(to

S,1

- -

5110 IS 51 1)4 0.S5 II) 5(1 (l (!.'

Kit

^ -

J'lo v> \: 1)5 51) .'I 50 1 00

80 4<)6 I'l Si 0> -'7 M 50 ,( ().'

SJ 'h" 174 1 H 5(1 (l(> (1) 5.* J5 1 M

m 7 t74

"
l'> (IJ (I 0(1 1) (') (iS 50 \ s'l

78 8

'1

157 1')-.<0 ()'0(>

O-O")

o._>;

tt

')_'.50

1 1(1 (HI

14')

7') 15.< 10-44 1 .!!

70

1

1(t

MiMii v.tlin- <il

l.'S

K, Wl I'cr 1 n

1')()7 ()(IS II- JS l(i5 00 ')0

lAHI I, WWII.

Hard Coal. 'Secondary oxidation'. Weight of coal, 150 grammes,

passing through a 200-mesh sieve. Temperature 30' C.

No. ofs.mpl.-.

K.ii.. ..f

How ..f

.lir IHT
hour.

<>: CO,
( "oniliii-l

.

lloiir-

froni

sl.irl.

O.at
\.T. \ r.

,ili-.prli(il I'V

100 i;. ro,,l

|iir lioiir.

c.f. I'.T . nil. I'cr rinl

.

I'll- 1 nil c.c.

5.U) I'l-O') 016 10 1 ^O 7 .i'l

- ,^ -— ,

5,U, l'» 5,< Oil 5.! .Mil) 5 (i5

.<()S r)-.'5 (). 10 ()..!| 5-50 .< 1)0

,511 l'» (i5

l'i(i5

111

1)7

0. J'l

(|..<2

').|il)

21-00

2-08

.'0'» 1.02

>07 1<).<)7 l).0(> ().2() Mm 150

1 Til. i.i.il 11-1,1 11, ,i< ,M"' 111" ill ".1" i lio'tii'ii ") llii' s.iTiii.li. friim Talili- X.VXV will, li li.i.l .iln-ciily

oxi.lize.! iis i:uai v 'lust f.ir K.S l.miis. ll «.is tlicii Lruslicl tlir.nii;ll 2(XI-nii'sll and re-tri-ati-il as sliown.
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Hard Coal. 'ATeight, 121 4 grammes, passing through a 200-mesh

sieve. Temperature 40 C

No. u| -.llllplr

>

4

S

6.

7.

».

9.

U)

II.

12

l.V

.iir |MT

liiiir.

I'.C.

I.dlT

1 lilt

1.014

th < ()

i'l r ( I'll! , I't r ! nil

.

\h »<) (I ll'>

524

2MU

2M>

261

251

25(1

2M

214

14

IS

217

204

2m

IX

m
1')

19

19

19

Thi 1.1 tC3ls X.SXIX ,in.l XI, nvf

.Nil

02

.V)

35

49

56

95

16

(I IP.S

()4

O (U

o.s

05

OiW

10

010

05

05

( <inilMj>l

I'll I irii

1 1.S

(I.S.t

(»-2.<

12

(I 119

016

OlS

21

0-17

015

017

08

76

74

010

0(1,5

016

017

010

(>(><)

ll.iiir>

In Mil

.ii.iri.

1 00

_' I M

I

4 (iw

7 III)

12-00

20 (H)

21 110

27 .Mt

M 25

.(()•()()

47-50

54 (10

(I. .11

\ I \ P
.iliviirlinl liv

IIKI ^. i,,.,l

|irr liuiir.

r.c.

4( .so

.") <i (

1.S-.V5

1 ( (HI

') .(2

7-07

6-20

(i(l2

5 • 24

4-.S2

4-(M

.<•,'.()

70-25

X2 25

74 OOX 0((9 '14-50

in iiariillL'l to -\.\l.\ (.\) tint ;it htyh.-r tciiipfr-it'irc's.

.V04

2-3S

2-40
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Hard Coal. Weight 150 grammes, passing through a 200-mesh sieve.

Temperature 50 C.

R.iir ..f

\n ol sariiplr. ,iir |iit

lioiir.

Ciilllhll-I, Il..iir. N I. >\ P.
Iriitii .ili-Mrlir<| by
SI. in. KMI t;. rc>.il

per lintir.

r.r.

tl "J

.'".*( I

1(.|5

1(1- S'l

')()7

7-20

5- 40

4-X4

4 (M)

lilt.

')l 1 (HI

'>'
.' IKI

It 4 11(1

)-
(1 .^(1

1.? Id (Ml

1') I'l 5(1

.'.* J(i-li(l

-Ml M M)

\(< 40 ..SO

Jl ssm)

74 (10

•»2 • 2,S

IJ.i-.'iO

140-50

5l|.(|i>

tl ''.'

.'"..td

1(.|5

2-XH

2-U

i
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Hard Co«l. Weight 100 Rrammes, pasRtng through a iOO-mesh sieve;

Temper'^ture 60 C.

K.llr mI

n..» ..I

No. of ..iiTiplv. .ilrpcr

ll.MII.

J ,. I :n

'7 '

I :n^

i.. I. TIKI

4 v'T

5 Hll'l

It tlL'

7 Mil

» .titfi

T ~.' M)i

uC .«»«

11 1":

12 141

U 2I»1

14 -!7

15 1><"

I'l r ( iMi

III III

i; (M

|H i)«

\s :>

l.s U

1 S K.

is l)(l

IS '(7

l'» .'5

IS. 75

IH U

1') ,11

1 I ii5

|M.l|(i

I'. I 1 1 111

II Il7

II IHi

II 07

IIH

II IIS

II IS

II IS

(I ll»

I) 17

O Id

O Jl

II so

.'7

II ]')

II lf>

( .Mli|p|l-I

"i 1 1 1 III

,

II »>

o So

.M

IMI7

O 115

II III

II OS

O IKi

II nil

II (i5

o (14

no;

OS

1 1 1 10

The vjfiu'ral ci.ndu^ioii'- (<> I'f ilr.iwn from WitmiillV rtsnlts arc as

follows:

(a) In till' hmU "f llif haiii-lrs mmmi, \iv\ rapiil oxiilaiimi lakes

plair in liic fir-l icw hums in Irr-liK y.n\ dial, and ilii-- i^ Inlluunl l.y a

nuuli -Inucr ali-ui|)iiiin which prr-i-l- for a Iim^ liiof. The ijrcal similarity

of nsiill> for ihr infliTi'iil ro.il-- i- noicwnrlln'.

Tiu' aliMM-ption ctirvi-, Wj.. 11. for the iliffcrrni coal- arc \ cry clo^

lo-,.thcr for ihc mo>t part and ^liow that liter.' i- vcrv little .lilUrcii. c ni

the rail of oxidation. The anioiml of o\\i.;en ali-orhed i- roiiuliK pro-

portional to llic (djitciit of carlionarcoiis niatler in ea<h case.

W;.,,.,;!! ...;..,... .. n'.aib.cniali'Ml a!>ah~i> '
' tlic-.c ciirM'S 1" --Ikiw that

each repre-cnts wiih a fair dci;i-ee of ai rnra( >' the sum of two ehemieal

rraetion- olic\ini; dehnite cijiiations. He states that his tests while not

\.s,^>v|
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10(1

i;li()uiiiii lli.it p\ rill' i> not a loiiliilimaix l,uti>r tn ^ll(llll,m^()U:- i ()niliii>ti(m,

point lo tin- fan lliat liralinn r.iii m nir in \\\v aliMiuc nf oxiili/alilf pxritf.

(1)) ("iilaiii coniliii-liiilf .s;.ims prinripally inithant- arc i;i\rn olf

by tiic coal (linini.; osidatimi. the tul.il (iii.inliliis per 11)0 sirainnio ol i ai h

sulistancf luinir a> liill<>\\>.; -

I .al. M
80

70

70

12

M)

>.Ml 1.1 A

( .ilinrl I c),il

1 .rk.

s; ,:,•

M()tlirr-()l coal

'riu'M.- (|iianlitirs arc of coiir>c c\( lii>i\c of those lost diirini; the i;riiul-

ini;, which ccrtaiiiK- far cm ceil those t.ibnlatiil aliovc as can lie seen troin

the tables for coarse liiist. (Tables XXX\' and XXX\'I ).

(c) That a ri'diictioii of the oxy^jen of the intake air ap|)reciably

rediico the rate of oxidation i> shown by Tables XXIX, A and H, but

the rate '> still very considerable, and ",i jiroposal to stop, al any rati' the

I'arlier i:,;es of spontaneous combustion by a rednction short ol almost

total reino\al of theo\\Ki'ii. wotild appear to have no basis in l.icl".

(il) iM-oni T.ibles XXXV, XXXX'I anil XXXVIl it is seen that the rate

of oxidation is not iiroportional to the size of the i)articles probably becatise

the coal is porous and the oxyijen is able to penetrate more or less into the

interior of e.ich particle; but il is shown that "file total absoriition is the same

whether the (hist is ^roimd iij) \ er\ slowly and oxidized at the same time or

whether it is ground up raiiiilK and then oxidized."

le) Conclusions ari' not drawn as to the effect of lemperalure on the

rale of oxidation as the cNperiments have not proceeded far enoiiijh to war-

rant them. .\ series of curves .ire ^iven, however, together with four

tables show ins tl'i" results obtained for temperatures .^O'l", 40"(', 5()°("

and ()0°(", 'I'.iblcs XXIX (.\) .md XXXXIH XL and the curves Iji;. 21.

These show" clearly th.il the rate of oxid.ition increases i^reatK' with increase

of temper.iture.

l..unploiii;h's criticism of the experiments is perhaps worthy ol note

here, lie says:

—

Tlic I'lfert iif ("iiu'iu-ss i)f ihist is app.iri-mly iTUonsiclcr.ihU- wlicn the tcinpcr.iliire is

const, iTit, \i't, in pr.iclicc, with a iMrli.il n'lt'nlii)i\ nf licit the ilTtcl woiiUl pr<ili,il)ly Ik- of

imicli nrr.iH'r iiiipi)rI,MKi-.

lie dois not believe tli.it the absorption curves can pro|)erly be inter-

preted as due to two chemical actions, as sus;gesle(l b\' Winmill, for -

tlioUKli iiKiiiy (litfcrcnt ccni.ilioiis ii.iiUl he ((mstriictod to fn a liniiu'il i-iirvi', they

coiiUI tidt \w assimuil true for lilcr periods of tlic reaction. Tlio f.ift is that it is (luitc in-

cnrrr.r to .-it'i-nipi to applv vt'!.",itv equations to sii.-li rcaclions. The lavss eovcrninK

the velocities of rhemical actions refer only to react ions occurrinR in a homoBeneoiis solution,

and any attempt to apply these laws to so heterogeneous an action as the absorption of a
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g.is liy v> cniiiiilcx ,1 miIp-i.iih ( .IS iimI ilii>l is f,ill,iccc)ii>, 'I'liis i^ furlluT sIidwii 1i> llif f.ic I

,

tlial the cxiH'riimMils -Ikav lli.il a j;raihi.il rise iji IrinpiTaliirf nr.iiliialK imrra^rs llir loi.il

ahsnrpliciii allliniiuli lliis is (diilrary to tlic laws K'lvrriiiiit; clifinical ailiun--. MciiioM-r

tile rale i-. iioi |ir-.ipiMlinii il i.> nur \c't inilr|n'ii(lfiU nf ilu- liiu'iir-^ uf dust.

A study 1)1' llif \arii)ils tal)l(.'s show^ ilial in all llic cxiHTiimiils llic rale

of llow ol air li.is lictn a xari.iMc (iuaiilil\ , luiiii; ii^tialK of laiiLjir \rl(i(it\

at till' Ixi^iiiiiiii^' of the cxporiiiR'iU than al lln' tml. A xariahlr r.Uc of

flow would iindoiilitidK- alTcit tho oxy^a'ii coiitriil of the sample taken,

and as this is not >hown as corrected, it woiihl apjuar proh.ihU' that the

ahsorptioii i-e-.iilts >hown are nc>t thi' roiilts of (()n>t.inl and >inii!ar con-

ditions in all s.miples taken dinini; each te>t. Moreo\tr il has heeii the

experience of the author that c rate of llow of i;a^ plays a i)arl in the

teniiK'ratiire rise of the ci>al' .ind therefore Ncry prohaliK also in the ab-

sorption of ox\Ki'n li\- the coal. In ex|)erimi'nts of this kind too much
care cannot he l.iken to keep all conditions constant e\(H-pl that one which

it is desired to study.

If Winmill had ki'pl the llow of air constant throiii;hoiit e.ich test il

is exIremeK- prohal.ie that his cnr\'es would not show such similarity,

espt'cialK- in the Liter hoi: - of tin' experiment, and thai litis should he the

casi' -eem> onK riulil. 1 or example, W'imnill sa\s that the amount of

oxyiicn ,ih-.orhe<l i> roll;^hly |)ro](ortion,d to the conti'llt of c.irhonaceous

matter in each >uhstance, and fpiotes the soft coal with ')()'
, (-arhon.iceous

matti'r ah^orhiuij; S.iO ca\ of ox\\i;cn, and the Jacks with 7.^',' ahsorhini;

5()i) r.c. where.isthe cur\f> in I'Il;. 22. show that after the 7(Uli hour the

Jacks are ahsorhini,' an a\iTas;e of ahoiit 2 vx. per hour, a result that hardiv

seems justiliahle if we assume the alio\e statement to he siihslantially

corre<t.

' Seo piit.!e \H> ft SI
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CHAPTER V.

OXIDATION AT 1 ,1.1 AATI.I ) TI.MIM.R ATIKI'.S.

Varrentrapp" i- (iimlcd liy l..m;^l(y a^ lia\iiii;' placi'il a (|iiaiitit\' of

pulMri/iil I'ual ill a il()>til \t'>Ml i1ii(iiil;1i which a lurriiit ul air iniild ho

drawn. Tlu' xomI and air were liniiiuiii to a iciiipcraturc of 2S()°1" aiul

till' air, after pa>>iiiL; ihroui^h the .i|>p.ir.itiis, wa> cati^rd to Imliliii- tiinuiijh

"ccrl.iin (juniici! -iihilioiis whiili ha\r the priipiTl\ of rtiaiiiint; and ren-

dering \isii)lt" larlion dioxide. The sohitions allowed tii.il carlioii dioxide

wa> present in thi' air .md it i^ ^lau-d that the lonihii-lion was ^o conipk-te

i'\en at 2S(l°Fth,i llie w liole of the ciiiioii in the coal oxidi/eil inside of

tiiree inontiis. I.ani;le\ e\idently considered the latter p.irt of the state-

ment i-xci'ption.d and sl.ited that he li.id ne\er known of ^ticli extreine

oxidation wilii .\nierican co,il>; ami Kichters critici/ed the lir>t par; of the

experinu'iit mi the i.;roiind that the carlion ilioxide ina\- have Keen occluded

in the coal iielore the t-xpiTinieiit was >tarled.

In the li!.;ht of onr prisent knowledi;!- of the siiliject it i- scarcely

neces>,iry to >a\' th.it l.angiey's triticisms are more than jn-tiliecl. Xo
ordin.iry coal oxidi/es to the extent stated, and e\in l.ani;ley's much more
moderate estimates were omt r.ither tli.in under the trtith. 'I'he state-

ments are, ho\\e\er, interest ini; as .--iiow inj;' the opinions ot \erv early ex-

perimenters.

'

Richters' work, ,ilihonj.;h done half a centiir\' aj^o, is ot interest here,

and a resume is thertt'ore i^iven lulow. His condiisions in brief are that

the \-oltime of ox\ pn alisorlied liy fresliK' mined coal i> to a certain extent

di'lHiident tipon the h\jiro-co]>iciiy of the coal, lie aUo thinks it probable

th.tt there is a "detinili' ri'lation between the al sorption of ox>t;en and the

content of di>posable hydros.;en in coal", and he was able to prove that

oxyjjen becomes chemically combined with the coal.

The quotations which follow arc taken with few corrections from the

translation b\' Wilson and Helms in the Report of the New South Wales

("omniission on Coal ('art;oes, pp. 80 2 ilS')7.)

"\\V know lli.ii r(),il,iKv.i\s.ilis(.rl)so\ym-ii dpickly .it (.-Icwitfii toinpcraturcs and slowly

at onlinary U'lnpor.ituns. Tlu' ihiiiji'-.i' and other changes which the comhusiible sub-

stance of lo.d nnderiiot - under ihe lirsi eonililion have ,dread\- been established by mc.

On the other li.ind, ,il (Ji(hn,ir\' unii MUires llie .d)sor|>lion of o\\j;en is, in so far. a matter

which in no w.iy .is>ints us in iindei^lamlint; ihe ilieniii .d eli.uiijes which ,ire ((insecjuent

upon it. Wliether and how f.ir the carlxin or tnilroyen is llie cause of ihe o\i(Hzing .letion

1 .S-c clisi-u^sicm CI I'.'.liiir* p;ii..T, T. A. I. \l. V. X'.il. I. ls:.>. ,,. IHS.
- I'orUT iiii'i Ovitz li.i\r r'',riul\' lAinrinii'tui'il u-mi; .^ ur.iiniiic'^ >!' i-nal i,«n-10f) iiif^hi. in iin 'Icctrir^illy

llrato'l ttil)f ki'Pt at 'ir'initi- tiniiuTal urts. Tl!i-y iias-'''l .i iiiia-;urc<] \i)hinn' (it dry air enrr ttn' irial at :i

dpfinitt' rati". Tin- r.irhon dinxirli- cxolviv! tr<im thi- cfial was fniiii'l to I>"' "-iiual to only om-ti-mli ot tin' voluiiic

of oxyKPn absorht'ii. iSci- Iiui-nialioiial Coniirfs< oi .\iii>l. Ciirm. \'oI. X.I 'Hi. p. Jfi.^, Via. ji. .]S\. This inattiT

No. 6.S. l\ k litir. of Mini's. Washinutiiii.i'iu.
'

' DinRlcrs I'oly. Journal. \'ol. I').';, l.sTll, pp. ,11s an.l 44').
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(if :hv iixy.ncii: wluilicr ilir .mioii ,,1 ilic l.iurr i- iimi i'^-,! iilialK (i.nriiir.l in ilic lurri,ilion

of r.irlxpti (li'ixiilc. «lii' li is ilicn ,ili,..r l.rri 1,\ tlu- in.il; anil wIumIut, fiiri'ur, llic .ilisdrpiicn

i. i clu'iiiical or iiiorc or lr-.s plivsii.il proccs-. ,iri' all i|m'stions wliicli arc of the j;rralisl

iiiicrrsl for a triliial (X.niiiiiaUoii of tlic plii iionuna ol ilir acallinini; of loal. < < •

"I shall oflir MAiTal otiMTvalioiis wliirli appc.ir to nic to be of iiiiporianrc for tlinnvirii;

li^lit upon llic lirst of ilic (|nt-;lions propoiiTuUd alioxc. If \vi' luai ioal-(lii~l to ., i.inpcr-

atiirc from 1S()° to J()()° ('., ilic \vi it;lH ai lirsi iix rcascs rapidly in a \<T\ ina'krd manner;

rarlion dioxiilf and water are llu ii Mparated, and oxygen is taki'n up in ^reaUT proportion

than is rei|nireil for I he oxidation of ihe earlion and hydrojjen. After .1 <irtain lime the

oxygen ali-orption, and witli ii the alieratioii in weinhl, eomes to alt end If we rontiniie

to heal the coal, at first 'here is a small din union in \vei(;ht, Imt after a ^hile the weisht,

as well as the ehemii.d eoniposilion of the eoal, beronics const, int, or rather, tile \.iri.ition5

which llie coal undergoes .ire :(i small that in an experi'iient wliich w,is continued for six

days ,1 ^ood chemical lial.ince wa; iiii,ilile to show ,iny further vari.ition. If we ex, inline

the conslitiilion of co,d which h.i-, been healed u|) to the point of maximum absorption of

oxygen, we find lh,it the oxygen .iiid hydroKcn arc prisent approxim.iteK- in tin- s.um- pro-

portions ,is in w.iicr. This i,,tercstinK behaviour of i o,il briiiKs 10 liijhi two import.mt

phciiomeiM. ll show> lirslK lh,it ihc carbon of the io,il is endowed with ,1 ver\- \.iriable

degree of oxidiz.ibility, anil m.ikes il. in the second [il.ice, prob.ible ill, 11 ihere is ,i [ler-

fectly di-hnile relation between the .iliMirplion (if oxyi,en .md the content of dispos.ible

hydroKcn in the ((.al, sin, , will) the wmishiim of ilie latter the oxygen absorplion comes to

an end. The first ( ircumsl.mce agrees wilh the \ iew which is generalK l.iken by chemists

that the carbon in coal exisls in two differeni (hemii.il forms. We may s.iy ih,,i ilu' coal

is a mixline of pure (.irbcdi wiih obscure organic (ompounds conuiiniiig c.irbon, h\drogen,

oxygen and nitrogen. These c.irbon compounds are soiiietinKS grouped iigether under

the iian:e of "biuimen". 1 he r.ipid e\(ilution of c.irbon dioxide which l.ikes pl.u e when the

coal is first he.itcd ii'ay be atlribuitd to ihe oxidation of the carbon of ihc biluminous

consiitiK nis, while ihe relali\ely niui h .snialler e\(>Itilion of carbon dioxide uhidi sui cceds

,

nia\ I c atlril.iind to llie ( xidaticn of ihe n:( re diflii tillly ( '-li/able c.irbon."

l<i(!^;iTs tliiiiks t'lisxicw iiia\- he suppi tried li\- Satl^siinV olixrwitioiis

i.f tlic 'imilar iilicnomciia (icciirriiiu iluriiit; the- aliMirplii)ii nl nxxi;!'!! li>'

wood, cliarcdal, v\v., and 1)\ tlu' rcsi'arcln^ of l.iiliis; mi liiiiiiitf and true

coal.

"On the ground of lliesc obser\ .11 ions we icmie to llie following conclusions, which

are of inipori.imc for onr knowledge I'f the bili.is ioiir (.f coal in ihe presence ol ox\gen: -

(1- "The pec uli.iriiN of c.cil. when h(,iled 10 I'lll'l"., in I. iking up ox\geii, depends

almost cnlireK on ihe f.icl lli.il ihe icil ccnii.iins dispos.ible hydrogen. This is ccxidized

in presence of .1 icrl.iiii c|u.in'ir of c.irbon. (In ihe one hand w.iler is formed, while on

the otlur oxsgin i.ikes iis pl.ice clii.-ciK in llie composil ion o. ihe co.il: i.!) llie c.irbon of

coiil when exposed 10 ox\ ucii ,1! ,1 lenipcr.ii lire of !'>0°(',
I i li.ives in .1 loi.ilK dilferent

manner, in lli.U ihe sm.iller p.iri .s lo (1 per cent oiiK of ;he whole wciglil (unibines,

forming c.irbon dioxide. The remainder is onl\- slightly or iiol ,il .ill .iliered by oxygen

at that temperature."

"Il is I be noted that both these conclusions refer exclusivcK to ilie oxid.ition of coal

at elevaled temperatures; since, however, we observed precisely the s.ini; . .lions existing

during the oxidation of coal at ordinary I emper.it ures, there is very stroag evidence that

the processes of oxidation al both high and low temperatures are essentially siniil.ir."

"During ihe healing of coal, as well as at ordinary temperalures, oxygen is absorbed.

That, in the latter case the absorption of oxygen is rel.iled to the dispos,il)le hydroge n in

the same manner as in llie lirsl c.isc, is 111, ide clcir b\- ihe behaviour cf wciod and ils de-

composition preKlucts."
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.f .|iMi..„ll,lr ll\.l liim-n I - .liniini^l.r.l uhiri cmI
rxjK.M li iM .lii iri ,1 ! 11,1 unci -iitiii.ir h* I hat in w liii h li i^ (limini-lu il \\ Inn i lir . m,i] i^ iir.iii it.

It ni.i\ 1m' ^linw II wii h 1 . rl.iint \ i Im' i ,n l.i.n diiixiili- i-. h rnu il ,ii >r'liii,ir\ icnif rr.ii iin -

\U. .1^ ii U fMiji!! ,1 .ll hi-lii-i ii-iiiprr.iiiiM >, .mil. in Imili i .i-r^, wln'ii I In

liil/ni p'Tl i< .1 ill.' r.ul" >ll I 'Mllr t.i .111 rn I, Ihi II .il'-iiri'tiiiii ri- ill.

iii.iMniiin

Till- .i~-.iiiiipiiiiii ili.it ilii- iiiMiT iliiiiiiiltK cixiili/.il.li i.iiiiMii liili.iM'^ wiili II'.;.ml i.

\yt;rii .il low it'iii|i r.ii tire- (lillrrriilK to tlir «.i\ in w liii li ii li. Ii.im- .it hi:;li trin|» i.it uns.

mill Ciilllr.lclii I .ill r\|Hlirni r.

ll III, lint. mil ll lh.it tile aliMir[iiiiiii of hxn^iii at imliii ir\ irni|ii i.iiiirr-; i-.

iitcri'Iy a plr. -ii ,il |inii r. . -till tin- stirfair arlimi uf the rii,ili~ pirli.ip'. imi I" lie nri;l( i ti il.

\\V imist ili>tinKili>li ImIsm III the ii-iiilrnr\ \v liii li I lu- rn.il h,i- in .ili.i.rli '\v 14111 ,1IV

till' inti'iisily with wliii ll iiwi;! II i- .It lir-i .inii.ilK- .ill,. .rill i|. It .ippr.irs t., |,r idi impi. .1.-

.ililr that in i lir r.ii li.r ~t.ii;r-- t lir .ih-. irpt i-.n .>f .i\yi;rn i- .i pnnly nirrli.mic.il pr. .. . -- . .mil

tli.ii llli- piiiiilr- tllr iliiinii .ll I .inil.in.ili.iii.

Tiir f|ti.mt it y III h\ ^r.». .ipir w.iln \\lii. h in.il .iiiii.iiK i.ikr^iip \\ hrii rxpi.M li In .lir

-.lUir.iiril with «.itir s.ipinii .11 1.^ < . ».i- ilrKriiiiin il Im in.in ih.m ll«i s.miplr- l.y In .itini;

tl iriii 111 mil ('. until ihi' »ii .;lit-. 1 11 1 .miv I iin>i.ini . 11 If prnrnl. if 1UUIOM opK W.ltl

tliiH liliir.iicil x.irird I'nmi _' lu 7 5, Iml 1 hr piuvcr . '• ilic m.il fur rnndin-im; h\ L;rii~riipi

iiini-luri' iliil mil .ippr.ir tn lir nlitiil t" it- -iiiiitini' in ,m\ ilrliTiiiiiMii' iii.iniii

inik' if li\j;rii-riipir w.iii'i' ml 1 hr -iirf.ni' i' tin

the ("'UKU-n-iiiL; power po-K-s-ci I ll- ll. If

ll, ll.

Ill

-h. '\\ - \ n \ I

111.

li-.irK

\\r .A.iriiiu' I hr on. "lilt \ of »x\ urn In.

<iirfcri-iil co.iU .ilisorlt from t hr ,iir, iiinlir -iiiiilir i in uiii-t.mi r-, we Tiiiil ili.ii ihiTc i- ,t

\('r\ (lo-f roll lit It ion 1.01 \\ ft- 1 1 1 his i|U.mt it\ .iini i hr jiowtr of llir i o.tl l'»r i oiulrn-ini; iiioi-i-

iiri'. Ill orilrr, liowrMr. to ol.l.iin roiiipktc .mil Irii-ivt' i-xpcriinriual rr-iilt- in ihi> ..iii-

m-i I ion it i- tin r>-.ir\ t li.il r.iir -lioiild lie cxcii i-t-il in -fU-ctiii^ loal uiiii h li.i- In -lii frr-hly

(ilii.iinril, anil li.is noi !uin Kiiii; ill rontact with .itiiiospluric .tir.

1 irsli ro.il, .iflir it h.is licfn poiiiiilcd. (ground, and sicMil, j;iv(s ,m .ippariiitly dry

poudir. .ilthoit^h llii- i- -.iliir iHil villi nioi-tiiri'.

"Thf .il.-or '.11 of oxN^tii l>\ I hr lrc-hl\ -|iifp.iri-d ro.il In-.^ins .ii on. t- .md U'-i'- on

rapiilK. I hi' ^ omir of ilir .iliMirlicil ijax's. ihon^h no- prooorl ioii.il to ilir surf. in- .n lion

uf the iial a- iiidii.ili'd li\ il- h\ crosiopic it\ , ,ui-, in-\ irl lirlr— , \ r\ dcpiiidi'iu upon il

.

I ' 111 . i to ni.ikr .1 tiirllur ronmiimir.it ion in !.;rt'.ilt'r dt i.iil .i.- to tlu' result- of this ixpi-ri-

ni '11' nill. ilurcforc. ronfmc ni\-rll in ilii- pi. in- to i hr sl.iti'iiu-iu of llir i|iijniity of

ox\ i;t-i. . . 1 In ll dm iiti; 1 hr fir-l t wriii \ -four hour- li\ 2U vr.miinrs of dilfrrriil s.iiiipirs of

I iii.u, howr\ir. inriuion irri.iin

position in considrrim; tli.it ,it fir.si

co.il, a (]uaiiiil\ whuh \.ir!r- i.ciurrn 2 .in I
'I I

circiiiiisi.inrrs wlurli .ippr.ir to lur to -irriimh

the .il.-orpi ioii of ox\;^rn i- rhiriK mrrli.iiiicil.

f llu' iihscr\ ,uiiiii nil wliicli U'liaiico i> placed ,i|)]H'.irs to lio ili.il \hv

oxygen absorption is at first \"ory nuich iiiori' r.ipid than is the r.isc l.iicr mi, •

RiclUfi's tiicn notes that \ .irrciitr.ipp ii.is sliiiwn ih.it wluii ro.il is

fxiiosfil at ordiii.iry tcniprraimrs to a strcatn ol .lir. ciilioit dioxidi is

foriiit'd. He siim^csts tlu.i cariion dioxide in.iy h.ixc liccn orit;in.ili\' coii-

densi-d upon tlu' Mirl.icy o' the coal, ,ind that il is i;r,idti,illy iciiiovcd li\"

the stream of ,;ir, its pi. ice ln'ing taken to soiiu' extent 1)\' < Nmii. In

order to clear tip this point certain speci.d experiments were m.tde which

r-'iidered it proli.ilile that tlu' continued alisorplion of ox\ t;eii is not to lie

cx;>!.lined !i\' .tssinviin^ iii.u it merely t.ikes tlu- jil.ue of iMriion dioxiik-

condensed upon the surface of the coal.
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"(t'.il al'^'ti'Iw I irliini (|i<t\ii|r with tlii' urcitc^t rr.iilinr^^ I lir \"Iumr >A iliis ^,is

hIiIi h i^ i.ikiii 11,1 111 .1 kiivcM lliiii' i- c'flici tiiiMlir ili.iii llinr liinr^ ilir Miliiiiic >( nwni'ii

uliii li 1 111 ill 1 lir I.iki 11 i!|i. S.iiii|p1i~ 111 I o.il will ISC .ilisiii|iii\i |ii)«iT fur ii\\ i;rn li.i~ .iliiiii>t

x.ini-.luil.-ii null 1 1
SI 1 ill. 11 ID i^iaiiinics \\ ill niil\ l.ikc up .ilioui 1 i uliir i riil iinrlrc cil ii\yK<'n.

\v ill .ilisot ii ill .1 ii'W liiiiiis.il Ii'.isi ilu-ir null siiliiiiit- nf (Mrtiiiii (liii\iilr. If .i s.uii|)li- of i n.it

s.iliir.ilfil «illi 1. Ill lull iliii\iili' is liriiiinlil iiilo i oiii.ii i wiili .n iiiiis|ili(rir .lir, wr linil .it (irsL

,111 iiirrciiirtii of Miliiiiic ,is if ilic cjrlinii ilio\iilr is v;iM.|i nil. Sni.ii, lii>«rM'r, till' Miliiinr

.i^.iiii lii'v^iiis III iliiiiiiiisli. If, ,11 ilii' s.iiiir liiiii', .1 sin. ill liiilli > 'iiii. lining I'.iiisiii pui.isli

is iiiiniilui (il in llir ,il)siir|ili"ii liilir, or if ilir siilcsiil l<if liiur .ire iiioisU'iii-d wiili ,i siilu-

tiiin 111 1 iiisi I. |Mi|,i-li. llir .ilisiirpliiiii iif tlir n.\\ ^;rii k'ts i \ ii s i|iiii kK , .i- ilms i |ii. s|.|i,ir.i-

timi iif llic i.iiliiin ilicixiili- uliirli, iif (uiirsf, forms ,i idiii| iiiiiil Hilli llii- i.iusiii- poi.isli,

If Hf lc.i\(' s.mipUs (.( lo.il s.il iir.iUil willi r.irlii.n ilioviilr lor |liirt\-si\ hours iimlrr I lu'

rci ( i\ L-r of .III .lir piiinp r\li.ii|sir(t lo 2 im lirs of (|tiii ksil\ c;-, i lie i,;rr.iur port ton, I nit not

ill. of till- .ilisorlitd r.ulioii ilioxiilr is ni^i'" "" " •! '.iiii|ilr of mA Hliiili li.is luiii so

trc.iliil is thru s.iiiir.itiil wiili inoisiiirc .iml .ii;,iin put iiilo .m ,ibs irplion liil"' it lii;;iiis to

t.ikc lip o\\i;i 11 uiili llir s.iinc .i\ii|it\ ,is kIicii it u.is frc-liK prip.ircil, .iiid iliis wluilirr

any poi.isli is pn-srnt or iioi . If poi.isli is pri'sont, liowi'vcr, we soon ilisro\cr ili.n .i (iTt.iin

i|ii.iiiiil\- of carlion dioxide li.is been lihtT.itfd, wliiih shows tliiit ilu' .ilisorption of oxyycn

is ,11 first .Kcoinp.iiiii'd li\ a sipar.ition of < a.-lion dioxiilc. .mil ili.ii this i .ulioii diovidr will

,ij;.iiii lie l.ikrii up li\ ihr ro.il in thi'.ilisciii'c of .my olluT siilisl.im f i .ip.ililr of .ilisorliinj; it."

"If loal wliii'li h.is liccn saliinitrd with r.irlion ilioxidr is lioiUd for li,ilf-,in-hour in

w.ilir ,111(1 is ihrii .lir-drii-d. so l.h.il il mn.iins s,itiir,itrd with hydroscnpii- inoistiirr, il is

found lo h,i\r rrio\rri-d its ori'^in.il .ilisorplivf propcrlirs."

"( o,il whiili h.is Ixrii i\posi'd for .i lon^; liinr to the air uniil il li.is losi ils power of

alisorliin^ on\ i;en lieli.iMs in .i eoinplelcK' dilfereiil iii.inner when llie forenoint; experi-

inenls .ire performed upon il. I'or insiaiue, wlien exposed under llii' receiver of .in air-

pump it does not li\ an\- means reeo\er ils ori>;in,il power of .disorplioii, ,hoiii;li this power

is still p.irlly restored liy boiling out with w.iHT. Cirboii dioxide is eiil.i- not .ibsorbed

at all by siu h ro.il or ill oiiK \i'ry sni.iU proportions."

Till- (>l>siT\ ations >lio\v ill, it tlif small alisorptixo powtr uf ((),il vliiilt

h.is luiii lyini; for a loii^ limv in tlio air dot's not (Icpeiid'iipon a coiKkusation

of f "-lion (lioxitU- upon ils siirf.ifc, and other conchisions tn.iy also he drawn.

Anioiiiist tlu'si' nia\' he ini'iuioncd the foUowini;:

—

"We ni,i\ now expl.iin llie experimeius of \ arreni r.ipp. Tlu- m.il whiih h.is |,,st its

power of absorbing ox\).i,en may, nevertheless, ,ibsorb kir^e (lu.iniiiies of e.irbon dioxide,

and, on ihe other h,ind, when this eoal which conlains I'arbiin dioxide begins lo i.ike up

ox\i;en the process is acconip.inied by a separation of i.irb- ' dioxide. Now, ihis process

is not very noticeable when the experiment is carried out in closed lubes, but it becomes

notice.ible when the experinuni is performed by \'.irrenlr,ipp's methiKls."

In I'onsiderinn the inthieiue of heat on the pnuess of oxidation,

I have fornierK- shown that a fise of temiK'nilure is the most iin|)ortaiit delermininK

circumslance of the process of oxidation. It is not, however, necess,iry to iisea temjRr.ii urc

which lies f.ir above KIOT., though the higher the temixTature the greater the accelcr.ition

of the process. In pursuance of these experiments I heated cikiI for fou-teen da\s on the

water bath ,it from 70" toW C. The first s.iiiiple of coal increased in weight rluring this

process by 1 -(i! [H>r cent, the second siimple by 0-2 [X'r cent, and the third by 0-3,S per cent.

(The constitution of these three s.,mples of coal before and after fourteen d.iys healing is

given by three tables of analysi's accom]xinying Riihlers' |),iper). In all c.ises there w,is a

diminution in the carbon and hydrogen content and an incre.ise in the oxygen c<intent,

exactly as in ordinary weathering. The coking power of s.iinple (1) w.is diminished from

1 -4 to 1 • I ; of s.iniple (2) from 2 to 1 -b; siiniple (.1) was a su-cilled "s.indkohle" which does

ntri give Coke The <iuantity of the c.kv did iv.t apj^rrrirtbly rhnngr, ant! 'hr sprrifir

gravity certainly did not. The heating power of sample (1) fell by 2-02 [icr cent : of sample

(2) by ^(A jKT cent; and of siimple (,>) by .5 ikt cent. »».».«»•

m
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"'^.niiplrs ni ( imI cniiil'iv t 'I ill I lir-r ic^i-.in lu K li,i(i rrin.iirini lur .i \<in^ i inn- in Inusrlv

SI [ipiriil liiiiilr^, so ih.ii Mil' ,ilis,ir|,i ii.ii > il ci\jt;rii ,(1 (irdin.iiy li'ni|i<T.iliiri'S iinl\ lonk

1 lit (• \i'r\ -l'»\\l\ . As .1 ( ' •III I.J. 1 hi iimK s(s oi ilif iiiihfatcil t naU wrrL- m.ulc .ilttT thry

liail Mill en i\ fiiuniTM d i\ s Lm^i i , ,-, I !h l.irl i li.il diiriiit; lliis i iiiir llir i'iiin|Hisiii(in

i( ilif Niiii|ilis illil iiiii iiiii|n\;ii .11. ..iri.iiioii, -liows I Ir.irK ili.il ilip iiuriMsc in .ixsijcn

and I"ss ill (-.11111111 .ind h\dM»i;rii is ir.dly \<> In" .il I riinilr<l lu tin- lii^tiir Icmpir.tl iirrs i.i

wllidl llu'lii.il- «(lr i\|>.isicl,"

"
1 liirr .i|i,iiMis III 111- ,1 1 iil.iin 1 .1111 r, id it I i' II I l.ft .mtii i In- ..lisirv ,ii inn lli.il ovid.iti. ill

Rues 1111 nil IT IM I lid Is .11 ii|i|«|- liii!|>i I ii iii'is, .iiiil ..iir i III sis ill. 11 ii\ii|.iii. n I.iIIdws .i pnlinii-

n.ir\' sMil.nf i ondnis.ii i.ni of (t\\L;iii. 1 his .i|i|i,irrni r. mi r.idii t i"ii i-. in ni\' npininn,

ra>ily clr.md up if «i- disiinvni-li ili.irly iiilwrrn iisid.ilii'ii .iii<! incrr .ilisnrpiiuii. I'lic

first K<KS I'll nil lie i.i|.idl> .ii c Iia.iIi d iiMiiprr.itiircs, ihr I,HUT at lnwer tcinpcr.iiiins. If

the mill li.ih lirin s.itiiiMii d «iili ..s\ i^cii .ii |..uir u iii|icr.il iirt'S, I lie rmuji'ns; i| ^.is i (iiiiliinrs

only Uf'i'lualK \vii li i hi- siiltsi.tncr . .1 i he i ...d, .nid . iily in pr< 'purl ion .is tlit* l.i! it-r pnict-sy

ail\';iiHi'S can nt-w <|ii.iiil itii s nt' i;.i- In- i.ikcii up. \\ iu n, ho\Vi'\'i'r. mmI which is s.n in-..ir(l

willi oxyncii is hc.ilcd, .> p. Mii. m .>! the ^, is is c\ .ip.UMii d ; hul t he ;;rc,iicr p,ii t i-iiiii s iiUn

clicniic.il coiiiliin.ilinii, .iiiil dues s., muic r.ipiilK' .is ilic ii 'iipi i.ii un- is lii;.;,u'r. I'lir siir-

f.K !• .u liiiii, liiiwcvcr, ni'illuT nil.! tij.k's .my .ipprcc i.ililc cli,in'.;c, imr pr.«liiccs .in\ r.siili ,ii

all cnnip.ir.ililc willi llic chcinic.d ,ici inn."

In stiKKiiii; llif iiilliHiicc nl in(pi'-lii:f uti llit- .iliMir|ilii«ii .itnl uti llu- oxi-

dation of co.il.

"The );rc.ilcr niinilicr "f Icc linicnln^isls .iic nf opinion ill. it iiioisinrc li.ts .m iinp-irl'ini

aiding a<tion in llic wi'.iihcriiii; ol co.il. tTluniipMrn's rcsc.ni hcs .irr niciilioncd in i '>n-

ni'xion with this pnini i. Th.ii nioisinic m.ix, iind.r ccrl.iiii i irniinsi.inccs, .lid iluoxi-

d.itioii of co.d is iioi to 1' dcnit'd; Init the .u lion of inoisiiirc is \cr\ < oinpliciicd, .uid is

inllucnccd t)\' wirious circunist.inccs, am! is not so m'li.'r.dK jir. jwdici.il .is 'riionipson's

ciliscrN.ilioiis Would Ic.id iis lo iiii.ii;iiU', 1 will coniniiinic.ilc ilic rcsiili of ,i few cxpiri-

nicnts ni.idc upon ihis siiliji.ci."

"If Hc t.ikc nvo iiilics. and iiiio one of ilu-iii inimdnii .lir-drii d ,ind into the mlicr

nioisl co.il, liotli luiiiK fri'shK won, llic I'lrsl .disorlis ii>.yi;cn iiiiu h inori' r.ipiilly ill, in ilic

second. If, in addiliim, sin. ill Inillis com. lining fused clihiridc of r.ilcinin .ire immdiiced

alongside. if llie dr\ sample of cn.ilsoilial 'lu'id.il v;eis i;r.idii. ills drier, i lie iiiuiisiiy.if i he

alisorplioii of owi^cii liei.rmes ijre.iiir. The s.ime is ilie i.isc if ilie co.il li.is hecn dried for

a day oxer sulphuric .uid, alihough dnrini; lliis prixess .i scry considerable qii.intits- of

oxygen ninst certainly h.isc been taken up.
'

"If insic'd of fresh cn.il sse lake mos,iiiip|es (if co.il with d'lTercnt snrf.irt! properties,

both of wliii h li.isc been exp.isi .1 to 1 lie air for .i long time and which have lost their posscr

of absorption to a Kfcil exicnt, and expose tlieiii to tile dryinj; .iction of sulphuric .icid,

both of them rc((iMr losomc exient their .ilisorptive power. Thai coal with the ijreater

surface ,1(1 ion rccoscrs most completely."

"If we dr\ c il at lOO^C, and cool it in ,i desicc.itor .ind pi. ice it in ,in .ibsorption

lube, it is found to absorb k.'s with exlr.iordinary r.ipidity. 'I'his k-is consists in p.irt ot

nitroKcn (from 12 to 21 per cent., from the mean of many experiments!. Coal wtiicli has

been dried at ordinary teiii|)eniturcs ,ilso i.ikcs up nilroj;cii, but in sm.illcr pcr( cnt.ises,

at the sinie time as it absorbs oxy^jen."

".\11 these experinienls indicate only a relative incremcni of the power of .ibsorption

by the removal of moisture, and csi.iblisli in so f.ir the s iesv svhicli h.is been taken in the

former woik as to the nature of siirf.ice .iction. They ,dso shosv ih.it .i dry co.il svill t.ike

U[) a lar^;er volume of j^.ises than one which is merely air dried, before the absorptisi' power

of the two samples sinks to the s.iine level."

The;e researches, hosvever. stil! leave unanswered the question as t" h"v-- fir the

moisture is dis-ulsantaKcous for the chemical action of the oxygen upon ihe co.il. I h.id

hoped to be able to give a definite answer to this (|uesl ion, but I h.ivc not succeeded incominc

to a positive decision. .,»...
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"1 lii-i- cilisi r%.iliiiii» «iiiil(l Miin 1.1 ~ii|i|iiiil till- .i»->iiiii|iliiMi ili.il w.iii't ,i--i^l> llir pro-

ciTi> of i.xiil.iiidii, lull (111 ri'|»'.iiiliM llir i \|uiiiiiriii ;< vir.il lime-, lli.il i-, lir-^l willing

and tlicn ilr\ ini; i lir i n.il liy nil'. ills iif i liluridc uf r.iViiim -wu tin, illy riacli .1 >i.iii' .it wliirh

nil fill I III I nil irinriii of .li^iiriiliM' pnwiT is In lie I ilisirv (<!."

"Ui iii,i\, liovMMT, .ippriLicli the (|ii<sti(iii liy in(|uiriiitt wlu'ilur tlic .i. linii i)f w.iiiT

nil llir ill. .iiiipiisili. iiiiif riiiil i- lint lip lie ,111 r 11mud to 1 1» <niisoc|iirn( rsof sec mul.iry .ictinii.

-M.Un in.lU inlll.lill pVrilrs ulliill is nllK n\illl/.llilr ill I lie pllslll.i- nf liinUluli'. Tllin

pri«c'ss is iiiiil.iul.il ill\ nf iiiipnri.iiur, I'Mii if ii is nn.irdiil miK .is iiidirniK iiiirndm in;;

.U'li\i' MMtn i.ll tnr lit. n\ id. 11 inn nf tllf ln.il."

rill' wcll-ktinw II ,1(1 inn (if p\ rilis in liroakitif; up I lie roal .iiid txpnsini;

ficsh ~iiil,i((s is llitii (Icscrilitd. I lie (iiicMioii ns to wltcllitr firmii- nxidf

(.111 ,u t .Is a ( .inicr nf nxy^cit in llic mal i> (liMiisscd, and it is iniisidcicd

.I'.it 'he siiiali (|iiainil\ (d ll;i> stilistaiicc « tii( ii is pn .sctii i.iii (Hilx .niinmt

tor a very stii.ill pari ni ilic action.

General average results

from all the coals tested, in dust

Time of exposure (hours)

2 « 6 e rO IZ t* 16 18 20 2i 24 26 28 30 3Z 3* 36 38 «0 42 44 46 41
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(.KfliauH from /.J.yi./.l

Fayol' took samples of a larj^c ninnliiT of (V)als, \aryinp from an-

thracites to liiiiiiites, .itid heated them in looscK' cowred porcilaiti cniciMes

in o\eiis inaiiit. lined .it tetnperatiires raiis,dn^' from 2.^° to 4,^()°C. Air was
slowK passed throiiiih the ()\ens and the cnicibles were weis^hed from time

to time to deierinine the \,iri.itioTis in weii;ht. Twentx ,nr.>iiii"e s.iniples

were taken and for each coal four simil.ir cnicibles were used two cont, lined

powdered coal and two lump. ICach time the criicililes were weighed the

coal was stirred with an iron spatula to allow penetration of air. The
results obtained werejilotted by Fa\'ol in a series of \ery interesting' curves

' Ktuik's sur raltOration dc la lioiiiUe eximst-i; ."i I'air. is;.).



Id'i

whiili .iiT liii) '111111111111-- im K ihihIih I ii'ii Inn, III- \\\" liii.il -iiiiiiii,ir>'

CIIIM'-. ^iv ill;; llu' llir.ill ri-ull~ liil jlli'l llir -, i iii| i|i- I ( -I ii I . ,in li |p|ih|i:i nl

ill I i'c-. .M, .iml '\ S( ( ,il-u |i,ii;i^ J'). mil 5.'-v'

Parr and Kressmann' iliiw .inciiiinii in ilu- i,i|iiclii\ nt (Aid.n. n nl

11 riaiii li\ ilruc.irliun ' iiinpiiiiiiil- .ii ii i!i|iii,il nir~ in im r-- ot 1 jll I
. .iiid Id

ilir lAiriiiiiK cNoilii'iiiiii ii.iimr nt ilii- ir.n .imi win n niur -i.iiiril; ilii\-

piiiiil mil till il.inui;' III .iii\ iiilliuiur lAi-liiii; iumt i n.il u hii li iii.ix itinl

lo ill! na-f llif \rliM iu <il llii- nai I imi w liii li i- .iliin >-l iir-liuiMi' al milinarv

liiii|K'raiiiri-.

General average results

from all the coals tested, in dust

Time of exposure (days)

li.,. .'».

'I'lu' I'lillnw ini; arc ammi); the iuiu'lii>i()n> arri\cil ai li\ I'arr ami Krcss-

niaiiii' .illir niakini,' a luiiiilivT of i\|iii'i]iKiU~ im >i)niUaiUMiii- (nmliii^tiiin

of coal.

1. "A iiiiinliiT III" (i\i'l,iiiiiii piiHfssi-. ,irc iiivulvi'il, whirli .iri' nii>rf nr li--^ ili^iimi in

cliar.u'ici , siinu' lii'ini; iil,iii\il\' >inK and iiKuli'r.iie in toriii, wliilc inliirs .irf r.ipiil ,inil

vigiiriHis ill thi'ir ailion."

2. "In j;iiuTal il may lie viiil I hat fur a siicn coal a puiiit exists, as imliiatcd li>' liu'

tcmiKiaiuif, IkIow which oxiilatiim is not ulliniately ilcstructixe. Thi' contiiuMiu c i.f

this point is ilcpcmli-nt upon ccruiin accessory conditions; if these condiiions are wii lulrawn,

the oxid.iliiiii ceates. On ihe olher hand above this critical point, wliich is lust indicaled

liy Ieni|X-rature, oxidalinn is iiUiniately destructive and is characterized by the f.iet that it

does not de[K'nd for its conliriiiance iipmi external conditions, but is sell-propellinj; cr auto-

genous."

3. "The 'x.iint '>f autoir'.'nous '>xidat!'>n. wliile va.rx'iim for '!itfi>r<'nr rimdlii'ms nia\' be

indicated by temperatures of the mass ranging from 141)° to 160°C in an atnios(iliere of

' t'niv. of llliimis, Knu. K\iit. ."Slation. liiill.tin Nci. 46, li(10.
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tto

.i\\t:iii iir .i|.|iiri\iiii.iii Is liiiw.ici .'(Ml hi .'75 •' in '.wcx 'lii I «iili niir.iciii, .1-. in

,iir, ili'iMmliii^ iM .1 v'.i>.i< > \u Ml 11IH..1 ilii' liiirn< .-. c'l iliu-.iiiii I In pi min^'n <r| lin-

tir ,M nt.i! kitidlin^ <t'H-s not t<( t itr until a in 111 h hi^lit r u ni|H r.ti iti* i-^ 1 1 .n In il, nxn.iJK \,f

yiin.l <5li (
,"

1 "111- ;. ,.,| c r.iiiirc ,11 «liii 11 .int'iKiniMis "xiil.iii'iii Ik Kin~ i-. ihi .mil nf iinnnrniis

Iiiii|a i.iMi' 1 1 iiniipuni III -, 1 .ic II mil' ol »liii h 1 iili. t In . .uw 1 i il , ciM 11 I milril'iili'in to llir

1 1 It. 1 1 hi ,1) ()ii.itit ii \ IT III! .itiM' III it ^ I II III I i' III .1*^ .1 ^liniiiliM fur i lu-niii.tl .i> t i\ iii< >, iniiNt

lir liiiiknl ii|iiiii ,is ,1 il,ini;ii.Mis l.iiiiir, trinliiiK' iliriill\' In the iillitn.ilr 11 ^iili ..I .iitivf

t tiniliii^tiiin lliiiiii^li'inl ilii tti,t^^.'"

All i'niiiiU'i.iliiiii of llu' iiiiii'c iiiiiMirl.iiil f.iclnr^ in nxidalinii i> then

^;i\iii l<));illii'r will) .1 -liiiit (li-iii«>iiiii ot larli. Tin m .ut, in liriil,

.1. IaiiiimI -^iinrtts iif hr.it. nxiil.itiun, t n|Hi i.ilK' nt the liiwtr forni \-. ^rr.tlK' .ir-

rrlfiMlril |i\. ,ini| ill siiiiir i .imi ihiHiiilrtil iiimii, (Mrrn.il nr {"lu^ir.il smiriis III hi, It Mich

.i-* (liin.dii I r MM*<iin.il l(-iii|HT.it lire, I lit- Iumi uf tht> sun, rtt ., (unt.iit with ^ii-.mi |ii|ii'<4.

.iiiil lir.il III iiii|i,i( I iir pri'i'-iiri' ilui' In ilr()tli ii( jiilinn iir iiirthml uf lii.nlini; or iinlii.iiliiin.

1 1. I inriic-,s nf iliv i.iiin. ('11.1I ill ,1 -1.111' uf tiiU' ili\ i-ii>n r.\|Ki-j's .1 ril.ilivi Iv m r\ l.ir^jc

1t11l.11 r .iri'.i III ii\ii|.itiiin. It i-sprri.ilK f.ii ilil.itrs ihiiniti.il Ifnin nt uxiil.ii inn iIim rihrd

tinilt-i I

I. I..i-il\ lAiili/.ilil iiiHi|Kiiiiiils.--.\ fir-t iir inili.il >l.i^i' I'f o\iil.it imi i'\i-i- in liitii-

iiiiniiu-. riiiK wliii h ilur-. 111 t miilt in the forni.itiuti nt i,irl'nii itinxiili'. llu ii .in pir-riit

in I 1 1.1 U nl I lli- I \ pi , 11 IW 11 111. 1 1 I'll I nlnpninuls, ttllii 11 ll.lM' .1 1.1,11 kl'l I .i\ iiliis liir n\\ k;rll .11

iiiilin.HA li nipi'i.iiiin 1, llu- |iiiicliii i-. hi-iiii; hiiii'ic ,n iil nr nihil I'imiI i nii>i il iiiini -. nf ihr

rn.ll ti'Muri-.

il.iiiilr. I'\ rilc-.inil nini-tiirc TlirH- li.ivr iilrrady Ihtii ili'.'lt with Tin nM'i.iiinn

nf pvrilc in.i\ In' r<in>ii|i'ii il ihr .tinnd sl.iui' i" ihi' nxid.ilinil of luil.

f. Ihf n\id.llinll nf ( .ulinll ,llld I 1 \ llfi K' " ~.\ llliril >l.n;i' nf n\ii|.ilinil nf llll' r.ir-

hnn.irt'inis in.ilcri.il cxi'^ls li\ n .im.ii nf ihr undinry nf nrl.iin nf ilic liydn .irlmii mnipi ill nils

nf in. 1 1 In n\idi/c with llu- Inrin.itinn nf I'.irlinii din\ii|i' .ind wairr .it l<iii|>i'r.ii iiri"- in rxcfss

nl l.'li In 1 (0 . This nsid.itinn lint's lint i.ikc pi. Ill' .ip| it I'l i.il ily .11 nriliii.irs ti'iii|«'r.iiiirrs.

Il is, hi'wi'M r, .1 d.iiiKtri iis st,ii;c in ihr priK iss nf nxid.itinn ,is tin ' 'ri;r .iiiiniinl nf In. it

y;i\i'n 'ill ni.iN' iinii kl\' r.iisr llu- tniiiH'r.il iiri- nf i In- iit.isstn ilti-iriln inprr.ii iirr. .\ii\

inili.il piniiss wliiih iisiills in r.iisiiii; ilu' initi.il tinipi i.ii tut' .sll ( .liinvr ihr nidin.iry

It iiipt i.il iirt' wniild, in .ill prnli.iliility, !i.i\i' i-nnn^di in.iitri.il nf tlif snri in\iil\ti| in sui h

.ulinll In tniiliiuu' till' .11 linn iiiilil lilt' I t'liiiH'i'.it iirt' h.id Imii r.iisi d .im I lit r .sll .iiid I lit n

lllis ihilil l\|»' nf I Aid.llinll Wnllld llt'^ill.

^. lilt' tnllllh sl.l;.;t' nf nvitl.ltiilM lll.iy lit' illdilMIld .IS nittlllinL; .ll I llll plT. II lilt's

.ilinsi' JIKI In J7.S .iiiil ilil'ftrs frniii till' prfvitiii;^ sli^.s in that il is .intnm'nniis. .\i livity

in this -i,i^;i' is furtluT .ntt'lt'r.ilt'd li\' I hf lii'^iiinini; nf f\nllu'iinif dt't-ninimsit inn nf llu-

rn.ll ilstll. Ii;llil inn lifLjills .11 .l -1 ill hiijlur I i1I1|h l.U lilt . llsU.lIK .ilnAf ,<llil tn4ll(r('.

Haldane and Meachem' .in- nf ilu- (ipinid.i tli.it ilu' (arlmii (iiuxjilc

(\iil\til wlun in.ii is ii\iili/<'(l is nut thu- In the cfimliinaliuii nf n\yt;cii

will) till- r.irlinn nf the iimI, init tll.ll il is (Itir lu (It rnni|)nsitinii nl

( arl)()naf^_'^ \>y imaiis nf >iil|)iiiirii' ariil Inriiuil li\ n\i(latinii ril tlio

pyriti'

Tin- ciuinicil icuiinns uliii li i.ikc pi.ict' when jiyiilf is nxidi/ttl .ire:—

) i-'i.s -4- l.s() -L .»;!!() '!"(•(). 4- .'>'!!.SO,

and ,SII., SO, + SCaCO:, = S('( ), + S( aSO, + ,sHj(

)

r 1. M. I-;, w.i. I'l. ft'"*. :•. 4<;.



in

"It will III -nil t Irit till I \ I t \ I ^ Milimii - III <i\\ ^» II w !iii li 'li -,i|iiM II III I hii ri .11 iii'ti

S viiltiiiii"t lit I .iiliiiiiit .11 ill .III iitit t.iit'tl ii w il] Ik- tiHiiiil Mil I .ill til.ii toll I li.ii ill .lir |i.i-v<>t.ii;

o\'t'r '>iit li tii.ni li.il. I Ik i iti<« >iI iliihtiuii i<>M in ow ^cti .iml itirrt .114- in 1 .11 I<>iih< .h ii| u ill I t>

1 ; 7 t. I lii'. 1 urn ~|i. nnU \i<\ 1 |i»i K I" 1 In ,im t.r^i 1 iiii ..li^ 1 m il m tin hi imiti ,ili|

« 111 kin,;.. Ii\ \li --!.. 1 1. 1 III. till .mil .\ikin..iiii, .iiiil in ilu- hi in it .lii Ii.mii iim.,! |iii ..

"

Tin rta-iiii- viMli III -ii|i|iiii I llii- lliiiit \ .111' iiuinriiiii- XiiiiiHl; lliciii

,111- llii- t.K I ill. II -iinif iiviiu- ill <imI il(n- i>\iili/c wliiii i\|iii^ci| in .lir.

till' I. II I til. II -iil|iliiii ii .11 ill i- lliiis liiniicil .mil lii.il tlii^ <-iil|>liiiri( .11 ill uili

att.iik ,iii\ I .iiImiii.iIi'^ wiili wliiih it iniiit'^ in ihiii.kI. .iinl ilii- l.n 1 lli.il

llir
I
It 1 1|

11 .11 inn III 1 .11 1 Mill i|iii\i(ic ilni- ImimiciI is .till Hit --iillii iriil ti« .n 1 (Hiiit

lorwli.il i-- ,11 t ii.ilU Idiiinl ti> lit Mill i.iliil. I lii^ thrill \ ,il-ii 1 \|il.iiii-- liuu

llicrc 1 .111 lit- ,ili-.iir|iti<iii III iiw^jrii willmnt iMiliiiinii nl i,irli<iii ilinxiili.

.\i;aiiis| t III-. tlniir\ , hii\M\ir. we li,i\ c ,1 i;n .11 111,1^- nl mint i-ii\ .11 inn

.iiiil n|iiiiinn .i~ .ilrc.nh -it Imili mi |i.ii;is .<! in tS.

.\ until |i.llu r li\ LamplOUgh and Hill' nn thr -luw i ninlnislinll nl (K.il

illl-t ilr^i liliis -.nine iiii;(lliiill>. i\I)llilllillt.ll wnrk W llirll W.l- will I .irrinl iillt.

Tin ir i ajui iimiitN .iiid n-iilt-. in -n l.ir .i> tlu'x hear on ilii- iiialtrr inidit

(lis( nsvinii. in,l\ 1 Mltlinl.lt i/lll ,l> InllnWN.

riir ( vnlijliiiii nl hell .iiiil the .ili-iir|)t inn nf u\\ v;i'ii \Mr»' iiua-nrcd

li\ pl.ii ini; .1 uiiuln'l <|tiaiilit\ nf (o.il- in a pint Dcw.ir m-mI Uaiiiiiin

tl.i>k 1 lilUil uilh n\\i;i-n .iiid titled with .1 Mii-ili\i' tlirtrii' thirninmitcr

< nii-i-liniL; nf a four innctinn i upper (nii-i. int. 111 therninpile in-i rled in the

cn.il. riie ll.i-k U.I- cnniiertid uilh ,in n\\ lien ie-er\nir nl .ilmiil dnnlile

it- i.ip.icitv, .mil prn\ i-inii \\,i- ni.ide Inr .iiilnm.itii .ill\ revii-leiiniL; ihe ilJ.is

pre— lire eniitiiiunii-lv ihrniiyhniil llie e\perinient. -n ill. 11 the i|ii.mtil\ nf

nx\ yen ali-nrlied trnlll time In lime rniilil lie lali'lll.lted. Ihe wlmle .ili-

-nrptinn -\-telll w.i- emln-ed in .1 W.ller llleniin-t.il whiill (iillld lie kept

.ip|)rn\im.itel\ ^nii-i.ml .il .m\ de-ired teiii|ier.il me. ,ind prn\ i-inii w.i- .il-n

m.iile tn repleiii-h the -iippK nl iiwueii trnm lime tn time fmiii .111 evtern.il

-nun e. the i|ii.mtil\ .iddeii lieiiiLj e.ili lil.ited I rnm ihe (h.ini;e- in pre—me.

etc.

The K.IMN in the .ipp.ll'.iHI.- were nie.i-nied .md .in.il\-ed .11 the lieuili-

lliili; ,ind end nf e.uh iNperimeiit tn determine '.lie .imnimt nl e.irlmii i|in\ide

lirndined and nu'tliane en\iilM(l.

I.implnimh .111(1 Hill experiiiieiiled with ten -.imple- .ill Inlil. -i\ n(

them lieiiii; frniii dilTereiit p.irl- i>\' the H.irn-le\ -e.ini .md one trnm the

"Hnllhm-l" -e.mi; ihe eii;lilh cn.il w.i- an anlhraiite. The addilinii.il

sample- were: .1 l?.irii-K'\ Inp -nil e.irrxini; 4,>' , nl pyrile- .md .1 -.impli

nl pure lump p\ rile- enlleeled frniii the rulilii-h ill .1 cn.il \,ird. The re-ull -

nl their experiment-, which were cniidiicled .it 4.^
, .ire -uiiim.ui/ed in the

tnllnwint; talile- .md cniiclu-inii- cn|)ied Irniii their p.iper.

Ir.uis. Imsi. Mm. liinrs. \..l. (.=;, I'Jl.C [.p. li2'l-(.^;.

Ihf iniil w.is yTnuuil to ii,i,.;s tliTciimh a .10 iiu--ii .iii-vi- .111.1 .ttili 1^1.

1

wirr iiM-.l 111 iiiiist of till' f.tperi-

ail'l liiiT.MfHT till- i (i.ll I.rr.\ inil> In it - 1 111 f. » i Hit il HI iiitn til. ; in] .. II . 1 1 11 -. U.l- lir.lt i-i! ill ii tlnrcttl ll.l*k 111 V.ICtlU

til IT- l.ii .1 il.ij. riir K.i, ,.v..K,-.l u.i- tiir.iHiriii .111.1 .ill.nvi.i Inr l,y .lu.iliMS.
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rop softs" and antiiraeiie should ^iw the s.inu \.ilui' of .> '> r.ijs. pi r 1 (
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of oxygi'ii absorlifd, wlu-ii tlic our t'\()l\fs so nuirh carlMHi dioxidf and the

(itlitT none at all. Hartji'r furtluT finds no e% idcnce in tlu' paper justifying

eonrlusions Nos. 2 and 4.

Had llii' expiTinunls been lonijiT and all of equal duration nuieh

more usi'ful inlorination niiulil lia\ e luen obtained, as some of the coals

would |)r(>bably ha\e e\iiuually conunenced to split off oxyj;en a^ain

as carbon dioxidi'.

In the cases when- the experinunt was stopped owiiiy to acctnnulation

ot carbon dioxide, the suspension '>f a small \issil conlaiiiin;; si.ini' carbon

dioxide absorbent in the container with the coal mij;ht ha\e bieii tried;

this would perhaps !i,i\e permitted longer t'xperimenls.

The chief wiakiiess which appears in the method is this accmmil.uion

of carbon dioxidi' and mi'thane in the \essel with the coal and the conse(|uent

loweiini; of the partial pressure of ox>^;en. The coal is therefore subjected

to an .itmosphire of ra|)idl\ ciianj;in>; composition. This difticull\- was
a\i)i<ii'd in the method employed at McCiill I'nixersity, in October 1912,

the coal beinn subjected to the inthience of an atmosithere of constant

composition and the products of combustion beiiiK contimiously replaced

1)\- frish K'l!^. while the (iiianiities of carbon dioxidi' and water vapour and

hydrocarbons in the gas dischargetl wire ditermined immediately after

lca\inj; the coal. Ivxperiments may thus be continued for a considerable

timi' so that any products indicating oxidation of pyrites or loss of carbon

and hydrogi'u ma\' be more easih- detectable b\- anahsis.

A linal criticism is that no figures are given which make it possible to

estimate 'lie I'ffect of errors in sampling in the several experimints. We
have already seen that such errors usualK' exist and that their correction

often inert ases the intelligibility of the results.

Winmill has just published' the results of some experiments on Harns-

ley "iiani" coal ,it temperatures of M)°, 40°, .^0° and (A)°C. showing a very

great increase in thi' r.Ue of oxidation as the lemperatine ri^es. A de-

scri|)lion of these results and a sitIis of tables will be fotmd on pages 86-

101 at the end of an abstract of his work, the main part of which was on

the sami- coal at ordinary temperatiues.

I'OKIKR, I!II I.IM.I'ON, .\M) ( AMICKON ICXI'ICRIM I;MS.

Porter, IJiilington, and ('.uniron cirried on a series of tests on the

behaviour of coal in an atmosphere of oxvgen at elevated temperatures

at McCiil! I'niversitv- from 1912-14. Their work will now be set forth in

considerable detail as it has not heretofore been piil)lishe(l.

riie investigation was imdertaken bv' Dr. I'orter as a sui)i)lement to

his economic siud\- of the coals of Canada, and in its initiation he had the

advice and assistance of Mr. Miigar Slanstield, Chief Chemist to the Fuel

Testing Division of the Mines Ikanch of the Department of Mines, Ottawa,

who has been his chief chemist on the original research. The laboratory
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work which was coiKhiciid in tlic Mininj,' Doparimont of Mc(;ill Ini-
vcrsity, was '\,mv at lir^t l.y Mr. I".. E. Millinirton, and latir by Mr. .\. K.
Canicron, .nicri'ssivi'ly holders of DoiiKJas Kisiarch Ifllowships in Mining.
Tiic following reiiort is lar^jely made up from the notes of these gentle-
men.

l)i:sckn'ri()N oi .Xii'ak \ti s ami ns ise.

The research as outlined in advance was as follows:

—

1. That each sample of roal he taken at the mine face, and i.e her-
melicalK- sealed at once under mine water in a bottle.

2. Thai this coal be crtished immediately before use, every [irecaution
beinj,' taken to prevent the access of air.

.?. That a portion of the wet sample so obtained, be placed in a suitable
container through whiih K'ascs, either drv or moist, at a constant
temperature, could be passed.

4. That the container be of such a nature as to prevent radiation of
heat to or from the coal and j^as during the experiment.

5. That the coal be thus first brought to a constant i)hysical condition
by passage of a quantity of a niiitral gas through it ; i.e., the moisture
in the coal should arrive at a state of eciuilibrium with the moisture
— if any—of the entering gas; also any methane or other hvdro-
carbon physically emitted by the coal al that temperature should
be removed, or the velocity of such emission be determined.

6. That the entering gas should first be passed through a suitable
gas-washing apparatus to insure its purity.

/. Ihat when the coal and the entering neutral gas reached a con-
dition of equilibrium, the entering gas should be changed to oxygen,
which had been i)re\ iously suitably purified.

f<. That .my rise in temperature in the coal or its atmosphere of ox>gcn
should be noted by two thermonteters i)laced, the one in the gas inlet
of the container, and the other in the gas outlet of the same.

9. That further, any substances emitted by the coal due to chemical
action with tiie oxygen, should be collected by a suitable absorption
apparatus.

Diagrams of the ai)paratus are shown in Figs. 25, 27A, and 2'). The
original plan called for suction as the means of inducing a current of gas;
this meant that when in use the container was under a considerable re-
duction in piesMire, and in practice it proved ditificult to pre\enl leakage of
air into the apparatus. It was, therefore, decided to prepare in advance a
large quantit\- of the gas re(|iiiri'd under pressure, and the apiKiratus was
thereafter so run that the purifying train was under a slight pressure, the
absorption under a slight Aacuum. and the container as nearly as possible at
.Utiinsphcric pressure.
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The dascs, Piirifyiu^ Train, and the Oxidation At>parntits and Accessories.

The Gases wtTi' at first prodini'd l)y ilK-mital int'tliods, and after some

expcrinuntiiiK both oxn'^'cii and nitroKi'U of jjood (|iialit\- were |)roduced

satisfartoriK , bill it was later found possible to Imy both jjases of a lii^li

degree of purity under high compression ( 1 2(t .\tni). Tlie ox\i;eti contained

but ()-2',' of ini|)iirity cliietly nitrogen, and the nitrogen oiil\ abcjut ()-5'(

-T c

7
i

Aaao«A»-r/o/>^

nor c^O

,D'A<«aAM or Apparatc^s as

I'lci. 25. Diasr.iiii of original appaniUis
i;',jrl.r ,jii,i liiUinslon.)

of impurity, wliich could easily be removed as it was chielly carbonic acid

and oxygen, Ail waste of time in preparing oxygen and nitrogen was thus

done aw.iy with, and a siipi)l\- of gas of constant composition assured.

The Purifying Train as \^~v(\ underwent but \i'r\- few alterations

throughout the whole series ot experiments, the onl> import. iiit change

being the substitution of a large V tube containing stick |ihos]ihorus (No. 1,

Fig. 2')), as more satisfactory than the bottle containing pyrogallol solu-

tion (A, Fig. 2.S) in the nitrogen train: this I' tube being kept in a dark

container to prevent formation of red phosphorus.
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The Thermostat ((insisted of a tin-linw! coppiT vessel, .?6" X l.V XJl-5";
fitted with a tinned lid. For the arrangement of apparatus in the ther-

mostat, see I'i^r. 26.

KOM H„sq,

;rT¥¥

a WAY COCK

PYROGALLOL.

TIN PIPt-
IN THCRMOST^t

DCWAR VESSEL"

iTHCHMOMtTtRS

IMMtRSCD
TO LINE IN

THERMOSTAT

3 WAV COCK

GEISSLER AND H,so^

CuO IN SILICA TUBE

B
SOLID nt«mMc .^'*^|^

i:ouPL,N(i coSA^^^frlsES
R̂iz:

Pt WIRE
OIL

{PotU-r iithi liilltngl'tn.)

Fid. 27. A—Goni r.il iliaKr.iiii iif appanilus.
B — SiirriT.

C—Theniii) rcgul.Udr (li,inraiii.

The thermostat contained water up to a convenient ie\ei, and was
fitted with a water gauge, so that loss 1)\- I'vaporation might he detected

before injury to the healer occurred. Tiie temperature was controlled by-

means of a toluol mercury regulator, operating a 110 volt, 3-5 amp. water-

heater by means of a relay. (Fig. 27C). The water was agitated bv means
of a motor driven stirrer. (Fig. 27B).
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The Kiis iM'forc ciiicrim; ilio (((a! ((nuaiiicr was Icil (lir(>iiv;li a 50 ft.

spiral of J inch diaiia-HT l.ii pipt' loilcd in the tlurinioiat hatli. Tlu-
container sIimkI in a diip I Uwar vi>m1, which in the first season's experi-
ments was ininiersed to within a few incjies of its top in the water of tlie

tiierniostat, to minimize dian^e of temperature of the j;as, hitween liie plac e

where the tin jnpe left the water and the inlet of the container.

The thermostat was insulated l.y lieinir completely enclosed in a jacket
of thick saddk' felt; and stood upon a numher of corks in a larye li.)\, M'
X l.V X 17",havinKW.ills r'lhick. The >pace between the felt and the walls
and holtoni of the l)ox was tilled with dry saw<liist. The lid was fitted with
a wo(Mlen box 6" X (>" X <>". liavinK a hole in one end. ihroiiKh which the
Dewar vessel which exactly l.tted was inirodiKcd at will. di^'. 2SM). The
other end of the lid was so hinged as to allou of easy a( cess to the stirrer and
heatiiiK a()paratiis in case of necc-.Mty, without any disturbance of the ccjn-

tainer and coal.

The Thermoregulator and Heater originally made by Mr. Hillini^'ion,

restricted the lluclualion of balh leniperalure to a rauRe of O-i^C.
After working excellent l> for two months the iclass of this rcKuialor crys-
tallized and broke in liie middle of an exjieriment ; its place was taken by
another one .! similar desi^;n ( Figs. 20 i\: 27C),but made with itlass tubing of
,'.," outside <liameler, and 1" bore, wliereas lheoriy;inal tubint; had been of M"
diameter, and ,V." bore. Tlie law ex|)eriments were all ccjiuliicted

usin^; this regul.itor, whi<h permitted lluclu,ui(m of bath temi)eraturi' over
a ran^;c of ()-0°('.

It may be worthx of note th.it the rei;ulators always did better work
when the stirrerw.is in operation, as a certain amount of vibration made the
mercury contact more prompt.

liie spark at make and i)n',ik lielweeii the platinum wire and mercury
surface was extiUfjuished b\ iiieans of heavy lraTi>fnrmer oil. This oil

re(Hiired deaniuK out every >i\ hours, as the sp.ukin.i; caused sedinuni to
form which interfered will: efficient re^uil.ilion.

The Stirrer (Imk-.. 2(> & 27H) w.is .nade entirely of brass, .uid was
operated by a J H.P. Crocker and Wheeler motor, belted to a countershaft,
from which the stirrer was driwn by means of a v.iriable speed friction
drive.

The Container was changed sewnil times iiefore .i satisf.ictor>- form
was devised. The first suggestion w.is the use of ;i v.icuum vessej tilted
with an inlet at the bottom, in which tiie coal might be placed without the
use of any inner vessel. (Fig. 2.HA). This very simple arrangement w.is
abandoned because it necessitated the use of a submerged connexion be-
tween the vessdandtheend of the tin i)ipe; it .ilso was found to be too
cumbersome to allow of aicuratc weighing of the coal and vessel when
desired.

Theform of container tinallyadopted was that shown in Figs. 26an(l 28B.
Into this apparatus the coal was at first placed in a tight-fitting gauze
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rc(i|)taili', 4" ton^; liv ahoiii 1 \" (li.iminr ni.idi' of 6()-m(>li ^'aii/f wliidi

l),i(l Ihcii prcNioii-K uoM plaltd l\'\^. _'S('i. Tlic idci in u-iiii; the vili/f

wa- ill, 11 liiilli ^.ni/.v .111(1 (oal mi^'lu lie rcailiK irmn\i(| tur wiiyliinj;, and
(|iii< kl\ rt'plaifd, no ^;a> (oiiiuxiDii^ lia\ iii^,' Imcii di^liirlnd. Tlii-, method
\va^ ^;i\tn a K'>od trial, lull provid Iroiililoomc, a> in >|iilc :>i the laci ih.u

the iiiiu/A.- w.is .1 \trv ii^;lit lit in the v;l.i^> (i.iii.iinir too nun ii i;,is p.i-st-d

lu'twi'i-n the k-iu/c .ind llu' w.ill of ihf \(>m'1, iii>i(.id of tliroiii;h ihi- coal.

Wlu'n. during tlii> iri.il. ii \\.i> rc(|iiiriMl to dctcrniiiK' the \V(ii;lii of the '.^.m/f

and coal, they were (|iiickly put into a spici.il wci^jliiii^Miilic in which the

.lir criulil l)c rcpl.iccd ,it will li\ niiro.ucn,

111 the I. Iter i\pirimiiii- the ^^ild ;.;.iii/c w.is not iim(I. the co.il licin^'

^ilnpl\ iillrodiiccd into llu coiil.iiiur on a lied of ^;l.is> wool, iliy. i,S|{),

and com. liner, co.il .iiid ~peci.d >lopper> were weii^lud loijeihcr wluii
re<|iiiri'd.

The Dew.ir \t-.>el w.i-. liiiid into ilu> liox I'i^, 26, \,\ ine,in> of ,i piece of

ruhlier cloth \ve<li;e<l in with cotton \\a>te, to prevent the .iiinii>^ioii of too
iniK li moist air into the cont.iiiur liox. The cont.iiner il>elf w.i> p.u ked into

the Diwar \e»el with line cot Ion wool. See I'i^. 2SH.

The Meckm.inn theriiiomelers. I'i,i,'s. 26 'id 2S. were lent 1)\- Dr. II. T.

ri.iriies. K.K.S.. Direilor of I he I )ep.irliiieiu of I'hy^ic- .it Mc( '.ill I iiivir>iiy;

th'.N were lapped hefori' readini; by an electric Im/zer. Readins;s were
i.iken l)\- means .f a leliscope from a dist.mce of four feet.

The Absorption J'ruin.

My reference to I'iys. 25. 20, and ,U it can he re.idily seen th.il thi-, ir.iiii

underwent consideralile cluui^'j's diirinj^' the prelimiiiar\ experinieiils.

Fij.;. 25 represents the tr.iin .is oriniii.illy (lesii;iud. Fii.;. 2') the form nsed
lor the first series of experimeiils, .ird I"ii^. ,U its 1")14 form. The ch.iiii;es

were m.iiii!\- suhslilulions of dr\ or solid .ilisorlieiits for the wcl ones in

order to lessen the weiKlU of llie train and re<liice the head to lie oNcrcome
hy snction.

'I"he re.iclions which iiiij;ht t.iki' pi. ice between co.i! and j,ms diirini; .iiiv

experiment were assumed to lii' as follows:—
When the coal is suluiiilled lo ilie action of (lr\- nitrogen. pureK-

plusical chanji"- ,)cciir:

(ll Mi'chanical drxinj.; or ev.iporation of iiioisliire;

(2) JAohition of carbon dioxide, if, as is coiiiiiionK the case.ihis

Kas was coiit, lined in the original coal under pressure:

(.<) FxoliitiDii of metli.me or oiher Indrocarbons K"„Hj„..j)

from the coal, these K>i''e> i'm(»sl .ilw.iys existint; in llie c(j,i1

as it oc( urs in the se:mi.

When oxyj;en is beinj; passed over the coal, oxidation of some of its

constiluenis usually lakes place, the substances formed bv this chemical
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experiment III, Parts 1 and 2.
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action Mciiilil prolMliK .,Mi-isi ,,| H.,ur, t.irlH.nir a(i<l .iixl lodnH.irhons
«()lil Mil fruiii ilic (d.ilv iii.iiliT.

Anv w.iU'T .A.,In.. I. .iilur [i(i\«i< .ilh .,r iliriMinh .li.nii,.il .u li.m.
»a- iliwirlu.l ill Milphurii- aiid ami iiii.ispliuriii juiiioxiili',

(Uilxs \i>», 5 and (t in I i^, 2')}.

CarJH.n .|i.,\i,|,- was aLsorl-cl l.\ the < ;,is>|, r l>iill> . ..niainii,^
IK.lassiiiin li\.lr..\i.l.', itiilx \,.. 7 iti the .liaur.iiiisi aii\

nidisUir. I..s| j.v Ni, 7 u.is ...llritcii in the v:iiar>l (iihf i,\

--iilpliiiric ai ill : \.>. ,S I

I hf sill.. Ill i.iiiil>ii-li>>ii liiiit' ...iilaiiiiiiK' n-.iii.ii t..|.|.<r ..xiilc

wasassiinu.l 1.. I.urn up all li\«lr.Harl..iii, i<, . arl lii.xi.lc

ail.l water, v\ hi. Ii prinlurts were ...lle.teil li\ ni.ails .it |M.la-li

liuliis ami a .ulpiiiiric a.id tiiU' simitar i.. iji.ise .|.s.rili.d

aixnc.

Hif.ireueiKliiiiK.n li pie.c of apjiaratiis it was wiped with a elear linen
rl.nh.amlallow.'.l Kislaii.! t.n iiiimiles in the lialan.f < a-e. The wei^lits
were ..Hmteil as they lav ..n ih.' pan. aii.l . li.rk..l l.y .il.-ervinK the blank
spares in the wei^;hl-lH)X.

With the apparatus as des.rilie.l ali.Ae, Mr. I»illiii^;t,m earrie.l ..iit a
hrst series ..f ex|)eriiiu nts the results .,1 which ar.> . learlv sli.iwn in the
appen.le.1 ,iirse>, ami lalile. The e.ial use.l was a s.nii-liKuit.. fr.uii Kipp,
Allierta. The sampK' was lak.n at the fa.r of tlu' workint;s |i\ Mr, ,le
Hart, and iinnie.lia'.elv p ,< kc.j in mine water aii.l sealed ,is w.re all other
sampl.s .l.all with in lioihs.ries -if . xp,riiiieiits. In all. lo.ir .xiKriimiiis
were run. Of these tii,. hrst two were ..f .i |ireliiiiiii.irv iiatiir.', iii.i.l,- \„
test ll.. .i|ipar.itus ,111.1 ^.iJn e\p« rieii. c, ,iiid ,tre not reported, as n., resuli>
were ..lit, lined which jiistilied piil.lishini;.

Th.' .iirves I it;-.. M ,111,1 M di.iw ih.^ r.Mili-, of liu- ihir.l .xperinu ut
win. h w.is run in three p.iri-.. In this .xperim. nt no ,nteiiipi w.is „,.,,!.• lo
c.ilculate the r.iti.. of ..volve.l siiliM.m.v l.i the .ix%v;en ,.l.s..ri..Ml. Iiiit ..t-

fcntioii was p.iid solely to the lemiteratuic risi' with .ixvK'un.

In the fourth expi riineni ,i .-ompleie lest w.i- in, id.- over s,,m.. 7.' ii.iurs.

The result- ol tlu' .ilisorj.iion ir.iin .-.il. ul.itions .ire sii.,wn in r,ili!e .Mill,
p.l24. TheoriKin.il lime- Temperii lire ricor.l dniwn l.v Mr. Miliinyion,
was simie twelve leil l.in^; ami this h.is lieen c.iiisi.ler.il.ly re.lui.d ,iml r. -

pr.Kliiced in li^r. ,V<.

The third (tirxc in I'm. .<.? h.is lieen ol.t.iiiud li\ pl.itlinj; the .lilT.reP.e
lietween liie or.lin.ites of the outlet ami inlet thernioin.ler .tirv.s in (.rd.r
to more clearK show tin- temperature ri- in ..xyKen. so tint it m.ty lie direct-
ly comparal.le w it h th.r.siMlsolit.iine.l ..y Mr. ( .iiiuion in the later .xiieri-
menls.

As shown l.v the last curve, the m.iximum 'emperature rise olitained
with oxy>;en was .,f the or.Ier of ()-7"C. There w.is. however, .m avera^'c
difference of U-2° (". between the inlet and outlet thermometers at .ill times
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Ml iliU ill rr.i!it\ :!u' Ifm|Hi tin iim' \» ,- ol ilir <.r.|. - i.l u .S i' Milh

oxvk'i'ii .inti n^'i II- .

<
'. .is xliim II 'llu' I iif vc li.i~ II" ii i , en rorti trd lur

lllf aVflUK''' 'litlircim in t('lll|M r.iMirr lliimiiillniil ii' i\|Hlilllilil

Till- r'-llll-* iil.l.iilHil l.s Ml. l<illiiiv;l.iii ill til, .il><)\r ti '^ itoiilil l>f

<iin«i<l(ii>l |)ri'liiiiin,ir V i"> i >i 'IhI miu >! ii>h(~ diikI l>y Mi ( .iiiiimr
ill III. WMiicr .mil -iifiiiv; I I'H^.IJ '\'\\,- n-UFU nt Uiih siiir- will Ik-

t iiiisiili'ii'il ill 'li'.iMiii^ liti.ij I iiri< lii>ii>ti'<.

I Mil i \l I

Record of Results Experiment IV.

(iiil i.ikfii 2(((>'<5 triiiiiiH^ Tiiiiiii I iiiirc (>( miIi: (>()"('

I 111!' m iiiirtiiii -.

I,7wi
1,K«'
2. 1 IS

2.XMI

ir imii litiv'.ti f I \ •lr*'k:> II i[) I .trii-'M Ml

W.iKT l'\. Im'iI lA.il-.ril. llMlirn .il|iij||~ tu ijli n .It I/- 'M'

|.\i.ImiI. .v.pImcI

\l ifHw|ilH.r,. in ii.p.ir.i' '|.^ i.s nil fifU*'"

lll''> ilU iill.i (UK.?
IMI7 5 1H(.'« INKKI IMI.")

\' iiiiM»itlnTf in ' ip.ir.iMi^ ( h.iii fc;. 'I ni Mw^.-n
>'I!»5 'K>i(i .(MMS -IMKNi

'•Ml niiij - IKI.'I IHir t

i"i'il (Hi=.il IKI.'lt .IHI47

!
'I'S I" 1 .(M<»I 11176

.Null, \|)I>ir«lll ;.,.lill ill «r!^ li ,.l ni.il II t.^t^S ^|,||||IIH-.

.Xpp.iniii K'li'i ii' >iii(i'i' 'I ' " il jHT t^r.iiiiiuc of co.il =()(12U)

Kc.ii i,.iin ill «<ii;lii .,1 (o.il, iiii'lii<tin^ wcij^lii of ( .md H cNoKiii -

(! 7(171 k;r,iiiiiiu'.

("()... CM Kid wii^lii'i II O-ll all'! llu Tc/nrc ircni ii' liii ' s- :!i.in

'. I lie ()... .llisorlml.

llu ,iiial>>-i- iif cual Im l.irc .iiul ,illi r llu- cxpti i;u ... !i-

locl. I, It- ililliriiu'c.

Ht'lorc lu'^'iiiniii^r ilu- mcuisiI ti -!> M\cr.ii ili.iiu

ap|iaralii> t" iiict-I dittii iillics uhiili iU\iIi.|>f(l in llu (..-i

III.

irA

Chofiiii's ill till' A f>f>iiriitii\.

l-i^'. .U -how- llu- yciu'ral I,i\omi of ilic ,ip|>ar.Uii> as r(M'oii>(riicti'<l.

.\ 1 oiiip,iri-oii wiili l-ij;. 2"> will >ho\v tli.ii ilii- piirif\in^' ir.iiii iiiiilcrwi'iit

no .illcralioii willi llic i-\(<plion of llu- rt-nioval of llic loii^' phosphorus

pi'iiloxidf iuIm' 14 :. Tlii- w.i- done to ci oiionii/f >p.icc .uul sini|ilif\ the

.ipp.iraliis, il h.iviii^ hcfii found li\ .in.iK -iiiji the ceases (li.il llii- phosphorus

pt'iiloxidc liil.f was .111 .illoiii'llur iimu(Cssar\ i;iiard, there lii-iii^' no ir.ice

of iiioi-iiire in llie j.,ms .iller it left liic l,i-l siilplmrie acid liollle on its

^» a\ to the tlieriiiost.il.



12'^

CiiSi.iilrr.i! Ir tli.ii',,>. Iiuwi" a.i- nil-'' Ml ll'' |||. i in- '-l,ii il'-

I
It ill! i|..il<iiu-,.i-HliiivMi li\ ("iiiiMii- I I in-''' \M ill I >u *'<,li«iin.' • '!' riiifi.v.il

n| iIk Diw ir \i!«mI Iniiii i' - |w>siiini m Un- Ij.ii'i l« .. |i.ir,iif U.v .itl.., |i. 'I

III llir 111. Ill ihr tliiriii' a. 11 I- » I'liM > Hillinufiiii -^ ^iiwl;, .li.iti

/ /

CuO IN !>IUCA TUBt
l,«CI. 10 ItU

£itT SfW.W5 inOUO HtAHlNO

VL^£
V *

1'
a

3
J

'.UCTION

^=*v

I

/.,./ri .!»/ ( /"''

1 1... vl A C.cniT.il di.i.;' 'Ill n( fill..! .ii.|i.ii.,iii-.^

li '^limr.

( I 111 r ri'unl.ii.ir .li.iyr.iiii.

ill (inUr Id nuikv llu- ^i\s romu\i"iw ninn- .u(c>~ililc .iii'l In inininii/A .iiu

chanci- nt ni.ii-lnro fnim lli. li.uli w.Ucr tiniliiiii ils w.iv inlo the Dcw.ir

vessel and thus pu^-ilily ^i^inK' •! v.iri.iMt- Icmpiniiurf in that \fs-el

When first put into tiio liux the Dcw.ir m-sm.! was wrapinfl with 1

inchdf fill .md the whole packed .iroiind with sawdust, hut it was soon found



\2(,

that there was a surticienl (lilTtriiue in teniperaiuic hclwiiii ihr iiis-ide

and outsuli' of the Dc-war vissil to cause appreeiaMc l-.ss in linipeialure
in the ve.,sel,an(l conseJiiiently llie liox was fiinlicr nuKlitud as slmwn in
ii«. .<5.

i y b b « « w a «" ^ .^ //,/

. s

The I...X (>" X 6' X 1«" was ,••.'!,. waler-tiirhl l.y hnini; with heavy
Ralvaniml sheet iron, and, after the I )ovar vessel had lieeii placed in position,
was filled with a heavy translornier oil. In the liottutn of the Ih)x, hut
msulated from contact witli the lining, was placed a small ele.lric heater
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which, when omiu'ctt'd lo ihi'cU'ctric tnirrcni ilirmi^h .1 \,iri,iliK' n ^islaiici-

in the form of a hank ui lamps. \\.isal)li- 1' • ktt|) ihc oil i)alh ai .111 \ cloircd

tiMn]irratllU'. This licaler i> >liown in 1 u .^()-\ and consists ol a oiccc of

aslxslos • hin^;ic 4" X 4" X 1" npon which i- wound <> fict of "Nichronu'"

hijih resist.mcc rihlxni wire. i'hc shi:-.i;li > nit s(|ii.irc on tl;c outside .iiid a

1',' ili.iini'.i-r circii rut out of tlic cei'ilrc .isnd ni( kcd lo rccti\r tin wire.

A U); of small hole- w.is pimi iied 1 '''' from the centre ail around and as ciosi'

.1 pos>il)li together and the wire threatled a- shovMi in I hi- diagram. In

this wa\' tile wire is iiisul.ited on the • 'iil~ide eil;;e from coiiiact with the iron

lining of ihe 1mi\. The wiioli' is supported from thi' liottoin liy fottr short

WKodeii pejj;-.. Thin ^la~^ iuIk's c.irr\- tin li.ire cop|>ir wire le.'.cls from ih'

lu'ater to tile top of the 1)0'. where llu y are coiiiiecled to tlie hank of lamps

1)\- permaiH'nt screw terminals. When in po>.ition 1 h. he.iter i-^ so pi iced

in ^'11 box that a cork pl.u d on llu- liottoin o' tin- Dewar \essel just til-,

into ihc circle cut out of the (inllt ") the he.it«r.

.\ ( iirrent of ,sl) ampiTcs w.is used to he, it the oil up to the niniireil

K inper.i ire (about Sf)"(".) and thereafter .! (( .im))eres were contitn. illy

applied u. Ill ike up for r.idi.itioii losst ~ ihiou^h the box. The In ater

bi'iii^ pi. iced .It the bolloin of the box idiuection ciiirents j.;eiier.ili d in

the oil ,ire suflicieiil to heat the oil uniformK tliroii(.;liout . no iiiei li.mic.il

stirrint; bein^ iiecissar> .

In order to ^.im- the larj;e amount of time that would be necessary

for the i;.is alone to .'.lat the conl.iiiu-r to the desired temperature, a second

sm.ill luMler. as shown in I- iy. MAi, is used to lie.it ill) '''i' inside of the Dcwar

vessel. It consists f a tlat piece ot asbestos board 1" X •'" X i" around

which is wound aboiii 2 feet of "Nichronu^" wire, the whoU' being insulated

by a cowring of thin .isbe:.tos pa]>er wr.ipjier. The leads, connectinv;

the he, Iter to a pair of terminals situated on the outside of the box, aie

ni.ide of ordinary flexible insiil.ited lamp cord with sc/lder connexions to the

"Nichrome" wiri'.

This heater was also run through a bank of l.uiips. .ind it was found

aft'.r some exiieriment, that tlu' same b.iiik would do for both. The oil

bath w.is first heated up to a little .ibo\ e the desired temiHTalure and the

connexions then traiisferrid !o the second heater. This one heated up

much (|iiicktr and the resi-l,uice of tlu' bank of lamps w.is then .irraiiged

to keep it ,il a conslaiil liniper.ifaie onl\- breaking the connexion <M-easion-

alK to licit up the oil bath .is it cooled below .1 certain point. Thus by

altering the ((nmexioiis o<casioii.ilK' il w.is .i comp,ir,iti\el\- e.is>- matter

to keep both leiiiper.ilures f.iirly constant. .\t the end of .iboiit an hour

it was found lii.it the thermometer in the Dew.ir \i-^-<l would no longer

fall upon lire, iking the connexions, but would n iiiaiii const, uit bei .luse

li\ then llu- \\,ills of the Diwar \t-ssel. llu ( nit.iiner. and the co.il had ,ill

re.uhe<l the s.inie leiiiper.itlire. and there bt-ing but \ er\ link- radi.itioll

this loss was muno r,icte<l b> the he.iling efiecl of the iiu oiniiig g.is. When
this (I'lidilion w.is obi, lined tlu- connexion-, were iii,ide perm.ininlly to

the healer in llu- oil b.itli.
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A liirllur nKxIificitiiiii of tb'> 'Clicrmn^i.it coiisisitd in the >ub>titiitii)n

I'f a l).itt«T\ of .'i ^;ra\il\' (ills Mi|)()l\iiii; llic ciirrciii Turcssiry lo o|H'ralc'

the relay in ihc he iter -ii. nit of the halh iM^js. 27(' Ani\ .<4(') in [ilace

of taking; ciirn iit troin tlic ll(t volt main-. lU this nicans sparking; w.is

i-ompU'trK' (loai- away with in the >;lass rr^iilator thus niininiizinn the

p<>ssil)ilil\' of delay due to the rev;ii!ator luirniiij,' out.

///<' Alisorf>lioii I'niin.

The Main 'iiliered a few iiiinoi eluuiKes from Hillin^ton's de-iyn, .iscm

he s(en l.\ I iu- -'7.\, J" 111. I U.\

In the lir-t ' ami i< n i \|«riniiiii dr\ ahsorhents alone were used ; ( a( 1;

for moi-t lire and -o<la lime for ( < >.., hut it was found ; hat the I lithe con-

tainitii, * a< 1. ri(,i;^;ed early in the experiment stopitinu the tlow of i;,t~. so a

vessel of ll-.S(>4 ((>, I ig. ,>4 A) wa- -nhstiliited in the l.iler i \periiiii m-. It

was ak'i telt that HjM )i made a hetter dr\ir for the < ompar.iiiviK 1 'i;!'

amoniii ol water cominv; ci\er from the i oai a- liie hiihhie- ri-in^' ihrnuirh the

li'piid ua\e heller and surer ••ntail helweeii the ^M- and the ah-orheiil

lor ihe \er\ small (|iianlili( ~ ol water produeed Irom the luirnin;.' ot the

liydnHarhons t!ie dr\ ahsorheiii w.i-- loimd \er\ s,itislaeior\ and was useil

tliroU!L;lii>ut tile te-t-..

As iiientionrd ahoxe the dr> .ihsorlMiils used were ( af'l.. lor moi-.lure

am' -(Hia lime tor ("Oj. (".ilcium ihloride was siihstitiited tor I';* 's ;'.s

used h\- Hillinii;lon soIeK hei lUse a i;ood supph' was found r»'.id\- at hand

in the lahoratory. Sod.i lime w .uid 1". I- iii; i4 A' was considered a hetter

ahsorheiit for the uas than a solution of K< )l I. and mori'over its use elimin-

ated the neeessily ol wiiiihinij an rMra moisture ahsorheni after eaeh < <
'-j

ahsorheiit. The upper half of the seeoiid arm of the l tuhes eont.iiliini;

-oda linn was tilled with CaCI.; to l.iki' eare of the moisture developed hy

the reai lii .ii of ( ( ).. upon the soda lime.

Tfmf'i rat'irf ' I'l/i.' /;;<.

Ill onier to ohtaiii xcrx a< ( iiraie readiiv.;- of the temperature dilTereneefi

hetwicn ilie iin omin^ i,.is and the coal, two dilferenli.il eleriric resistance

thernioiiieu rs spuialK de-iiLjned h\ Dr. II. T. Marne>. and tn.ide Ia Mr
N. r. l'\e in th. Maidon.ilcl I'lusiis l^iiildini; of the rnivcrsilv, wen li^i'd

in place ol till Hickni.imi tlu rmomelers Used hy Hillmv;lon. I )il|. I'-nc. -

oi lem|ier.ilure ol one li\ e-lniiidredtli ol a (let;'' e were ta-^il\ oh-ervahl.

wilii these inslrumen!--

Tllis apparatus con-i-led e~-enliall\- if three par(<, .is shuv n iliav/r.-- i-

mali.ilK and in detail in I it;. .>".

I The two ditferenli.il llurmometers.

_'. .\ spi'ci.iH* coii-iructed W'heatstone's liriili;e.

.V A Mroi.i yaUaiiiiineter.
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Tlu- llurnionu'lrr as sliown in I'ii;. .^7H (•<^nsi^t^ of ,i thin silwr tiilif, 2'

loii^;, tiic,i>iiit; a coil ol mt\- fmi- platiiiiiin wire of .?8-.Sll ohms ri'sistaiice

woiiiiil .iliMUl a mica rciiirr. Tlif tlicrmomclrr is (((iiin'itcd lo a iiLiss

IuIk' S" loii^' anil ,',
" (liaiiu'liT. Tiir Icad^.. ii insist iii^; ol line silk in-

D«»Y BATTCRV
TMtRMOMtTlRS

, | ti66 l i
*DJUSTABLt

"TT l in RESISTANCE.

PLATINUM WIRE^^^^m^
GLASS TUBE SILVER TUBE

,MOVABLE CONTACT p
Z Z B B' P* P' C C <i G *-'

1 r^ir

I <•

MARBLE TOP'^

' gsw 1 ' Z3W. I

Z Z B B P PC CO
©0©©®®©®®®

^^'"^.ts:'^ USD sifc;: —

s

f\ — DIAGRAM OF TMtHMOMtTER CONNECTIONS ,;..

B — DETAILS Of THERMOMETER

C — DETAILS OF WMf ATSTONE'S BRIDGE

I'll i)('I.iiU ni cU'cirir i iiri m')nu u is.

suiaU'd (Dpiur wire an' I'lirtlur insiilatcil from cniH.uI will) i-aili otiuT in

the t;I.iss liihc i)\ licin^^ carried in .i'," ^;l.iss tiiiiin!.; lo ihc terminals at the

top of the iherniometer. I'.aeh thermometer also has in it a pair of eom-

fu'iisator leads eonni'eled to sep.irati' terinin.ils at tile top so tiial the two
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iiislriiimnt> niav he u>v(\ liilur tci^;itlur as ilitTiTfiiti.il ilitTiiKimi-ltTs or
stparalilv for iiicaMiriii^; aitual li-mpiraliiris. In llu- fXiHTiiiKrils they
wiTi- al\va\s iiM'd (lillirtntially and, llurrlori-, llu- comiHusators wt-ri' not
ni-i'di'd. A ilia>;rani of tlu' tlu-rnionuti-r connexions is shown in Fi^'. M.\.

Tlif Wliiatsioncs llridnf i^>lio\vn in diiaii in 1"\k. .<7(". It tonsisisof a
woodi-n l.o\ .V'x.V'x24" having; a >olid rnarMc lop. Tlic Iwo ('(lual arms
of till' llrid^;l• of IS ohms rcsi>lan(c tai li arr piacvd in^id(• the Imix and atl

coniuxioiis art' M to terminals on the marlile top. The wire it^lf is of
such M/c ihat a temperature diffircmc of TC" l)el\veen tiie lliermomiler- is

e(|iii\.iient to a mo\emint of the sh(hn^; ^'alvanonieter ( oimexion of (>U mm.
and the wire i^ein^J 600 milhinetres ion^ a p()ssii)le temperature <nrferen(c
of .^°C on either side of liie zero reading' is shown tiirectly upun the Male.
A tiirlher re>i>lance i)ox made of the sam.- wire as the HridKc win may lie

in^vrted in series with one of the tliermometers. .md is so arranged .i> to
KivercadiuKsof anvlhin^' from one lo ten dcKrees, so that with the apparatus
it i,-, possiiile to read witli ^reat aiiuracy any leini)erature difference l>e-

Iweeii the two tliermometers up to l.S°C.

The naKanometer used was of the standard Hroca type, obtained.
e(|uipped (omplete with .\erii>t lamp and scale, from the C.imbrid^'O
Scii'iiiilic Iii>trimu'nt C'umpaiiy.

A.-^ mentioned .d)ove, the Mridnew.is (U'siK'iied to have a movement of

60 mm. for e\ery de^jree of tiinper.iliire difference, hut before starlinv; the
exI)c•rimeIlt^. calibration te>ts were m.ide by taking; a series of readings
with the thermometiTs in b.iths of difftrent temperature, ii>inn stan<lard
mercury liurmiimeters, readinu to one-lentil of ,i de^;ree. .All re,idiiii;r,

were ni.ide simultaneously and upon calculation it w.is found that the
averaj;e mowmenl was 601.S mm. per decree, which is well within the
limit ot .iccur.icy of reading; the mercur\- thermonietcr.-,.

The Coals itscd.

In order that close comparison miKJit be m.ule with I.am()loii^'h .md
Hill's work it w.is decided th.il ,it le.ist one of the coals used shouM be ,is

nearly as jiossible the >ami' ,i^ Minie tit.ii the\- exiierimented on, .md there-
fore samples were obtained, through the kindness of Mr. ( .eor^e Blake
W.ilker and SirWilliamdarforth, from v.irioiis colliiTie> in Kn^land working'
the U.irnsley ^e.im. These co.ils were used for live experiments Nos. \' to IX.
It was also thoiiK'hl advis.ible to experiment with ^ome C.uiadi.m coal
especially li.ible to spont.meous combustion, and for this purpo>e the sample
used in experiments X .tnd XI w.is obt. lined throiiKil the kindness of Mr.
("adwalladcr i;\.ins, from ilie .Xc.idi.i ( o.d Comp.my workinj,'s on the Ca^'e
Pit seam at Sli'll.irton. \o\,i Scoli.i.

DirectK .ifter re.ichini,' the l.dior.ilory the samples, which were sunt
from the mini.-, in >e,ded \e>Ml> tilled with mine water, were crushed imder
mine w.iter to about 10- ,?0-niesh .md hermetically >e,iled in .iflass bottlen.

stored imder water.
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7//(' l'.\ Inrimiiits.

Mclurc ^lariin^' ilu- cxiicrimcnls it \v;i-. th'ciilfil thai -inmc iiiimii-.

sliuiilil Ik- Ii.uI 111 (liicrminin^; llif .i|>|)r(>\iinalc r.ilc of tluw nl ilic i;a> tlirmiuli

tin- apjiaraliis, ami I'ur llii> purpose Dr. I'lirlir ili>i^iiri| llii' apparatus

hlidwii ill I'i;:. S.H.\,

tu>

>

t( ^^< ^yi«fei»

It was iiisiTted at tlio i-rul of the absorption train Ixjlwini llu' last

M2S()4 bottle aad tin- suction (Fig. .UA*, and consisted of a sjradualed bottle

(A) c()nnerti'<l 1)\- means of a syphon to an ordinary Winchester (B), which
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ill turn was loniU'itnl l»y ^i T-piirc in tin- siiiiioii. A l>y-p.k-'< i|) was
iiiM-rlid *<» that lln- ^;a> i oulil lluw dirct t from tlic train to the sik lion vvlicn

iiU'aMirfmciit> of tlir r.iif of How witc iioi lirin^; taken. A \v,i> lillcil with

wall r to the ((irk and B w.i^ pLu t«l at a sliirluly lower le\el ilian A in onhT
to liclp the -.111 lion o\ei( nine tile eMr.i head of water. With nnU 1 ( lose.l

,ind eoek^ -', .<. and 4 open, the .iietion <ailM> .i Niutioii in B, w in h e iiivi'-,

the Water Iroai A to flow oX'T into B in.ikini; a >IiKht Nacinim in A wliitii in

turn draw^ (;a-< Iroin the train. The flow will of coiirsi' lie no fa>ter than

the Ka> is led to the piirifyiiiK traiii> front the storage tank-, and thertfore,

ditlereni rates ol llow of ^'a> ean lie correlated with the niimher of liulililes

pas-ill^' Mime liottle in the piirifxin^ Ir.tin, and the r.ile then after deter-

tnined li\- cntinliin,' these luibldes from lime to time. In ihi- wa\ the

curves. I i^;. '^'). Were olilained. The oxygen curve shows the r.ile of llow of

o\v^;en throii-h the li-S( ), lioiili' 2. l"i(; ,<4.\, in lniMile- per mitniti', and the

nitroi;in curve, tiie r;iti' of How of nitroj^eii in liuMile-^ per miniiie throiiKh

the ll.SO, l.MiiU- \o. 5, I'iK. .U.\.

I'll is is ol ( iiursi iiv no means an .iccur.iti' del ermin.it ion. I ml it proved
siillicieiitly relialde for the purpose and with a liltli' care alioiil the ,i<ljusl-

inents the eNperimenls ( oiild all he inadi under approxim.ilelv identical

COIKlitiuHs.

In order to oliiain iiliaMe results the coal had first to lie thoronj;hly

ihiid, ,uid liefore all expt'riimnts this was doiu' in the following maimer.
rill coal on lieiiii; t.ikeii from the stor.i^;e bottle wa- lir^l pl.ii id in a

filter lor a few moments to .illow surface wati r to dr.iin off. Irom iieri' it

vva- tr iiwferred lo a l,irv;e -heel of coarse tiller pa|)er for a brief time .iiid as

much more moisture as pos-ible extracted. Then il was placed in an aimos-
plierc of iiitio^^i'ii in a sin, ill tl.isk and linhiK corkiil with ,i rubber stopper

tiirounh which |)rojected .i c.ipillarv ^'i'ss lube. The llisk w.i- then pi. tied

in an oven .md kepi at a temperature of lO.S-l KfC. for from three to live

hours until upon cooling' .mil weiKhin^; the co.il wa- found to rem.iin constant

as to wi'ijjhi. In this way all moisture was removed with vcrv little contact

with air .md conse(|iient .absorption of oxygen.

Tlie primary object ol the experimenls bein^; .i studv of llii' heat

e\oliitii)n due to tiie action of oxy^;i'ii, tliev were run only lonj; I'liou^jh

to produce a decided rise in the i. iiper.iture of the coal, and usualh a

period of some l.S hours sul'ticed. .\o atUinpt was made to di'lermilie

the r.ite of .ibsorption of oxygen .is this would h.ive necessit.ited Ion' ;x-

tended exi)eriinents such .is No. I\' of Hillin^iton's work. Moreov> .
. ,/\\'i t;

to the short periiMJ of time over vviiich each I'xperiment exi m ;• t i' < i-.

thought unnecess.irv to make a ik'tailed study of the rate of evolui. :. o' i!

various gases coming from the coal, as liillingion did in ex|)eriiiienl I\', anil

onlv- the loial amount of evolved subst.mces was obtained .it tin vnd ol

each experi'iient.

Two series of exi)irimenls were made, one showing the efftct of !.y

gas upon ihe coal and tiie other the elTect of a saturated gas. [u b'lvh

cases, of course, the coal was previously thoroughly dried in order that
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the inir Wt'i^'lll III t'li.il "liililil III- klli'W II 1 1 Ii.kI I nth i|ii|H . in ('\tn rjliii'lll

with ot'vtr.il ililli rcti; in.iU. Iiui iiiilcirMiiMii K nwiri^' m iIcI.in-. tlu' li'iiv,'lli

of liiiii' iutt>».ir\ 111 (iiti>iriu t .iiul i,vi thr .i|i|).ir.iiiH .tiiil uiIht imt'irc-i rn
(lillii'iillit">, iili.iliK' K -^uIk \Mtf r>lii,iiri('il Iriuii ilinr c-oals i>nl\

S'Mt) lAj criiiU'iitx ill ,iil Urn- iii.iiic, loiir ii^iiin (lr\ y.iv .iihI llirtf u-ini;

saiiir.ticil n.is. '\'hv li.illi iiiiiiiir.iiiiri- lur ,ill i\|«riiiirni-. «.i- ^n '

as it wa^ lilt lli.il .11 llii> -niniwli.it cliv .ilcil lriii|iiT.it iirr iiicirc r.ipiil nviil,,.

tidn wuiilil |)rcilia!)K i.ikc plan- .iml (jrliniic rc,i'h« woiiM In- mure (piic klv

fnrtlirKniini;.

In tile iNpiriiiU'iil-- « itii ^.il iir.iird ^.i-. a -\\\iUi rliaiiuc in tin- .ipp.ir.iliis

Was iii(t»ar\. lur ^aliiraliiij; llic ^M^ at llic Icitiprrallirr ul llir ImiIi

a sill, ill na> \\a-.|i luiillr c (niiainiiiv' di-lilliil w ili r wa> iiiMriiil in llir llur-

lllo^t.it intWicM till' Kiil cii pipill), iimmI III Ileal llie ua- allil llle pipe ItMijiiii;

III I he 1 iial ei 111 I. liner This w.is -u eniii 1 1 tec! that the ^a-- luililijeii tiuom;!!

the w.ili r. It was al-n nei es^ars In iii~in .1 imiilin^er In iuien the (iin-

taii(r,in(l the tii'-l siilphiirii .uiil Imiili )u' .l.^urpt imi train li> nilleit

the e\((-'- inuistiiie iiitiiim; ii\ir Tin c iiiisir idn-isieij HiinpK nf an
,lir li^ht liull le -I I ill jll ire ImiIi.

The ^a> heinv; ilrv iiiilii il i. ai I nil liu w i-li In n ili n \\ i-, e\peilei! th.it,

as the I liaiiK*' iti \\ei>.ht of the Imiilc. ,,11, | ihe wi i^;|ii , ,t w.iier 1 umiii^ user

into the ciiiulen-er smu knovMi ii uniiM 1m iniple ni.iltir in r.ilnilale

the aiiKinnt 111' w.iler .il-nrln! li\ iliein.il: Iml nnlnrl iin.Llel\ il w.i^luimil

ih.il in .ill r.i-i •, -mile w.iler wmkiil link inln ihe i nil .il tin pipiiii; in ihe

therino- t.it prnli.ilily li\ ilillilsiun. Mui-i.ire (leteriiiiii.il imis ihi ii inn I..11I

to lie made on the co.il alter the experimenls,

i\ll( uliilious.

The weiuhts of ihe waler, Lirlmnii .nid .in,] liMiriir.irliniis i;i\en oil

(liiriiiv; Ihe experini' iit .ire olii. lined , \er\ simple i .ilciilations from the

\vis.;hl-- of liie ropei li\i' eliiiients of the .ilisorplion tr.iin Ik fore .iiiil .ifter

the test. 'I'he wiiyht o| oxymti alisorlied is ol.i, lined 1)\- iddiiu ih'- sun
of the three ,ilio\e items lo the .iluelir.'ic' inrreasc in weight of tin- nui ,1-

ilclermined li\ \\ei^;hinK the roiit.iiiiiT before and .ifii r thi' test. 'I'h, \iil-

in-.e of oxytieti alisorlied is tlien (.iKiil.iled from tiie following formiil.i:

\=\\ X 224IM)-; M where
\' = \olittm' of o\yi.;eii at !''(" and 7(iil mm. pressure.
\\' = weii;ht of oxygen aliMirled.

This \er\ simple forimiia wives ih.. Manne direi iK . and shows thei^'n.it

ad\anta^;e of tisin^j j.;ra\ iinelrie metliods of .inal\ -is over the volmiMiiii

methods as used liy l.amplniiyh .iiid llil!. ,md Winniill.

The calciil.ited resiill> of ,ill the experimeiii- h.ive Ihi 11 .isscmiile 1

and are shown in T.iMe .\o. XI, 1\', p, t 4.s, hm curves shouj. , ih,. n litimi

litween temivratiiie .mil time have been dr.iwn for eai h experiniint.

• 111 Mil- ni.ijiiritv ,>l th.. i.-sis rii.wli- in llii- li.irti. i.l.ir i!ni«tn;.ilMm llii- m.i! .iitii.illv li.-l ui-ikIii miiiK fi
t' . 'rw. .1 iin.isUiri-. I'l,-.. 1 x,.|.||iiii; tin- .ili*<.t|.niin ..I ..XVi!.-ll. Ill tli.w ..i«-* llic iiurruir in wiuhl W..11HW .1 niinil« i!il!intits- and lh<. alisoii'lMm of uxveoi wiinl.l lli.ri'l.irf In- Ii».« th.m tin- . iini "f tin' thri-i- u-riK
rViiSv.-d.

kit
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.mil «il! lie i\|>l.iiiuil .iml ili-i il^x .1 in ilrl.ill U line ni'illt: hiIo .1 liinii ;;iiu i.il

llist•u^^i^lll iif llic rc-iill* ,1- .1 wlmli- lU ii in|M r.ii iin i, inc.ml lli>' diltiTrncf

iif l('|ll|irr.lUir(' Ulwicll till- illiiiiniiiu .lll<l iniluniii;^' k;.l-.r-. ill lllf rn.ll mil-

l.lilUT.

Il >.|ic)iil<l Ik- ni>l(<l ill. II ilir iA|Krinu'HI- .ire iiiiinlHrril lu lullnw iIiom

niadr l>\ liilliiiKi-'ii. iliii> < '.iiiUTi>n% tir-t is mimUriMl \' .iiui lii> m'miiiIi XI.

h.xpirinttiils V mid 17.

'I'lii- ( III \i -, Iin III ..lidw lllf icsiili, 1)1 ilic lir-.t I wo 1 \|H'riiiunl ^ with

llif lin.il .i|i|i,iiMl I1-- lliiili Wire mil .is iumtIn .is pussiliU' iiii<lrr iilrnlic.il

I oniiiiiciii..; tile lirsi iiiic mi .1 -.iiiiplc ul to.il Iroin tlic M.iiiisliv scmi ,it

T.iiiki i-l>\ . .Hill ilu' MTiiiul on iD.il Iroiii ilic Silksinnr sc.iiii. N'lriii.miDii.

I'JIkI.iiiiI. llic w'.'si's usfil werr llii>riniv;lii\ tlrv .iiiii llir li.illi l(iii|Hr.iliirr

SU'C. Tlif H.iiiisliv (d.il nil .iii.ilvsis iiiiii.iiiiril 1) 4.^' , siilpliiir ,m<l ihi-

Silli^i.iiU' ( ii.il II .'(.'
, , Ixiili III iiiu low >iilpliiir cii.ils.

'I'lii- ciirxt's slmw lllf sirikiiiK siiiiil.iriiv ol ilu- rrsiili» ulii.iiiuil. Moth

i.i.ils ^l.irlnl at .1 liiii|Mr.il iin- s|i^|itl\ idolcr ill. in llic iiiri«iiiiiiK n.is -ii"! •»<

no lime (111 lIu'V rise .iIm>\c llir IcIIIIMTittlirc cl llu' K'ls. MhiIII Iwo llnlirs

aftiT lllf DWKi'ii Ii.kI I'«»ii .idniiilfii lllf di.ils li.til if.'flifil .1 puiiil i«f m.i\i-

imini If iii|M'r.iUirf , .mil Inmi ilurf nil <-.u'li fiir\f .ippmxini.ilfs .1 sir.iinlit

line. .\ iii.ixiimiin ri>f nf I)1S"('. itii i>\\nfii .!« 1 otiip.irfil with iiilmnfn

«.is olii.iii'd ill f\p<iiiiifni \'. .mil nf I) 2")'('. in fxiH-rimfiii \'l. 'I'lii.s

nrf.ilfr ri-i in ilif sfi,.(iil f.isf is proli.ihK lu !« .niniiiiifil lor li\' the fact

thai ill » \pf riiiif lit \ I tin- lo.ii w.is siilijciifil to ,1 slowfr r.itc of llnw of

oxynfii anil K-ss luMt w.is c.irrifil off hy llic tiis. I'lif .ilisorpiion ri'sults

shown ill T.ililf X I l\', 1). 1 4.^, tfml to lif.ir out this niiinion.

Expcriuuut VII.

This iNpf riiiifiii w.isrimoii tlifsa final .is fxprrinifiii \'I .mil uiiilcr

lllf sanif I uiiiliti'iii- with tlif cxifption th.it tin- y.is w.is I'lrsi s,iiuratfil

with w.iifT \.t|ioiir. riif ciirM' I'ii;. 41, p. l.^S, -hows tlif tfinpfraliirc

rfsiilts oliLiiiifil. It w.is foiinti tli.il llu- prcsincf nf ilu moistiire rfiuifrfd

it pr.Klii.iliv iinpossihlf in fst.ihlish tc iii|Mr.itiirf f(|itililiriuiii while tlu-

nitronfii w.is p.Usin^, and aftfr runiiinv; Inr sonie hniirs withnilt >;flliii^; .1

pfrffclK Hiil.iiin tini;ifr.itiirf the .iltfiiipl tn do so was .ili.mdniifd .mil

nxv^;fii w .- iiinifd nii 'I'lif risiills olil.iiiud arf \fr\' fli.ir.u'lirisiic .md

-linw 1 If.irK llu 1 Ifiri of iiinistnif iipnii ilif If iiipc r,ii nrf risi- in nxyvjfii.

(Hviiij; to rfri.iin iMciili.iritii s in the riiimin^ condilions of this ixpfrinifiit

ill. f.iliiil.ilfd ox\).;fn .ilisorplinii ,1- -liown ill 'l.ihlf X l.l\'. p I 1^. is tint

\(i\ riliililf, Iml is i^imii .is ,ii li ,isi shnwiiiv; tlii' nriliT nf lllf .iiiioimts

.1' rhfd I'rniii tin risiilts nf this and nlliiT i-xpf riilif Ills tluii sffins to

lif 111) dniilil that tlif pj'sfiicf of .1 sin. ill .minimi nf iiinistiirf ^;rf,itl\- in-

(Tf.lSfS lllf .li'li\il\ nf lii. .llisnrptinll ri.iilinit .illd ( iiilsfqUflltly lllf liiat

f Miliition.

Tlif tfiiipiT.itnrf ri'siilts of tiusf lim fMniimfiiis on mil.ir loals

show, as would If ' \pffltd. th.it llu miu.i- ! iiiupf r.itin is iiixiTsfly
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|ilii|iii| linll.ll III till I. Ill' lit (low III ^ I. SI) liilli; .!« rll<itli;'ll it tin i .llll'f i'<

Hii|i|ili( il. ami ,1- till' .inii>iiiit-< i>t ow^cii Mi|i|iliril Ui ri- v:i>,iiK in rxicM

III ili.ii iiiiiji'il li'f ,ili-iir|)tiiin. till' ii Mi|irr.iiiiii ilitd nm '•> nlii liiiiil wen-

I

iluTi'lori- of a wry small urilcr. It w.t. ilKr<.'fiirc (iirideij that in tht-

fiilure t'xptriiiuiits iiuaiis must In' ilc\is(il fur ^ixiiij; .in fxn'ciiin^;ly slow

r.itr (if tliiw for tin- ox\>;vn. For this |)iir|K>M- tin- a|)|i,iratus >liown in Fi^. .?8
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(I'.l \v.i> (loiyiK.l by Dr. M;ultU<,>li. It was inscrl.d I.ctwirn tho nw^vn
<\lin(ltr and ilic first absorption bottle of tlic piiril'\ iiiu' train 11, ^i^^ M\t

and consists ol" a Kradnatcd l)()ttif A connected bv a svphon and T-pi.ce
to an open Winchester B. The thir ' arm of the T-piece is connected
through a piiuii coik to a lank oi water arranged to pve a constant head.

W -vti^- ^^a^£^:^m^Mm^w^^^m
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A In-iiasi from the oxx^rcn rylindcr is arraniji'd si> that tlie apparatus

may lie swept out clean with oxyj;eu direct from the c\iiiider.

The tw<i-li're bottle lieiiii; tilled with distilled water, cocks 1 and .S are

closed, and <)\\ L;fn from tile (vlinder allowed to llow into the bottle causing

the water to s\ phon oxer to ilie \\ iTuhe--ter. When sulticienl o\yj;en h;;.s

be< n collected I he c\ liiider \ .i'' e 4 i- clo-ed. the le\el of the water in the

Winchester rai-ed lothesairi' lixel as thai ol the water in the v;radu.ite(l

bottle, and co( k 2 clo-ed. In this wa\' the ox\ ^;in in the t;radnatc<l bottle is

at alniosphericim -sure. 1 lu'ii bx'openiniL; cock5, and reiiitilatini; thellow of

water throntjh cock 1 , an\' desired rate of llow of the ^as can be ol)taine(l.

Experimciil VIII.

The coal Irom the Xormanton Silkstone -cam was aiijain ased for tliis

exporiment which was a diiplicatioti of experinietit \'I I, excepi I. at the

above (lescril i-d apparatus was ii.sed, and it was made soleK' to lind out what

effect a rediKtion iti the mh iiitity of the o\\i;en passint; throui;h the coal

has upon temperature rise. In this experimi'iil the total amount of ox\ i;en

passed was less than ')(>() ex. during the sixteen hours of the experimenl.

whereas in expirinu-nt X'll the ^'as was tlowini; at the rati- of 401) ex.

per hour. The ciirM' V\)i. 42 shows cli'arK' the results obtained. .\ con.-

parison with cur\e lit;. 41 for experiment \'II shows how vjreatly the

temperature ri-e is iclliienced 1 >' the rate of flow of the oxygen.

E.xperimeiil IX.

This exjieriment was the sami' as experiiuent \'III. except that drx'

jjas was used. It was. therefore, a duplication of experimenl \ I iisinu

the improM'd oxx^ren control. The temperature risi- is shown in cui

Fitr. 4.S. By comparison with the pre\ ious curves it may be noted th.it the

rise obtained is jjjreaier than that obtained for -ither dry or saturated l;,is

with a hijih velocity flow, but not so great as that show ti in exptriment \'III

with a satitrated gas and the same veIocit\- flow.

These last four e\ 'eriments show clearly two things:

—

(1) That, as would be expected, the rise in temperature with oxygen

is flependent upon and varies inversely as the rate of flow of the gas so long

as the supply suttices for oxidation.

(2) That the presence of a small amount of moisture materially

increases the evolution of heat due to the absorption of oxygen by the coal.

Moreover, the coal being very low in sulphur (()• 26*",'
) the experiments

show' that the moisture does not play its part solely by oxidation of pyriie

or other sulphur compounds i)resent, but is a direct aid to the absorption

of the oxvgen bv' the coal itself and the consecpient production of heat.

'See conclusion .*. \i. 146.

-j^-^m^:a^^



!40

l-'.xpcrhni 111 \,

! he cimI ii-rd lur llii> cxpcrim.nl
. and h.r llic ciif f.illow in;,' wa-. frniii

the <'a.u. I'il scam of the Acadia Ccal (..iiip.:ii\ . >! .llaiK ,ii. \i.\a Scotia.

s r
j?a«aO*j.w33 ^^ViJ-o.-^a

The cxpcriineni was run with dry gas and as nearly as possible under
the same condiiions as the previous ones. The temperature rise with oxygen

-'m^ms'-i^^mmm^^'^mmm'^^summ^m
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is sho\\ • r\o I-ij;. 44. 'I'lic tol.il .if.imiiil i<\ l>\\^^^\\ i).i>-iil during'

the <\|i i nt v.as 1(» ili.m lOIMi ex. i>\cr a pcri'id nl v'\\ih\ lioiirs. 'I'lic

liatli MirroiiMdinj; llic coal cont.iiiu r an<l tlurclurc tin- cnal ilscli \\,i> inaiii-

!

P-

j

"5^ c

J3t) t^^vjcao.

taiiu'<l tliroughoul tlu' oxiKMiimiit at a icmpcraluro of ()-6°{". alinvc that

of the incoming gas and a maxinuim ti'mperauiru rijc of ()•()'(". was ob-

tained wlicn oxygon was [lassi'i
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Experiment XL

Thi>, ,lu- la>i .xiK-ririuiH «a> run ,.„ ih,. .an,,' c„al as ..xpcrii.unt
A. an.l iin.l.r i.l.niiral .un,liii„„> will, ihr .x,,.piiun ihat saturau.l uas

X

•a

was used. As in tlu" [iruvious "wet tests'
obtain temperature c<iuiiihriuiii wliile the nitn

no sen :s attempt was made to

iRtn passed, l)ut as soon as

Sw wm^j^i^^s^»mu
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.1 l.iirK' i()ii>i.iiu I oinliiiiiii \\,i-. (ilii.iiiiid the oxvmii w.is lunud 111

int

curve lij;. 45 sliuw-, ilic n>nlis (ilit.iiiud. ( 'iini|..iriM)ii willi tlic i.ur\e

tor cxiMTimcnt l.\ >hi)\v> ili.ii iliof n>i!ll> aiv mt\ >iniil.ir to iliusi> i>\>-
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tained witli tlif ICnylisli CDal. In this (xporinuiu the niaxiimini tem()eratiirc

rib.e for the ei^ht hours with ()x\>;en is 1 1°^. an increase of 0()°(". above
that obtained with (h\ kj»-
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Aimllitr pi.iiil d iiiirn-t lir.M;i.li oul \>\ a- s.irioii^ iiirvcN i-> ill. it

wluii oxyutii i- adinilltd isiii in ' r\ mii.iII (|ti.iiitili»> the Icmpir.illiri'

IciuU lirsl to drop -.li^;lllly and then i.> n-v a|p<>\c llic -.lartiin; point. Morc-
()\rr as mmhi .i> tlif «i\\i;tii in din ' (oni.ul willi the coal lias all lieffl

.iliMirlifd till' t(in|uratnrc liiyiiis inHntdialiK to drop a^;aiii and will not
r\-r unlil soinrliinc .iliir niorf oxymii lia^ lucn applii'd.

J'lic Call III, ili<l Ki'sutls.

riif ii-iill- ojil.iiiKil iK.m ihf ili~(irpli(iii train Im all cuaN .irr >liu\\ii

in I'.iMr XI l\,p. 1 t,v A -indv (.1 ilii- i.iMr di Mrl\ hiiiii;^ lorili tin- fail

that the rale nl ,drM,iplion li\ tlir roals i ApiriTnintid with dipiiids

tipon tlif prist IK ( ,,f sonir iiioisturr, and is iiitliuniid l>y tlif r.itf

at wliiiji o\\j;ni pa--i> liirc)iii;ii it.

Thai llir lir-l (uiidiiion linlds is sliowii li\ coinpariiii; tlif rrsiilts '«f

ixpt rininit \'ll| uiili I X , and i \prriiiiiiit XI with X. In liotli of tlu'Si'

pairs of ixpiriinints we fnid liial tin- out in wliiili saliiratid tias has lui'ii

llsfd has shown, liy (|nilr an aniniiil
, an im rrasr in tin- alisorptioii of oxy^rn

li\ ihr foal in spilr nl ihf i.ivy ihal in i-.iih lasr thf passing; of j^as has lii-cii

ronlimifd for an a|)prr( ialil> hiiiuir liiiii' in tlir ilr\ than in thr wet
foiidiliun. It will, liowiM r. I ! show n l.ilir ihat thisr i\pirinutits iinist

nol lif inli rpri li d a- --liowin^ lliat "wit" loal oxidi/fs fa:-trr than "dry."
lor rvidnur ol ihr siiond -tatrnunt Irt its roiisidir ix|)frinuiits \'I

and IX. 1 h Tf wf h.i\f thi' sanu' lo.il siilijiitrd to as iiiarU- as possible

llu' s.mir londilioiis, rsripl a ihaiii;!' in ihr rale of llow of oxyKi'H, ,ind \Vf

IiikI lli.il in IX with a low \iloi iiy of llow omt a piriod of U hours tlu' ;ib-

sorplion has ainounlrd to .^ •()<> vx. pi-r j^r.minu- of co.il, whilo in \'l with a
fairly liii;li llow tlii' ahsorplion for U\ hours i- appniiahh liss, hiini; onl\

,V5.>c.i' prr liranitni' of loal.' 'Ihf sanio ristilt isf\iii nion .ipparint if we
fonip.irf fxpfrinunts \|| ,md \"11I, Imi ,i> nuntioiuil luforf llurc

WfTf firtain ditlii iilliis iiifonntf rid in \ll whiili niakf it sopuwhal
'• ililf. Tiif (lilTfrfiiff hiTf, howf\fr, i> >o i;riat iha.i v\fii allowint; for

' L- fiicjis il Would .ippf.n- ill, It the s.iu'.f dfdiiflion could hi- iiiadf as

wn li\ fxpfiiiuinis \'l and IX.

finiiii'-y of Coiniiisioiis.

It is of foursf will undiTstood that no t;finral i onchisions tan na^on-
al)K l)f drawn troni so liuiitid a nimiljir of ixpfrinunts. hut on thf other

hand it is thouKhl that thf ixpiriniciUs show ifrt.iin foiidiiioii> which appfar
to tjoxfrn. to a ffrlain fxlcnt. at Ifast , tin- alisorplion of ox\i;fn 1)% coal and
thf consfiiufiit production of heal . ThiM' arc si- 1 forth liflow : -

1. Oxid.ition ilfpinds larjjfly upon thf prcscncf of moisture. With
.ilisolutfK dry ^'as and almost .iltsohiteK- dr\ coat some oxidation does

-Ml, Ctiiirri.ii i> qiijli- tiulit ill st.iliiiii that lii< 4-X]RTinicn,s api.art'iiltv ^-iipijuit this scroml di-durtioii.
anil Ihi-li- 1- lie, .lutil.l \vli.ii<,..-v,T tliat an .-x. .• s-iivr n\yui-n .«ll|ii.lv. as |i.jiati-.l nut i-l-.whi-n-. Ijv ki>.-|,iiit ,l.,wn
temiifratai.- ilci.- aLluall.v_kii-p il"wii oxi.latUiii. It i--. himcver. ol«il ti> (|ii<-.>^ticm that tin very small il.-i-rfaKC
1(1 w-u;j..-[ .1.. 1...! 1.. \!. (......,....., r-M:: lit;:: fr-i::i :r:r fxri s^ ..: ^.sv^i-.'. ::; ills . .u:,. r i xp. I.i.i. at^. i.niM
llavf hail fvi-ii the small Hliit nn the rate of nxiilatiiin whkh his exiiiriiiiints wiiulil si-i-m In show.
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l.iki' |il.i(c. Inn it i- ili.it thai iii'iivlun L;ri.ill\ f.ii ilil.ilrs ilu- trailimi.

']'<«• iMiii li Tiiiii^liitr will iiiiilnul'li ilK . liiiwiAir. Iiiniltr tin- oxiijaliipii ,iiit|

( 1 111")
(

I IK III |>!iiilii( !i;in III III at . .111(1 it II III'- 1 lie liiailc ijiiiU' ( Itar lli.it tintliiti);

ill tin r\|K tiiiii Ills ^iH> til iiiilii .III' tli.it "wit" ni.il n\iili/is nmrr r.ipiilK

til. Ill "ilrv" ii-iiiv: tli'-c 111 Ml- ill ilir iitiliii.irv i nitniiirii.il mum-. 'I'lir wit

ti-sts jii-i i.iliiil.iicil will ti.illy "ili\" ill till- -iiisf tli.il tile umI li.nl lucii

(liii'il III .iliiiM' till' liiiilini: |iiiiiit, .iml tin .>iil\ iimisi urc ailiiiillt>i w.is that

|>I .lir -.lllll.ilril li\ Ii.i-.-illv; lllliilli;ll w.itir, rilr tnl il .ilili'iMii <if liiuistun

w.is t 111 ri Inn- ,11 tiialK iiiiii li liiwtr tli.iii in .iti\ iiiilii--iri,il ilrv i nil -ii)r.ij;»-.

On till' nlliir li.iinl ll.c i \ i's|> a- rinnliiitiil ilmvi iiixiiKc an almost

.ilisiiliiif i\tliisiiin III iiiiii»ti..i .1 iiiiiiliiiiiii (|iiiii' iiiiiiiissjlilc t\ii|)i ill .m

il.iliiif.itf l.ilinr.itiiiA i\|ntiiiuiit .

1. I lie .ilisiitptiim 111 i>\\ytii liy tlif in.il .mil tlif ii)nMi|Urli1 pro-

diii'tiiin lit lif.it is .tpp.irciitlv ilrpi iiiliiit iijun. .iiul tn .i rcrl.iiii I'xtoiit pro-

piirliim.il til tlif r.itf of lluw i>\ the nxiili/iiit.; ^.is, ia'.. tiMi iiiiicli ii\yn<ii or

air, as well .is tuu liltif, rliiikiin; llir ,i(tii>ii.

.?. Ni) tx,ut infiiriiMiiini is iilit,iiii,ilili> as to how niiirli of the oxygon,

if .my. Weill iiilo iniiiliin.itiuii willi llir siilplmr ol llic lo.il, Init tlir s.miples

are .ill low ill siilplmr .iml No. 2 p.irtii iil.irly h.is \er\ liitlr of this impurity,

ami (.ilcul.itiiiii will show ih.il i\iti if all of tlir sulphur in llu- s.miplcs had

bri'ii o\iili/i(l. which is of loursi' an (•noriiioiish i'\.iv!>;irali'il assiimpiioii'

—

the alisi.iptioii of o.vy^en oiiild not li.i\r lurii acroimli'i' for. In \ iew of

the Work (lone li\ other e.xperiiiiellters on this siiliject il is prolialile th.it even

ill the "wet" tests, the oxyKeti was iiiaiiiK alisorliei! li\' the resins .ind humus
bodies which .ire know n to form .m .ippreci.ihle p.irt of the coals in question.

In conclusion it iii.iy lie s.iid tli.it the e.vperimclits .ire hut a small

part of wh.it w'l h.ise to lie done before the whole matter is doarctl up.

Much inti resting work is yet to be done on pyritic cojils and pyritc, with a

\iew to hndinK out the true effirt .if this substance in the oxid.ition of

such co.ils. and simil.irly pure hydrii irboiis. rcsiiis. etc.. as cont.iiiicd in coal

and allied subst.iiices such as peat, etc.. will have to be studied. It is hoped,

however, ill, It the above riport will pro\e of some \,iliie,not only through

its actii.il resii'' f ixperimeiit, but also thnniKh iis descriiition of .ipp.ir-

.Ulls ,md ll'.rth

Parr and rrancis- exitirinunted on the .ibsorpiion of oxyiien by co.il

at still higher temper, itures lli,iii those employed by I'orler and Cimeron.

The ,ippar,itiis used by them is shown in lii;. 4().

It lonsislsiif two iiiwiTs miod wiili siiiiil piitassiiini luilriixiilf, iinii ilinv \v.i>li Ih.iiIus

p,irti.i!l\ filUil wiili .1 50 prr iint pnlassiuiii hvilnixidc siiliiiion. Tli.it lliis soluUDn ihor-

oiijitily riiiiiivt'l .uiv ir.irts of i .irlinii dioxiili' which m.iy have hci'ii contaiiu'd in the ox\gi'n,

was ]>ni\cd by means of solmions of liariiini hydroxide in ihe iwo small tusks I!' and H".

A roiniil l.MHI ir Jena l! '< I', ser\ed as a lieatinj; ihamher, a nickel calr.ri meter ra|)sule,

C, for holding the mitiri,.! i.i l/O tested was firniK fixed in a liMip of heavy iron wire ,ind

suspended in the flask. 'I'wo therr>ometers were used, one T. to indii-.ite the uiiiper.iuire

' sre np, 4J-4,l antp
• Univ. of Illinois. l-Ins l;.xi>t. Sta. Lull. M. loott.
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i.f ill. t,i» iiiw ^ctii,
, Mill ill'' ••ilur 1 HI- 111 I ^1 ! Ill I 111 . .mI »i! Ii ill.' . .i|i-iilr riu-

(All II1I.1 Ir.j lllf
I

Ill, I, illl,, ,1 I,, I ml,., It. , ,,lll,lilllt:^ 1 lri-lll\ |,ll|i,llr,| >',lllll,,|l ..f

li.iniini li\ ill', Mil,

\',rill.ill\ it will, I Ik r\|,i.li,l ill. 11 ill,' l,iii|n Ml nil ,if ill,' ^11 lii,|ili^ ^.i» ui.i]l,|

lie >lii;liil\ lii,,li, r ill. in lli.ii ,| tin- in.il, ill,' I,.-. Iis , , iin r, I i,iii .mil |i,«,r 1 'Hiilii, 1 1\ 11 v

\'< illw; ~ll'.«ll l.\ .1 Hli>;lilK l.iwii li.i,lliik; .'f lli,' I Ilil 111, ,i'ii li I' , llll,.-,|, lr,| in 1 lir r,i,il |i j-,

I w'Iriii linn f'lii , ill. 1 1 .inv ri I itiw li-i in ii'ii!|H'r.ii mi. .i^ -.li, ,« n l,\ lit, 1 Ini iiu.iiiri, 1 I ',

Ml '111, I In- ,|in' till liinii, .il .11 li\ ii\ « it Inn I hi- r.i|i>.iil«'.

XYGEN

I'll., til. I l\i, ^;rii .ib-^iriil inn .i|i|i.ii.ilu-

'" /'iff ,1,1,1 I rtn, I )

( l|ii'r.iii,iii. riic iiii'ili,,i| ,il ii|i,'i.iii,,ii w.i- .1- I, ,||,iw-.: I'h,! yr.iiii-^ ,if 1 ii.il wrri' pl.n iil

in till' nil ki'l r.ip^iili' .mil tlir ,i|i|i.ir,>lii'< .iiliii-lril .i> ilr^, 1 ilii il. I )\\ '^lu «,i> iliin iiilniillcd

at llir i.ili- of ,iii|ir,i.\iiii,ilrK 1,^11 I'lilililr* |HT iiiiiiiilr. Ilir ll.i-k, I . w.i> unil, ,riiil> lir.ili-il

wi'h .1 iiin^t.in.h' iiiuxiiin liiiii-, n ll.iiiu' ,in<l rr.iiliiin- ,,l |,i,ili 1 liiriiiiniM • r^ wirr rii'iriji'd

CM niiniitr. 'I'lic tir-t .ippi'.ir.imc iif c.irlion ilinxidi- «.i-, iinlrd in ilir ir^l v,liil',in. It.

|'!ii-% ii'^i nil,, '.i.i> 1 li.iiim'd with MilTniciil frciiticiti-\ ti> indir.itu whcilur nr n,,i the

I'vi'liitiiin 1,1 i.iiii'.i! ,li,i\idi' «.i~ 1 ,intii.ii'iii>.

rlic ti
1

1 11 1
' lire-- -liiiwii li\ I ln'M' iwii llicrii' niiclirs wire plutli il. .itnl

sonic of llr , iir-.i - (>|)i lied .iH' rcprixluci'il lii!'>\\ troiii llic iLipcr li\ I'.irr

.liul I IMIU I-. he ^
"'' I'lll^ line ill I'.kIi ^llllW-^ lilt' l('1ll|H'l',llLIIf 111' lln' '^.IS,

while the do' ,(l liii «> ll U'mprr.itiirr uf I he (u.il in (lie c .ipNiilc. In

most ca-^es ill. i' \\,i ^linlil iMiliitioii ol cirlion (iiovidi- at aliotil ^0",

Init tlii- cc.ix'd iiiij iJid ?^f>t U-t;iii .ii;.iii) until .iliuin 12,^^. This lirsi (.irliun

dioxide i- iiileri, I

in ch.iriii.^ this \

tained: -

Moistlirs'

Ash

Vol. ;1 ill' inai II 1

Fixeil carliim

Sulplmr

hei'li 'ill . !v ,)eilllded t;,is. For coiuenieiici;

I his cmI for l-igs. 47, -iS, and 5' con-

,
6'5,^ ;i r cent.

. 7- 7(1

.?,? • .S6

51-,s.=; "

, 2 10

K.l£
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Vhf rt.,il u>.<(! ill 1 in. »7 \v.i> .i ^aiiiplt <•! W ni.iiiis,.ii ..iintv. Illiiioi-.

('.irtcrsillf 'oal in a tiiulv |nil\iriA«l torin. Ai tin puii i imli. ,it. .1 l.\

tlu- lir»l I ro-.^ ixi or IJ.S'. ilicn- w.i^ .1 jusiiivc .ii>|u .ir.ii <! i>| . ail'on ilii>\i(lf,

wliit h ti.nliimitl imlil a liin|nr.inirc i.l 155 ' w.is n ,u lud. svluii ilii i li. urn il

.iiii\it> ho.itnc -11 v;riMi .in |.> (aiisr .1 mm Ii iiioK' |insiii\i ivnliiliim i>l

(.irlinii .li«)\i.l.' ,imt .1 \«rv ra|)i«l ri-f ..I ili.' ilu iin..ii!. t. r 1' Ai IhU'

as r«pr< Miiu.l l.\ llu .l«lt,i, iIk- <<..i1 sliuwi'.l tin- |.ri<.,iiic ut lirr .iiid tin r-

mi.mciir ulisi r\ .iiiuii- riniM 1 iintr !)»• l.iktii.

li^;. JM «lli>\\s .1 nptlilinii of tlu- alKtVr If^l iMipl ill, It llu ru.il ll-<ii

was l.uikwlual si/, CariH.ii .lioxiilf tirsi ap •,ir»il al 11-' ami lli. iih.I''

inpioiis .vnliiiioii siarl.-.l at 117". Tliis lapii. csoliiiixii <uniinm<l <>\ir a

nuuli lonurr spa<i' ami a ml «!">« was m.l \isiMf in the c .al iiiilil ilif I. ni-

pt raiiiri' was 25M°. This sIkiws* thai oxiil.iiiun priH t itls mm li tm.rc rapiiHv

ttiili timi'. iliviiltil <<)al itiaii with lin' • lual,

I i>;. 4') nprtMiiis a similar lAi" 1 imnit on a saiiiplf of Tavlorvillr,

llliiioi , ( oal in tin- (H.wdiTi'd c mdiiioii. Tlu' aiMMaramc of carlion dioMili-

\sa- lirsi dtlirlcil at a tfnilKraliirc of 15.^ C and al tin- sanir poini ilu- two

ciirvis (TOSS, At a ttni •'"atiiri- <>f 157' I tlic coal w is on d,.'. In this

ixptrinu'nt no rarlion d; • kU- was cvoKid at tlu' lower unipir iiiiris, IJO'

tolMl^'asin ttu' cast- of till- 01 lur coals lAamiiu'd. Ilic kindliiiR iimpirainrf

is practically the same as that at which oxidation hcnins, as jiid^jcd l.\ the

evolution of carlion dioxidi-.

liji. 5(1 represents a similar oxperiineiit tii which powdered I'iitsliiirnh

H.is coal was n-ed. The finure shows that the temiuratiire at which tire

appiared was slinhtly hisher than with the pow<lered hituminmis coal of

l-ii;. 47. "This sn^Kcsls that the oxiilation ot hydrogen may also have a

part in the chemical reactions involved as beinn perhaps, more readily avail-

able in coals of the strictly liitiiniinoiis type."

.\ nmnlier of tests were als<i made, usin^ air instead of oxynen. >ne set

of results is reiirodiice.l (Fiu. •'^l)- T'lcy ^ire for the sam sil .is wa , lised

in the experiments whose resnlts are niven in li^s. 47 a. .8. It wilt 1 i'

seen that the results are not essentially different ituni th< .ihtaiiied when

oxygen w.is used. .\s would lie expected, tl.v' .Hti.;;>- of the oxidation is

decreased so that the appearance of carlion dioxi'' was a< 1.V5° insttad of at

or .ilioui 12(1". The voluminous ap;'.Mi ince of ( • '. .aul ilie crossing ol the

lines occur .It 165° instead of lietwc ' W° ami 1.50". At about 200° the

external heat was withdrawn for a few minutes, the oxidation temperature

dropped back in a similar manner. At 2X0°, however, the action had

become entirely independeiu of external heating.

Apparently we have here an example of a type of combustion which

occurs at .1 temiierature far below the i^jnition point, .ui<' -till is self-sup-

portiiiK and would be toniinuous with an ade(|uate air supply.

imsswim^Mm:j \-^'^'^ ^r2::^^'-:>M'-^^JXiiM!£as£^f]^m,::m!m^mm.
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Fin. 47. Absorption of oxygen by powdered Cc



-I r50 3««. 5»R ?ft .TO .7?

wdercd Cartcrvillc coal in atmosphere of oxygen (8).
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at size Carterville coal in atmosphere of oxygen(9).
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CHAPTER VI.

THK I'Ki:\l..\TI()N ()|-
I lUi. IN SIORll) ((VXI..

ilu' priNciil iciii ol (ire anil <\ III of M'rii>ii> iliirriDiMliim ul i n.il in ^lur.iyc

is .1 malt IT (if >ii(li i;rc,U uraclical impnrl.iiuc lli.il ii li.is ciinaucil llir >rriiin~

attention liolli of ( io\ I rnnMnl> .ii-.d priv.ilc iniliv iilii.il> for in,ni\ \t.ir-..

It is ni'C(--.ir\- to ~,torr \cr\- lari;r (|uaiuilii> of furl at all of the luon

iniportanl na\,il ii.i^i-. .mil at .ill iiuhistri.il ctiil ii -, .mil ordin.iiiK llu~c

storo art' in the form of piles of con-.iileraMe heij^li! .mil of Lni^e eMenI
c<ini])letely exposi'd to tin weather; but it has Ion); lucii known lli.il (he

majority of eoak cannot >.ifeK- he m) stored in tropic.il clim.ite^. .mil tli.il

main coals .ire ims.ift' in Liri^'e pile> vwn in lemper.ile l.miN.

The pr.iclic.il met hod of meeliiii; the dirticiilu , mi far .1^ liopicil ^tort>

are concerned, h. is been tonse aiitiiracite co.ils oiiK , or when lhi> li.is lieen

impo>silile, lol'inil the --i/e and p.irlicnlarK' the depth of tlie >liir,it;e pile>.

and to sh(i\tl the pile o\ir, or otherwise xcnlil.ite and 100] it whenevir

heating lieyins. I-.ither of the--e expedients m.ikes the lo.il \ery cost K, and
it has often been pointed out that an>' coal could be safely stored underwater,

cither in Iari;e tanks and \\aler-ti.i;ht bin> or actiialK' below sea-Ieeel in

(locks proiii rly coiwtnictid in cont.iin tile coal, and pro\iiled with the

necessary lillinj; and dredyini; appli.inces.

Siibnicn^rd Stora^^e.

The Brili>h Admir.illy i> mon' deepK' c(incerned lli.m .iii\ other sinijle

body in the inalttT of tmpic.il >tor,ii;e, and it li.is .icciiiiiiil.iled ,1 yreat

mass of detailed inlormation on the >iibje( 1. Mikli of thi^ infornuition is

necessarily confidential, but in general it iiia\ bi' said that in all cases siib-

niariiH' storage lias been found to be itTective in preventinj; decom|)osition

and of course fire, but that the cost of the necessary ei|in|)nienl ,iiid the

adtlilional exjienses in handliiit; the coal are \(r\- coii>iiler,ilile, .uldeil to

which there .ire dilTiciilties in many places from the cont.imination <if tlie

coal ii\' silt, siwaRC, etc., cont.iined in the water. It nui>l .iImi bo remem-

bered tli.it the risk of hre is not confined to the co.ilim; ^i.iiion; the co.il

ordin.iriK- li.is to be sent out in carj;o sliijis and Liter is blinkered in the >hips

that use it, aiid as submeri;ence under these conditions is not |)ractical>le

it is unsafe to attenii)t to use coals which heat, (|iiite irrespective of the

method of storage employed ,it the >t,uion. The general pr.ictice of the

Admiralty is, therefore, ti. send out to tropical stations only such co.ils as

have been proved to stand shipment and storage with a reasonalile de^'ree

of safety, and to this end the various available coals have been carefully

studied.
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In tnore ti-mpcratc climates a nuich wider niiini' of coals can be safely

stored, hiil for industrial piirposis eiononu- of handling is of j^reat im-

port.iiue. therefore the |)iles are made as hinli as possilili- to li'sseii the hrst

cost of the storage yards and rheaiM'n handlin;;. The result is that lieatiny;

is common and fires not infre(|iient, and \arioiis de\ices have been tried such

as siilimersed bins, vititilalion channels throuj;li the coal, etc.

l»00O

l<H>00

13 000

TIME OF EXPOSURE—tVIONTHS
( )iH(i(i()r exposure.

—Ai X3°t(> \2ifV. dry.

Heilrttun fmm I'drr <in'l \i lufler.)

• At .S5° to 1?()°F wetteil iiflen.

Stil)iiH'rge<! at 7()"K.

Fig. ^2. Calorific power of exposed vs. submerged coal.

Some tests made by the British Admiralty' to determine the

weathering losses of coal stored in the air and of c(»al siibmerj;e(l mider water

have been made iniblic. In Ma\-, 1 90.?, tweiit \ -one tons of coal were selected

from storage piU's. Ten tt>iw were ^);i<-ke!! Ir, ht':\\^-. and covered with tar-

'Kng. News, Vol. S(t, \')tx>. p. 17.
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pauliii^ aiiil tell Ions wcri' placcil in twu-ton i rates anil suhincrKril in one

of ilif na\\ \ar(l hasins at I'oiisnioiiili. Tlu' remaining ion was lnirnrd

curifiilly iniilir a ti'sl l«>ilfr, ohsirx alions Ixin^; in.ulc of its lalorilic and
cvaporalivf (|Ualitii's. Tlu' cr.iUs wire lakiii np al inliTvals and I lie coal

was U'sti'd l)y I)iirninn in coniparisor- with ilii' lo.il storfcl o'- dr\ land for

tin- sanif k'nnili of time. Tlu' actual fiKurcs an- not availal>lc, liul it is

reported that in e\ery case tiie results were in f.ixoiir of tlii' siil)nier>;ed coal.

A test made 1)\' tlic Fuel laigineerin;; Co.' of t'hicauo on coal stored

iin<k-r water for two years, an<l similar coal exoosi'd to tiie atmos|)liere for

two Ni'ars, showed calorific values as f';llo\vs: -

Sulimerged coal 11,W7 H.Th.C., weathered coal 11,71.S n.Tli.r., or ,i

differeiici' of about 1-'^ per cent. Since both samples coiit, lined 15-*J \k-t

cent of ash the two results are directK comparable.

f'arr and Wheeler- refer to the storage of coal b\- the Western I'.lectric

Compaiu', whose 15, ()()() ton concrete bins contain coal which is kv\n alto-

gether subnierj;cd. This coal shf)Ws an advaiita^i' of 1 •') per leiit in heating;

value in favour of the coal stored under water, after a peri(Kl of lwo>ears.

The saiue authors had previously^ |)ublished some curves from Hamilton's

experiments Fij;. 52 - showing; that coal stored under water for almost

one >i'ar sulTered no appreciable alteration.

In spit of ampli' evidence that sul)nurj;ence either in fresh or sea

water not ( i)rotects coal from i\rv, but also retains its full heatinjj powir
indefitiitily, practical difliculties h.i\e thus far pre\enti(l an\- extended

commercial use of this system, and it is doubtful whether it will ever be

employed ver>- lar^jely for ordinary coals except perhaijs at tropi<al naval

bases; but there is undoubtedly a larj;e tield for this inetlKxl of storage in

the case of lignites and lignitic coals, which not only heat readily, but also

disintegrate and lose a very a])preciable fraction of their value on weathering.

Such coals can be ke|)t virtually intact under water, and it is probable

that in the course of time it w ill be found comniercialK' expedient to provide

submer^'ed stores at places where stich coals can be produced or sold at

nnich lowtr [irices than more st.ible fuel. There are immense (luatitities of

li^'nitic coal in man\- parts of the world— for example in .Alberta and
Saskatchiwan in central Canada; and although they h.ive lower calorific

\alue than iMtiiniinous coal, their geographical sittiation renders tiiem

the logical fiU'l for large areas. As a matter of fact these coals are already

much used at points where a fresh .uid reli.ible suiiply can be secured.

By suitable system of storage their use could be very greatly extended, an<l

arrangements to this iiid will no doubt be made comparatively soon, unless

in tile meanwhile some iheaper melii()(l of preservation is developed,

or we comi' to burning coal at the miius and ir.insmilting its heat and power

clectricMlh or otherwise.

: Tin- WiiUliiTiTiK of loiil." Hull. tx. rniviTsitj- of Illinois Exiicrinient Station. I'lm.
3 TtiL' Dttt-Tioration of Ciiiil. Journal .\nicriean Chemical Society, Vol. X.X.X. I'VOM, pp. 1U27-J3.
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Ordinary Slord'^r.

M;iii\ .iiillidrilics riioinmciKl .l^ .iti iillrriialivc In Milinicrnciur 1I..U

tlu- cii.il III' >l<>rtil ill >lu-(l> .iHunliii^' iirnticlioii from buili sim anil r.iin.

It is 1>\ no miiuis clrar tli.il r u i> li.irnifiil (mc |). 27), alllioiiKl) lluTf is a

widespread U'licf liiat ii pic i ipiiaics heating. l>iil liicrc i> no doiilit iliat

exposure to tlii' siiti is (lanmroiis at liMsl wiiile the pile i^ Ixin^; made, as

coal, owinn to its lil.ickniss, ,iliM>rlis heat r.ipidU, and if ii
•'. linn i oviTeil

l)\- a fresh la\er of co.d ihi-. heal is retainiil .mil i,'re.itl\ ai <( lif.iie> -.ul)-

se(iiienl oxid.iiioi. When liu- (iiianiiliis to l>e stored .ire comp.ir.ulvcly

small or llie loiulilion^ p.irlictil.irK' sivere thi> expedient of storing; under

eo\'er is \vorlh\' of I'onsider.ilion ; lint when the (|ii.iniitii'^ are l.irjie the cost

of the sheds liecnmes ,1 serious item, .md there is iisiialK .il>o ,1 con-.ider.il ile

incre.ise in the ii.indlinj; expiiiM-, owinj; to ihi incre.i>ed coniplexil\ of the

lo.idini; and unlo.idini,; .irr.m^ements. It i> therefore very iinu>iial to ha\e

lart,'e covered stor.i^'e |)Kinls except perhaps .it certain tropic. il n.i\ al si.itiotis

where co>t is of >ccond.ir\ importance. '' should, however. In' notid in

this connexion th.it enclosi'd storage e\cn 011 a fairK l.ir^;e scale is fre(|iiently

practised for re.isons ha\inn little or nothing !.• do with oxidation and

heating. It is (|iiite ctistomary to have loading hiiis of l.ir.uc c.ipacitv' al

railway and steamship coaling stations; hut these are to enable supplies

of fuel to lie (|tiickly loadi'd l)\- gravity, and under ordinarv' conditions no

one lot of co.d rem. litis long inoiigh in such sioragi' to run risk of heating.

In cold aii<l wet loc.ililics it is also occasionallv i-xpedicnl to house

coal su|>iilies, as otherwise ihe fuel would freeze into a solid mass of mixed

coal and ice.

When submerged storage is impractic.ihle and the coal is itiled either

in slu'ds or in the open it is clear that the air cannot he excluded ami heating

is liable to occur. Provision must then be maili' for conducting the heat

generated avv.iy from the pile. This can be done in two ways, hrst, by i)iling

the coal in sIkiHow hea])s, or second, bv' ventilating the coal i)ile. It has

been found bv practici! experience that >h,illow co.il piles will not ignite

spontaneouslv'. the particular height to which any (oal can be safely

piled can, however, onh be delermined exp.rimeiUallv . The same result

can be obtained in deei)er piles by providin,; air ducts whereby the coal is

so well \entilated that the supply of air is so greatly in excess of that needed

for oxidation that the incoming air will keep the i>i!e co')l.

A nietlKKl of storing coal and ventilating it has been developed bv the

Canadian Pacific Railway' wherebv- fires ha\i- been virtuallv- eliminated.

The method in general is: hrst to level off a triangul.ir piece of ground so

that temporarv- tracks iray be laid upon it and a steam shovi'l usi'd if desired.

A track is then laid in ai.d liopperdiottom coal cars unloaded on this trick,

which IS then raised on the coal and the ojieralion repeated until an em-

bankment of considerable height is made, with an inclinwl track from

the apex of the triangle 10 the m.iiii lin(>. When .-! fticient height is reached,

'See plates I. II. VI. and ip- l-'y-lW.
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thf «Kil i.t Nidf (ltiiii|M'(l or -.Hlr slmvillrd ami t\\v lr.uk i> Kr.uliially •.liiflid

to >>iu- sitlc and the uidlli of (lie pile ilms iin rtasiil to any desired ixtrtil.

I 111- liiinlit ol ilu' pile oil the afiproaili iiunasi s Iroiii notliiiiK lo alxjiit

16 feel, and tliis latter heinlit i<. niaiiitaiiied for the major |x.riion of 'he
pile.

As vMiii as |)ossil(le after eacli portion of the pile reaehes its full lieiKlit

it is venlilateil liy driving' pointed iron hhIs, ! J'or 2' in diameter, vertically

down throiiKh it. After the pkI reat lies the bottom a lKll-shaiH«l <r)llar

is slipiH'd o\er it and forced down altoiit six inches into the coal, as shown
in I-i^. .S,?, p. l.S,?. The nxl is then lapped to oinpait the coal around it

and to l<M>sen the r(«l itself an<l hotli (oll.ir anil hkI are wilh<lr,i\Mi. .\

ronnh funni-l of tar pa|Hr is tlun put in the l)ell-sha|H.l lop of the hole to

prevent ()ieces of coal fallinn in or lieinn washed in liy the r.iin. The walls

Kk.. .V5. .\p|),ir.ilii>i lilt villi ildlitiK nliir.iKc pili-^.

of the lower part of the hole maintain theniselves without protec." and
holes driven in this way ordinariK- last for many months. The (nstaiKc
between the holes varies somewhat with the circumstances; hut Renerallj'

it is about 16" from centre to centre, and the cost, which is almost wholly
labour, amounts to aiiiiro.ximately 5c. |H'r ton.

Another methiwl, which is frequently effective, and in cert.iin cases

economically iiossible, is to pile the coal in layers of about 2 feet, allowing;

each la\er lo be exposed to the air for at least two days, and if possible

much lonjier. lu'fore it is co\cred by the next layer. This meilKHl is usu.ilK-

effective in pre\inting tire, if tile iiililiK is done in cool weather, but i" mid-
summer, particularly in hot and sunny weather, it

'- of doubtfi. ..e to

say the least. Porter and de Hart have e.xperimc . nx this pi.jthod of

storage, see pp. 1.S4-159.

In orfler to obtain detailed information on deep storage piles a series

of experiments were made by the author and his assistants, Messrs. Hrimton
and de Hart, on Nova Scotia coals from the Dominion Coal Company,
these coals being silected because tiiey form the m.iin i)art of the ordinary

fuel supply of eastern Canada. These tests were carried out under two
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lit.ul^: ill ic. Hiii.lv ilir ^h.r.iK'' "t •n-'li lo.il ,ii ili< iiiim-, .mil (Ji

I.. siii(|\ ll\r Ixli.ivi.uir ..I io.ll which li.id Iwtii >hi|.|>«<l in .iru" I"''' '"

Miiiiirt.il .in<l •.inriil ihtrc.

/ ortir anil <lr Hiirt fxpirimfnt'^. CtliU>' M<iy.

I'hi r\|«rimrni^ .11 i h. iiii- - \m r< in. id. .ii t.i.iti h.i\ .
\ii\ .i s, ,,ii,i,

ill the .imiiiur C.I I'Mt. I.\ Mr. J. I». .1. Iliri wcrkinc mi'l'
t

I »i l'c.ri.r'«t

(HTMiiial (lirrt ticin. l'.>iir -.iiiiil.ir |iil»-* w.tf m.i.lc li\ iliimpinu . cil i ,ir- lioiii

.1 r.iilw.iv in-'lr. I'.uli |)ilf .ciiil.iirifd .iIh.iii "HI i.iiis .md w.ix l.iiill an

fiilli)U><:

I'ilc No. 1. riif (o.il ii-t.l w.i* frt >li 'niii-i.f-miiu" from No. I iniiio

of ill. Dominion Co.il (omli.inv. I'll. din -.••iini il \\.i>- iiiiiU'l llif

dav 1.(1. .
I.- ihf pil.' w.i-- l.nili, .mil w.i-- .a.ii iK .is ii . .mif fioiii llir mini-

rxr»|il ill. II il lnt.mu' d.imp owiiin |o r.iiii, whirli Irll during: llu- tr.tii«ftT.

I'ili- No. 2 w.is m.idr wiili ii'.il from ilir Lir^f ^i.k k pilf of ilir I )i .minion

<'o.il (omp.iiiv. This io,il li.id l.(« II miiud in IVIiriiarv and \\,i> rhirlly

l.iii noi wholly from the IMi.il. n mmih. This ro.il w.i- .il-.., I.imp wluii piliil.

I'ilf No. .< \va- l.iiill of l\M. kiiiiN cf '".il. I ir-i. iiiiii- or i.ii Int of

stork (o.d, .is in pile 1. \va> diimpi.l, .md on lop of ihal ti\f or «i\ Ictl c>f

fri'shlv niiiud rim of iiiiiU' ii.al from No. f (..lli»r\ a^ in iiili- 1. iinlii lo.iU

wcri' d.imp.

I'ilr No. 4 \\,i> ihc >,imi' ,is pilr No. t t-xrcpl ih.it llic roal \v,i> pilid in

l.ivrr-. .ihoiit ,<io,^fiii iliii k. .Ill iniirv.il of twod.iv- liiiiiK It'll l.rlwri'n thr

dumping of siU(i>>i\c l.i\irs.

Till' pilr> wiTr -.illLiKil liilwi'fn -iirii»i\c liiiil- of .i tri-.llc. Tlii' coal

w.is 111.1 in (oni.'il with ihc wihmI of tlii' irolli'. Iiowrscr, ,i> ilu' hints l.r-

twitii whidi till- 1 1..II w.is diimiKMl wrrf l.o.irdi d up .md protii ti-d by K.il-

v.mi/id iron. The liM.iiion can \>v >vvt\ from iiliotonr.iphs. ( I'lali-s III,

IV. md W
I 111' iikiIiimI of piiiny tin- icil w.i^ I'V dumping il from hopper hotloni

(•arson top of t hi' iri'silr .md thin "irimmiiiK" In somi' r.iscs llu- coal i.iili'd

c.lll over ihi' ir.uks ,il tlir sidi' i)f liif irisiK- ,md h.id lo In' lii Id li.irk !>\ .i

low wall <'f 1)1.inks .is can l.c seen in ihe phoiojiniphs .il>o\e iiuiiiioiied.

These planks ci.nsiitilted lhei.nl> wood in cont.ict with the ceil. The coal

for piles I and 4 and the top h.ilf of < was mined on July 1'). l')11. The

diimpiii^f of pile No. I \s.is coinmeiii id on July 2(t. and I'mislud July 21.

I'ile .No. 2 of slock w.is dumiied c.n JiiK -'H. The slock co.il in Pile No. 3

was dumped on July 20, and llie fresh cn.il on July 21. I'ile No. 4 was

huill ill l,i\ ITS .IS follows: July 21. M) ions; July 24, l.S tons; July 2<>. l.S Ions;

July 2.S. 15 tons; .md Jiilv ,^1. 1.^ mns.

As each i)ile w.is m.ide ihree \ inch iron jiipes were put in. They were

8 feet, 14 feet, and 20 feet lon^ res|)ectivily. These i)i()es were open at

the liottom and were threailed at the loj) and were kepi dosed by c.ips or

wooden phi>.;s. Tiieii positidis are -hown in pl.iii aiul t!r\.i'r.n iii I ik-

54. Two pipes (S) in the form of a V were also placed, oni in pile 1, and

one in pile 2. They were open ,il the ends which projected into the air.
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per cf
Hi 3C 4A 41! 4C

July 2il <>: —

K. ')

— — —
21,. .M _ —
-'.! :< 14-0 2(1-0

18-5 —
~

-M
. 'M 14.0 If. -5 —

24 57 14-0 17-0

17-0

20-0 — —
20 r,( 15-0 100 — --

27 IS 15.0 IS.i.)

17.

5

I.'*. 5

200 ISO —
2.H 4(1 15.5 — — —
M) r,5 —
.n .... — 16-0 V><) IS -5

_

Aug. 3 (i< 17.3 V)-S 21-0 I'J.S —
1(» ().i ic>.() 22.5 23-5 23 22-5

11 .... - ^ —
_

-- —
1.' - I8.5 21.5 22.(1 21-5 22-0

1.'' frt IS.5 21.

5

230 22-5 23-5

l'« 'X — — — -

l'> 90 IQ.5 20-0 23.5 22-5

24.5 2(1-5

24

20 f)('- — —
^i .^t 17-0 17

U).0

23.5

27 :A \i).() 2.^-^ 22-0 20-5

i" Ot 21.

u

20.5 25(1 24-0 270

,M — _ — — _ —
Sept. 3. .. 0, 20-0 20 25 23 2,^-5

^ — — — —
" ?•: 18-8 18-5

1').0

25 22

23-0 21-5

27-0

13 , . .. - is.o 25.0

•No barocr.-inh ra .,.,,.,:,.
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TAHl.K }

Temperature and Preisure Rea
(/orMr and <ti

K<l.i(ive Atm..sphi r Aimosphcri.
U.iti.. iiuniulits teriHKr.iiii!. pressure Wcatlier.

percent. d.'iirees ( . Inches I li;:

lA 111 IC

^"!i'_ '!* "i- '_'' '"'' -''•" <-'>'"<'y - -- —
-' '*•* -'"-1 -"'-XT .'"ine 17-(» l';(> KSU

!:____
""^ '^'-^ J'' ''II t l..i.-(v 16-0 iS-O 17(1

-\
'"

1
^-1 J'»"() Sli.overy l')-0 1S-(I 170

iilim: ^' >'*•'' -"'''7 Fine 17-0~ ^"'7^0 IM)

f!^__:ii:
^^'^

''''^ "*10 Fine 17-0 l'<0 "TfTs

^i^J^l Z
*^ -'•^ '''•<' Kii'e 17-5 l')-5 1').5

- '"^

J*'^ „_''' '"''* ''''" ^^^ -'"•'' 20-5

^^ ''^ -'' ^" '" '•'"'' — ^^

:'.l;iLV ^~
J'''^ ~' Cloudy 17-5 .Ti-S 210

-i!5'..-_l:..'. .^'
''** ~ f'"'' l«-0 ^"-5 "^22^0

'" '''

;_ Klnc 21-0 21-S 26-0

','_:_•: I'
'" _ -^ ~~H^ 7^7~ -

~
'^ _J7 l'''> - Fine 25-0 270 2"0

' -''

''^ l"*' — Fine 25-0 2,s-0 300

^^jj_-__''^ ^^J ^~Zr ^' "-~ '- -^

'"^li::
''" |_'' _ -- Wet 250 2S-0 32~S

'!____ _„^^ ii'i i'
•'

1^ 2 ^z
Cloudy

" "^i II zr
-•^ -^^

1^'^ -- Fine 20-0 .;2-0 35

-' "* '''
' — Fine 28-0 ,H0 35-5

l'j_ __^ _;";
2 1

-^ ^ ly :7'i Cl.udy^" 7oT
^' —

__1;^'' •"J--*' F'"'- —

~

^'-'t"- '
__ ;^';

is;_3 29-TsV
~ shZ^~ ImT

'^

7__ t>' 11^ " ^Fw IT"

''

^^ !•' ' 3().lfj Fine 29-0

_'''_::i:_ J _ ^' 20-70 Slu.wcry 29-5

'-'
**•'' •^"1* Fine 27-5 ^^» 35-5

•No barograph readings were obtained between July 50 and AuRust 28 ow ng to the fact t

33-0 370

— —
35 38

__. —
31-0 360

34 37-0



TABI.K XI.V.

iure Readings—GUcn Bay Storage.
PorMr and ii Uarl)

IC

ISO

17()

170

ISO

l«-5

1<)5

20-5

2.\

16(,

140

U{)

U-0

14-5

HO
15-5

Tcinperaturet (Dfg C)

2U 2C 3A JI3 3C 4A 4U 4C

160

U-O

140

140

145

14-5

U) 5

17

US
12-0 —
100 135

14-0

140

140

14-5

IS -5 ISO

ro is-s

21 15-5

220 !5=;

26.0 17-5

170

20-5

IS

18-

160

IS-S

2'»0

30

32-5

35

17-0

17-()

10.0

10.

2(»-0

IS-O iss

21-5 17-S

— —
ISO

17.

17-5

17-5

— —

— — — — -
140 160 200 — —
14-0 16-5 18.S — —
140 170 200 — —
1.1 170 190 — —
15 18-0 20-0

,
18-0 —

15'S 17-5 —
' — —

— — — — —
160 18-5 19-0 18-5 —
17.

3

195 210
,

IVS —
100 225 235 230 22.S

— —
_

— — —
l.-<.5 21-5 22-0 n-h 22-0

lS-5 215 230 22 -S 23-5

17-5

ISO

370 10.5

35 • 5

380

36

37-0

190

20.

IS. 5

20 '5 160 17-5

— — —
20-0 16-S 17.0

21 180

190

17S

22-0 190

— — —
220 15-5 180

— —
220 140 170

21-0 170 180

10-5 20-0

17.0 17

,0.0 19

23 • 5

24 •5

23-5

24.

20.

5

22

no

joo

20-5

200

25-0

25

23-5

20s

24-0 270

230 28-5

18-8 18-S 250 22-0 27-0

ISO 19-0
j

23-0 21-S 25^
35-5 20 140 —

) the fact that the barograph had been sent away for opairs.



m.jmrJ^(^:'*S'±r



.»:v*.

iv;

riitir ii»r will 111 lAjilainiil l.iii r \ l.i.i^^ lulu ( ., J
iii< h iiiirrn.il ili.imiliT

w,i-(cprir<l In llic < 1 Mill- 111 cull |iili allii II li.iil liirii i i imiili li il I lust-

Ill. In- liilir- Will- ii-iil 111 ilr.iw nil ci~ -•iiiipii - liiiiii ilir inliriur ill llir jiili'S.

All lliiM- |ii|ii'> .mil iiiIh'n .iri' -ilinvMi ill T i« 5 t

'!'iliili(l.iluit - win- l.iki II .It trrijiiriil iiiur\.il-. in liii- [. iiii li |ii|K *.

Il will 111 vmII m. nirr in lliiM pipiN |p\ ^xmlml-- All liu Imii; pipes

w ill lit' I .illi il A. lilt iiu'iliiiiii pipr- It. .mil ilii ~li<irl pipi ~ ( I lm> llir I up

pipt' ill pill' I u ill III' I .till 1 1 H '. ami in pile 1. J( . .mil -u mi I' he iiiiilillc

pipi' ill pill' ^ Wiilllil lie .Ui.

rill' .iliiiii-plirrii- li'iiipt r.iltiri' ,mil prr-Niirr win- rii nnliil li\ .i lluiiiin-

^;r.ipli .mil li.ironr.iph rr-.iH('li\rK'. .mil llic irLiliM- liiimiililv v\,i- l.ikrii

.it iiilirv.iK. Ilir ri'Mills I.I llu'-.r nliMrv .ilinii-, liii;rllu r w il li iinlr-iiii ihf

wc.illirr. .iri' Ki^«" ill r.ilili' \IA .

riic li'inpcr.iliiit"' .mil pii'->tiii"^ i;i\i'ii .irr iIh' .iMr.im' inr llic H liuiirs

olil.iiiii'il Irnm llu- ilu'i niiinr.iph ,mil li,iriiKiMpli iiirvo. .\ll uiiipi'r.ii iiro

ire ^;i\rn in ll^'^;r('l'• ('('nli^;r,nlf. The liiiiprr.iliiro in llu' ', im li pipes

SM-re l.ikeii li\ lli.iviiiimil red inline' llieniiiiMUlei-- w liii h were lei ilnwii In I he

l,ntliilll> 111 llle re>perli\e llnle- li\ riiiv;... When llie leniper.ll lire ill llle

IikIk'n w.is K"'-. iIk.h ihe ,il mn-pherir lemper.iliire il \\,i> impn-.'^ilde tn u>e

iluM' iherniiinu'ler-, henrc .m unlin.irx reiiii^;r.iilt' ihermnnieier w.i- < iii-

plnyeil. ami \v.i> pulled up .mil re.iil .i> r.ipiilU .i-- pii»ilile. The rrrnr lluis

in 1 11 II lui I'll w.is pr()l),il)ly les-> ih.m nne ileyree e\i'e|)l in ime e.iM' niiteil.

'Ihe leiiipir.Uure re.uliii^is have Keen plnlted nil a lime base .i'. per li^;-. 55-

<)\, p. 15(i, ami in lliis \v.i> the tIm' nf lemperaliiri' cm peril. ips

lie mn-t re.iiliK >een.

A point which is ile.irK shown lis these tiijures is the f.ul that ihe ni.ij

which w.is piled ill l.ixcrs heated less than the i n.il whii li w.is piled ipiickly.

I nInrtiin.ileU , the cn.il ill nniii nt llle piles healed to .m\ JL;reat exti'lil,

and it is, tiieretore, iinpossil.le in lell wlietlu-r piling the co.il in thin layers

.It interv.ds nl >,e\er,il d.i>s would pre\eiil --poiit.iiieoUs coliiliustion in a

<-.ise wluTe it would otherwise oci ur. Ihe dillerelice in ti'inper.itiue rise.

howe\er. is coiisider.ilile. The in.ixiiiiimi lemper.itures .ill, lined in piles

1 ,md 4, which wert' .ihno'-l ideiuicil cm epi for ihe leiij^tli nf time l.ikeii

in liuildiii^;. wire as tnllnws:

lA M^-S" •". ,15" IC .^X"

4A liV 4M 4C

It sei'iiis prohahli', therefore, th.il i)ilin^' the co.il in layers ami exposing

each layer to the air would, in iii.iiu cases iirewnt spontaneous conihiistion.

Infortiinately in the in.ijoriiy of cise> economic considerations prevent

the .ido|nioii of thi> nielhiHi of l)ili"!L; the co.il, as ordiii.irily the pile is

made by diimi)in^ the co.il out of railway cars run on a track l.iid on the

pile and shifted .is the pile ^;rows. In such casi's the al)o\e method would

involve a disproportion.ite ex|)ense tor track mi)\ iiii.;. The method, however

roiiiti he used without much added expi'use where the piles <ire maile hy an

overhead travellinj; i;ral>.

12
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Tile lliullit litll|M r.lliirr 111 pill - wlm ll ll.ivc liirii liliill (|tlii klv i- prnti-

alil\ fliif til till- 1. 11 1 ill. (I ,ili-'ir|niiin <>l <i\\v;iii .iti' • "iii-ti|iiriu hi.iiiiik' i-^

(Atrpiioii.ilK iMjiicI ill the lir^i iVw liiiiir>. uf i\|m>hui( . ll ilic mmI ii

r..\i I(i| ill lis In-ll (n.ll .11 llli- sl.iK'' it M i.iin- iN In .It, wllrli ,1^, il il 1^ lilt

i\|>ci-ii| fill .1 liiiit^rr |i<riii<l, iIh' i.ili' I'l (isiil.iliiMi ilt<HM«< » .iinl iIhih.iI is

flic liiiiiiil nil 111 .i|i|irii\im.ili l\ .iliiiu>.i>iiiric lriii|i<iMliii(> ll. lhr\M\tr.

liic pill' i- Imill in lim \m itlur .mil |).itlii iil.iiK in hiiulil •.imlii;hl .
-low piling

is likiK In ri^iilt in r\in i;ir,ilrr luMlini; lli.iii i|iiii k piliiiK A-- .i in.illiT

111 f.Ml 1 11,1 1 |iilr(l in '.111 1111 HI .mil in ilr\ , i.e.. -iiiiin \vi .illiir, i-. Iniin.l in \»:

(-.pii i.ilK li.ililc In ii'wv IriiiiMc.

ll i^ iiitrimliiu 111 iinli till liiia> l.iki 11 In .iil.iin ilu' iii.isimiim liiii-

prr.ilnri^ I iii\ witr .ipprnvini.ili l\ .i- Injlnw-.:

I Mil I MM
Dates of Maximum Temperature in Glace Bay Storage.

f /.>(. r nil / I. n.lil.

p||„.. I>.ii(..| iii.i\. h nip. |'iiiir -ill! I' rmuplr-
tliiii 111 pilr.

J \ S'piciiilu r I l^ 'l.n-i

2a::..: i" '-;'

,}A \ii;;ii-i -'• '; -

4\ ^rpllllllirr I .
'^ .

tn.::.^.. • •
^'^

•

211 .1
I" ""

<lt .\iimi-i -"» -t" ..

411 ™ .*o .
<"

1( Srpii'inliiT .< 4

1

2(1
" ..17' .W ..

.«!
; .

Auu.i-i JS' .V)' ,

4C1 "Mpii inl.i r I' ^'
.,

.R,.r,,r.|. 1.,.. iri.-.;ill,ir lo ..ii.il.l.. .inv hiii,..,i1i • iltv,- I., li.- .Ir.iwii. l'r..liil>lv ^1 i- t<. •. in.- ..ilriit l,, the

enfiirii-rl u« i.-I a n m in.ixiTiiiini tli.-r- i.t

We iii.i> --.iv lli.ii rniiv;iily. I'iii 1 iciduil ils iii.ixinumi Unipi r.iUire

on ScpliinliiT 1. I'ilf I on Sipiciiilur 17. I'ili- ,? mi Aiiyii-t 2S. .iml I'iU- 4

on ScplinilM'r 4.

On Sfplfinliir Ui. irmprr.iinn- wiii' l.ikrn in llic pipr^ in piii- 1

evcrv I'nnt (Inwn. riu-c iiiiipiT.ii'.iri's ~lin\vt(l llif niaxiniimi uinptT.iiiire

to 111" aliniil ihrcc nr Iniir fiil liclnw tlif >iiii.irc. Tlu' >aim' i;i'>'"i>'l l"c.itiiin

had lii-cii nli-ir\iil li\ I'nrlcr .iiul Hninmn pn\inu>'.> .il .\iii;ii-. aiulw.i^ Liter

found to he Irur of .i C.I'.R. cn.il pilr .U (hilriinnnt. I'loli.ilih- .ibovi- tlif

depth of ni.ixinumi luatini; there i> too rapid r.idi.ilioii ,ind ventil.itinn lo

allow of the m.ixiniimi lemprratnre lieint; all. lined, ,md i« ln\v this point

there is insiilViiienl ox>i;en to in.dile the coal In oxidi/e freely enough to

yield hi.uli lemiieratlire.

In order to determine the ahsorption of oxygen and evolution of

lilt liirtiif .ilid otiuT biases, ga.- sanifiUs win- drav. ii fmrn t!;v rentr-' > ' • pile

and anahscd. The samples were sucked out through the brass tubes
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If •ntionid ,i1h)viv \ .,iit J.Sd ,il.i( . niinuir. , wi-H' fir

di^M-anlid in ..riKt ., (.ri,iirc ihr r< mi..\.iI <.f all .lir irnm i.

250 re. (.f K.„ wi ..k.M. -Ih.- -,l.n,.|ar.l .... ih.MJs ,1 .„.ah-. uitl. ,1^^',,'.'

«.<... p,|HI|,s w.rr .„„.lo\v,|. IVi.lir.JIv .:,.,„ ,|i.„„|,. ,„ |„, ^,,x
l.v.lnHarl«...Hw.rrfn,i„.| i,, th, , -. ^ ,a..K,.,|, I,„i .v,-,. ,,, i|„ ,,,., ,,t tlu>
M-.A n..,| iJK ,,y>i;,.„ ...nl.iK as alwav-. !-.».

I I,.., U, „ iiul,-,!
that ihr..>;vK.M, .umr.it is x.-rvv ial.|,..l.uli||, ..,,„. I,. I,..a.,. „„...xiu,.
iKlw.iH .IS va.ali.ms a.i.i ih. |.r. -vur.. I. ...p, uin .,r r. la.iv ,.„„i,|i,y
muliii^;s, tlu'si ,(.nsff|ii(titl\ .r. ..mill, (I Imm l.iM, \| \|i

IMil i; Xl \II

Oxygen in Gas Samples from Glace Bay Storage Piles.
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riu'M. liKM.n-,h.,u :>.|i;;ht.i,pl,li.m,,|•ox^, n. .\lih....i;h ih. simi.lcs
'. > I'llo 1, whi.li 1..., u.i.' huM. r than a,n ..I ih. ..Hut pjl,.,, s;„.„s the
"• .>t.,xvK.n.oni,„,.,|H.,.xvi;...ofth.san.,,l.,.l.....„o.,,|,p,art.,r|iminish

'ini.' K.K's ..n, and ..vvycn fnmi ilu- air must ihcr.fi.ri- liavc ..laaiiicd
t ^I'^v ;<i the iiitcriiir nf lit. pijc.

.\iUiiipts w.Tf ma.l, tu (l.tirmini' t!„. ..tati.in of ihr R.is-pn-ssurf
in the h.-art „l ihc pil,- i., li,. itmosphmr-prcssur.. oiiiMdr l,v means ,.f
the s„,.tll p,,„.s iilr.Mdv nlcivd 1„. T\n- apparatus .im.| „as that which
fcad iK-fu I'mpNiyi-d l.v I'.irtcr and Hnmx.n al .V.i^'us, mv p.^v 150 h was
found almost impossihio to kH .-,atisfa<t.,iA ria-iinn. cxa.p! in mtv quiet
»cathrr, as the small, hut tr(i|urnt rli.uiccs in tl,.' rxlc-nul pressure due to
the wind masked the still sm.iller dillerenres in pressure in th.|)iles Owing
to this (hlhrulty the numlier of reliable readini:s ..l.taiiu,! is fir .,-. .„, dl to
prove anythms:, they are. however, ^iv, n here as an indiea.ion of theatnount
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(il prisMirc or sii' ti .11, iiml in llu' li<>l>'' "f sdmulatinn furthor i-xpiTimental

work .iloiiK tliis liiu'.

TAm.K NIAIII.

Pressures in Interior o; Glace Bay Storage Piles.

;•,.,/, r .111; .(. Il'irit

Dale

I'rosuri' ill iiu lit' i.t water.

'||IC-

AllK. 11
' -(). ()(!(,(.

Ami;. 10 +(l-(ll')5

Ann. i*> -11-0174

Au«. .'4 :

-linJ.M

Aii«. 27 . +"<M-<f<

,\„j,. _)() ^00(112

21i M\ 4B

-O-dO'M (i.(in.s4 -0.0048
-(I 011,^ -Ki-(ii.<(> + 0.O0S2

OdJlK) -(|.1)1()2 -0-0000

-(|.()1.U --(|.|(I22 -0(l2()4

+ (l(«l.'4 -(|.()(HKI -0-0001)

-((•(MWMI -OlMHM) -0 (HKK)

-t- s'uniliffl i»rt-ssurr, si«niti< « stirtu'ii.

August 21 lu'in.i,' .1 very siill day il was found posMblo to take readinRs

witli oiu- limh '.f till' r tube <ipiti to tlu' .lir, and in all four casis tlu-se nad-

iiijjs clu'cki'd i'>carti\ .

It will bo noti'd that tlitri' is no casi' in whiiii some of the- pHcs showed

pri'ssuri' and others showid suction. Mi'iuo it is n.iliiral to look to ixttrnal

caiisis for the changes in prcssiiro. .\ study of thr barometric and tlior-

nionutric readings and of the relative humidity shows that there may 1h>

some relation iielween the atmospheric conditions and the pressure changes

in the i)ile, but. owini; to the very small inimber of readinKs obtained and

their small amount, it is unwise to attempt to draw any conclusions of

weijiht from the records.

No barometer readin^rs were taken on .\u^,nist 11, as the baro^;raph

was not avail.ible on th.it date. With the exception of the reading IB on

Aujiust 27, however, llie records show no suction when the barometer

was falling and no pressure when it was rising

At the ((inclusion of the Clace Hay experimen's above outlined, Mr.

de Hart obscrsid the lo.idinK of a collier beionv;inK' to the Dominion Coal

Company, one hatch of which wa> loa.led with freshly mined coal from a

sintjleoneoi the Comiiany's mine-., while the remainder of the earn., was made

up of ordinarx tiiixed coal as il came to the lo.ulint; pier.

Mr. de Hart liien went lo Montreal on the collier and observed ihe

unloading', and s.iw th.M all of the coal from the p.uMcul.ir h.itch under

observ.ition was shipped to the Canadian Pacific Railway's sK.rauc v.ird

at Outreinoni, Montre.il, where in turn he saw it |)iled accordin^^ 'o ilie

standard C.inadi.in I'acilic K.iilw.iv method, det.iiled on iK'-^e 152. He

then inil observation tubes in the pile and cotmected them up wtth the

apparatus which had been Used by I'orter and Mrunton a year before.
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and commenced a series of observations similar to ilieirs. t )^vin]^', however,

to the fact liiat tile ma! was jjiled in comparatiw l\ eool wtalher no very

jjrcat amount of lieatin^; took ])lace. The oliser\ations, however, confirm

in every respect the results previously obtained by Porter and Mrun-

ton as set forth in the followinj; jiaRes.

Porter ami Bruiitoii F.xpcrimcnls at Anitis.

In the winter of 1<)I()-1 1. J. M. I'orter and J. S. I.. Urunton e.irried out

an extended series of ol)ser\alions on a wry larKe ^loram' pile, whi<li had

been liiilt by the Canadian Pacific Railway iie(A<en Jinie md October,

1910, at Anvils, Montreal, in accordan'e with their standard metlnHl. which

has alri-ad\' been described on paire 152. ''hi-, invest ij,'at ion, .dthoUK'h

made l)efore tlii' S\(lm-\ i\periinent> .dre.uK outlined, i-. de^cribe<l after

them for obxiiiu- ri !><>ns. The pili which w,in roughly tri.in^'til.ir in -hape

was appro\iii!.iieK ivm> hu!i<lred >ards lunii, ei^'htN -five y.irds wide, .md

fifteen fi'el hij;h; il cunt. lined appro\imatel\' fifly-eii;bt thousand tons.

The iMidertyiuK ^roimd was the natural Miil of the loc.uinn .i firm sandy

clay levelled olT .Hid covered with a layer of .ibout 1 I', of roundhouse

cinders.

Th' purpo^r of the invest
i
oration was (1) to study ilie temperature

chanj;i's, .md (2' to in\t'sti^ate the "breathing;" of the pile, that is to

sa\ , to determine u here and hi>w air en tend and cMapeil and whether

barometric < iMiiiies iiad an\ import, iiit I'ffe'i upon \i'ntilaiion.

A rt.<'i, infill, ;r ])liil, SO ft. Ii\ •>(! ft. \\a> l.iid out, one end of which was

the noilhern e lice I't the pile. In 'Hie h.di of this exp( i iin» nt.ii .ire.i all

of the M litililinii holes were hlled n|) with ("me co,il, llni~ lormini; an un-

\entilated 1 lock ''0 ft. by 40 ft. An instrument house and siv o!iser\.uion

stations were Ini.ited in llie i)lot. ihree st.itions iK'in^ in the iimcntil.ited

area and tiiree iii the \entilated port^'in. as shown in Fi^. '>2.and in IM.ites

I. II, anil \ ! i',.ich 'l ttion (oiuo', ,i ^roup ol three one-inch pip<'S of

varying; li'ntilh--. etch jiointed .uul ''rilleii wii'i some ', " holes ni.ir tiie bottom

to ptrmit the entr.Hiif (ir escape (;f j^. IS, .uul closed at the upper ( iid with

a tlireaiU'd c, > with a hose cotuiexion In each ^roup pipe NO. 1 w.isdriwn

9 ft. down into the lo.il. No. 2, 14 lt..,iud No. .^. U) ft., i.e., just into the cin-

ders below tlu' pile. A sni,i!l building' to house the instruments was iTected

upon the l)ile in the position M as shown in tlie sketch. The tiisiruinents

themsehcs were as follows:

1. .\ stand,ml liiermometer, ^;railu,ite(i in decrees ( 'eiiliijr.ule.

2. 2 doz. ni.r.iiiiiiiii recording' ihirinometi rs, jjnidiiated from 0°—
3()0°('. for iiieasuriil^; the temperature in the pipes.

?>. A Ricliard thermojir.iph reading to one (iej;ree I".ihrenlieit. This

instrument vv.is checked against a st;in<lard thermometi'i- and

was found ver\ reli.ilil.". It .ud the t'lermometer were kept in

a small l.itticed box fixed to the outside of the hoiist oii the

northern side.
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4. Two baroKraplis, i>iU' lifinukr|)t in the h(iii>f and tlif oilier lieing

ill a constant lemper.iliire room at McC.ill I 'ni\tr'-it\' al)oiit

a mile and oiu-lialf (ii>laiit .

5. A Shaw-I)iiies inicrcharo^jnipli wliieli wa'^ kept in the constant

teniperaliire room at the I iiivcrsitN.

0. A katliclometer. lille<l with a micromeler e\epiece, c.ipaliie ot

reading 1 lOOtli ol 1 niillimelre.

7. A standard anemometer tor noting wind Nclocities.

8. A delicate pressure nauge in the form ol a I i ulie with llie ium c^sary

connexions and stopcocks for adjustment. Toluol was the

li(H:id enii)lo\i'<l as it comhincd extri'ine lifjhtiu'ss with low

viscosity even at very low lemiH'ratiires. This uaiiKe was

suspended on I hi- w.ill of the house.

0. Rill (her hose 200 ft. lonji and iron vjas pipi' comuxioiis for attaching;

the pipes to the pressure K"i"Ke.

The ti'mi)eratiires were obtained easily and accuraieK by lowering;

the recording thermometers in>ide the pipes to the rt'ipiiri'd distance and

allowing them to remain in iM)sition for some miiuiles, after which tlu-y

were withdrawn and the tempiTatiires read.

To obtain triistwortlu' i)ressure readings was a much more difticult

matter. The ineth(Hl ado|)ti'd was to remove the cap from the top of the

pijU" to be tested and in its phice screw on a coupling which connected by

means of very heavy rubber host' with a system of piping leading to one

leg of the pressure gauge.

In the pri'liminary tests the other leg was left open, but it was found

that under these circumstances the gauge sontetimcs showed pressures in

the pi|)e, and at other times slight \aciia. and whenever there was any wind

the li(|uid surged more or less constantl\ , the lluctuation sometime> amount-

ing to 10 or 15 millimetres. X'arious experiments were nixl made to elim-

inate the effect of the wind on the open leg of the gauge. I'airly satisfactory

results were got by connecting this leg with a pijje which terminated in a

barrel of crushed coal eciually e\!"ised on all sides lo the wind, but tin.dly

it was disco\ered that iiipes 2 and .^ ,il Station .\ made e\en more s.iti>fact()ry

dampers. These pipes were close lo the edge of the i)ile and an exhaustive

series of tests under all sorts of weather conditions failed to show an\' sign

either of pressure or \acuiim in them. .\t the same lime the bottom^ of the

pipes were deep enough in the coal lo be perfectly protected from s,i>sts of

wind. In all of the later and more trustworthy determin.itions of pressure,

the "open" end of the l' gaugi' was connected with one of these two i)ii)es,

and the other end was connected with whate\er pipe was at ilu' moment

under observation.

Kach leg of the gauge had a by-pass to the air controlled b\' well ground

glass stopcocks. .After the connexion had been made these stoiKocks

were both opened and the toluol |)ermitted to come to a level. The kath-

etometer was then sighted finst on one leg and then on the other and adjusted
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29-70

+
29-90

29-35

29-61 30-43

N. S.F..

10
S.W.
17

W. 1 . .

.

S.W. 1 w.
11 23 20 ' 14

1

19 15 14 13 13
13 10

9 i

5 !

9 7

16
5 10

10

16 17

14 12

10

'

18

1

»5

i

i

1
1. . : 1

' JO 1....

* • *

6

• • *

i

I

1

10 11 17

• • •

12

1

15 u
1

1

1

'
1 . .

'

.
1

'

s

....
i

IS .. 15
5 1

1 1

i

i

'^
-11 21

6

i
1

1

TioB!«eT In Centr!gra<k dcsr<>««. PrMKisf 1h ! .'lOO Hil!!>m«r»« at water ga«sf appfjilmalely



TABLE

General Obterratioo
(/*orUr ani at

Jan. 10. Jan. 12. J m l'> Jan. 19.

-4

l'i[H,' 4 Tfiiip,

I'ress.

I'i|)c' 5 Temp.
I'ress.

I'ipe 6 Temp.
Press.

Statioa D. Pipe 1 Temp.
Press

.

Pipe 2 Temp.
Press.

0- 0-

ist

0-

J'ipe 3 Temp.
Press.

0-

Station E. Pi|M' 1 Temp.
Press

.

10 U

0-

11 12 U 13

Pi|>e 2 Temp
I'ress

.

Pipe > Temp.
Press.

Station r. Pipe 1 Temp
I'rcis,

Pipv 2 TiMrr|)

I'res«.

ri| e .1 Temp . .

I'ress i
. .

s

17

12

l.S

4

I.!

H

11

5

l.S

U

1.^

s 6 6

16 18 18

U 13 14

u 13 13

• For tenii»eraturff« of the C croup of pipet. I'Vb. 10—March 15. See Tabic I.I.

t Two of Uifsr ilctrt;- ; ,.t:on» are less truttworthr than t!ie ut!:ct»



TABLE XLIX.

nratioo Angus Storage Pile.
'orUr tmi orumltm)

17

28

18

26

13

. . .9. Feb. 13. Feb. 15. Feb. 20. F.b. 27. Mar. 6. Mar. 9.
i

1

Mar. 15. Mar. 23. Mar. 27.

1

April 6. AprUlO

-1 -11

-15

" 29^
30-25

-18 -11

-~13

-11 -8

-11

+2
-"4

+ 1 -5

-7

1
+9

1

' +4 -+•2
' * •'

29-70 30-10
+

29-60

39-01

29-60 30- 15

+
30-44

29-80

30-07

29. 20
f

29. 57

J'>-70

+
29 90

29. 35

1 30-05 29-61 .<0-43

..i S.W.
1 4

N.
12

N.W.
9

N.
11

S.F..

10

S.W.
17

VV.

23

S.W.
20

W.
14

""
5

'

1

1
1

1

i
1 _ 1

—
If. 19 19 IS 14 13 13

12 3 13 10

7

"'

9
Q 14 5

1

' 6 7

-
9 7

* -

;

1

.

i ^' 37 36 30 16
5

9 10

io 6•"

18

IS

13 10

35 10 11 17

12 IS 11

:... .

14 16 17

14 12

10

18

14

19

15

5

IS

18 19
-11 21

13
19

Noti.—Barometer rcadino la inches. Thermometer in Cenuigrade detree*. Preimiree in 1 /lOO miUimetrei o( water gauje approxiinaiely
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to a zeri) rcaitini;; Ixitli >i<>|M.«ks wtrt' t!nii iImmiI ami llu' dillrnnrc

in hii>{ht nf thi- two It^cn n:u\. Ii ^^,l^ ili!«<(»virf<l, ratlur In llu' surprisw

')f llu- ol)Mr\<T>, th.it tin- (liaiiKf in I«'mI n.ulicd its in.i\iinn:n in a fi-w

niiiinrnt". and thinaltcr the |tn>r,iir»' diil not in< rt-.iM'. and tli.it in tm i .!»«•

di.l ifiis pri^suri' ainonnt to more ill.m .t millinutri- or two of toluol, ic|ui\a-

liiit t(» U?.^ than 1 nulliiiutrf of w.itcr. Ii w,i<t al>*o iiotttl that «hili' the

()i|M-s fn'(|ii('iitly ".liowi'd no dillcrcnccs of prosnro from ll'c oiit>idf air,

yi'l wlii-n llitrc was .in\ dilfcniu o tin- pro^iin- in ih-- pipt- w.i.h always
Krfalir than that of ihf .itniospluri' .ilthoUKh the dilTiniUf as >t.itid

alM>vi- was minute.

Table XI.IX Ki^'"* J' ''>iiK M-ries of oliserx.itiriiw of teiii|N'r.itures

and l)aronuiric pressures l»oUi at the surf.Kc .in«l in the pipe-. It reronis

all ohserxations of pi|K' pressures which were eonsiilend at all trustworthy.

In K'ener.il this pressure w.i- liit;hest in the |)ortion-. of the pile whi( h he.ited.

lint in no case did it exceed a iiiinule .inioiiiit .ind the onK conclusion which
can s.iffly lie dr.iwn from these ohserxations is tli.it tlu' interior of the pile

roiild not at any time, e\en on .i rising liarometer, h.uc drawn in .my
ap|)recialile amount of .lir through its lop siirf.ice.

In this connexion careful exp»-rimenis wire m.ide to see wlnlher .iny

air was ^iicke<l in ihroiinh the vi iiiil.ilion holes, hut liie mo^t deliciii' .i])-

parat IIS which could I If de\ised l.iiled to show ,in eiiieriiii,; ciumit in .m\- <-,ise,

where.is in ,i numUr of c.ises ,i ..!ij;hl oiitw.ird i urreiil w.is olixTvcd,

It should he nciled tli.il in iMicmeK cold .md <|uiel we.illier llic sell-

til. ilion holes o\cr the whole .^urface of the pile were .ilw,i\.. ohs(r\eil to

he KixiiiK "If siii.ill amounts of s.ipoiir, which often sliowtd .is little (oliinms

of steam. Much of this exii.il.ttion w.is no doiihi a<|ueoUs \a|)our from the

moisture com. lined in the co.il ,iiid from melted siiow , hut imdouhtedly
some .lir w.i> also exh.iled, and it mu^l liurefore he assumed tli.il f'-'sh air

enhred tlu' pile, i liielK no douht h\ditliision hui .ilso, proh.diK-, .iroiind

the sidi>.

Samples of the atmosphere or ^;.is cont.iiiie.l in the pile were
drawn on l'ehriiar\- 1^ from tlin. pipes whicli showe<l imusii.illy

hij;li temper.itiircs .md pressures. These s.imples were .in.iU -ed hy
Mr. I(ls.;.ir SLinslield. M.S., ( hit f Chemist of tin 1 u< 1 Testinu Division

of the Miius Hraiitli, I)(p,irtment of .Mines. ( )it.iw.i, .md liie r«j~ults .ire

shown ill r.ihle I..

lAli! I I .

Analyses of Gas Samples from Angus Storage Pile.

PijK-. Ili'lilh. TiiMp. r.iiiirc. I'n- CO. O:

C (.

K _'
. .

14

14

'ri'^j^un-* in '
/l(B ' .liiii«_'trtM ui

n

.t5

I<)

> If; .s

(» i is.,s

(11 .'0(1
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PLAN

ANGUS PILE. ON REDUCED
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SECTION OF EXPERIMENTAL AREA
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iPancr anj liruiu^n.}

}'n,. 62. I'lans and elevation of .Angus pile, Montreal.
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Talilf XI. IX, |i. I(i(l, tfiorcl-, iini cnly ilu- niiipcr.ii iin- uhMrxaliiiiis at
tlio hotloni of ilic pip.-, hut .iKo ih,- surl.Kc tciiipcranirc at the trntrai
station, oliMTMil ,tt the >,imc tiiuc ii will I,,- iioUm! tli.ii yroiips .\ .iinl 1)

did not hoat appR-cial.iy. riii- iiiii;lu li.iw hcii (Ap.dcd ,i, tli,\ w.ri-
very close to tlio vi\^(' of llic pile .md the extern, tl ti-mperatiire w.i- .ilniost

constantK ImIow zero. ( )n tlie other li.uid the inner i.,Toup> ,iiid parliciii.irly

group (' in tlte tinvenlilated portion iie.ileij very de. i.iedK . Thi' tempera-
tures shown in tlie table ,ire only those oliserxcil .it liie liolloiu of the pipes,
and considerahly iuKlier leturd- were oii-.ir\ed .11 dei)tlis of from >ix to
ciirht feet in spile of liie f.iet th,n tile pilc> was .it liii- time e,,.,Te<l with .i

foot or two of -.r.ow.

I-.ariy in I'ehni.iry a miiniier of iron o!>servalion rods were driven into
the uinentii.ited |)ortion of t!ie pile partieul.irly in the neiKhhourhood of
grouj) (', .iiul on Fei)ru.iry lOsome of tliese were found to he hotter th.iii .my
of the group C pip's; therefore .uUh'tional pipes were <lriveii to a depth of
ahotit ten feet at these points atid d.iiK oi)servations were m.ide until
Fehruary l.S when the owners of the pile concluded th.it the he.iting was
ippr<.acliing the d.mgir i)oint. and the pile must he ventil.ited. On that
day. therelore, the ohser\ation hut was nio\e(' from its origin. il position
M, to X. Fig. 62, and the whole of i lie he.ited portion of the pile w.is opened
up hy the usu.il method of driving two inch hars to the hottoni and with-
drawing them .IS expl.lined on p.ige 15,^

I.MU i; I.I.

Detailed Observations of Heating in Angus Pile.

_
(7'.,r (T il»<t lirunttm)

D.itc Tel). 10 u 1.^ 14

44

l.S

44

.?0

10

4.'

20

.^0

>-
M.ir. 6 t) 16

l'i|)c(I 6 ft.

1.S

7 fi . . .

nil
4.'

: 4.?

4,rPipe ("2 () fi 18
10 ft

2'> M

,S0 .S.>

M
Jo
14

.S5

.S5 ?

4.S

4.S

M

.SO

4K

2')

2X

41

M)

20 18 1<)
ripe ('4 () ft 2\

1<»

s f,

10 ft

^

47 M) 22

rip.' cs f. f, .

2^.s f, 10
10 ft

50 4.S ... 40
4.<

42

42

.<1 20 19
I'ipi'Cf) oft

S fl

Of, 40
10 fl ....!.... 17

N'OTR,—This iiurtinn of i!i.- [>ilr wli-; inp
tim.' It had h.-at(*(i to siuii an .-m.-iu Hi
Thf ventilation holes w

iitilatr.l truiii D'i-'Tiihr l(t iimil i-".|,r>i,irv 1 ^. hv which
Diisitl. n-.l 11. (.-., .irv lovntil.u- it in oT'hr X>> ,i\-}\'\ tir--.

n-n- lir.v.'ii iii th- iniial w .iv .m ("•l.rii.iry 1 .>. a-i I th.- p:l.- inini-Miat -ly l>.-i;an to

iir^"t::5afrj.A.



T.ihlc I.I, p. \(t.i. wliich i,'i\cs a dctaih rccurd of \hv tcmpiTaturf at

(lilTircnt (l.|iili> in iluL;roupC pipes, slii.w- tli.ii ilurouli of tlii, vtiitiiati.jn

\va> an ininicdiali' .ind (dMip,irati\<ly r.ipid (ooliiij,' of the co.il.

l-roni .1 sciinlitic poinl of \ iiw it i- lo In- rivrilliil tlial the luatinK
could not l"i\f lutn pcrniittcd lo |)ro<<cd funlicr. if p<i»ililc rvvn lo actual
iiriiiiion, liiit the action ol the owners of the i oal \\,i~ of c<iur-.r pcrlcctlv
rca-onaMc, p.inicul.irly ,is tiir licaliiii; w.i, in a p.irl of the pile which would
ha\i' liccn \fry f\p<iwi\c to dii; oul or llood.

It is inlcrcstini; to note th.it the aliovc -.cries of oliserv.uions prove
\-er\ clearK- that the niaxiiniuii heatini; was coniparativeK' near the surface
ol the pile. .\s a in, liter of tact the hoiie-i poinis were apparentiv not more
th.m l'i\e or six feel from the >urf.ue, allhout;h the weatlicr at ihe time was
cxtrenieK sexere. The common opinion of practical men in chartje of

coal stora!L,'e is that tin^s iisualKdccur cio-e to the bottom, Imi in this case
it i- almost certain that had the pile been left uiivenlilat<'d it would liave

i^nili d within a week or two at a depih of not omt six feet, and in certain
other cisi's whi( h the .uithor has ol)>er\i(l. tins in larj^e jiile: ha\e actually
orii;iiiated at this depth. The proluiMe reason is that in a pile of great
extent and depth, the coal in the lower portions is so hi .i\ ii\- coni[)resse(l and
so isolated from stipi)lies of fresh air that it (1(ks not receive siifticiont

oxyiiifii. It must l>e confessed, however, that the persons responsible

for coal storaKC arc not willing to act tipon this theory, which, if followed

to a lopcal conclusion, would lead to the storage of coal in verv deep piles

on ground impermeable to .i;r.

General Conclusions and Recommendations.

It is dear from wh.U has been said in the preceding pages that there

is an enormous difference in the liability of coals to weather. This explains
the fact that in spite of the very large atliount of exi)eriniental work which
has been done on the subject, authorities still differ consideraliK- as to the
causes and prevention of deterioriation. .\lmo>l every i)iece of rxperimental
work which has been done has been upon specific coals, usiialK in mi .i single

district, and the conclusions arrived at have naturally referred priniarilv

to these coals and onh in a lesser way to coals in general. It is therefore still

itr.possible to forinulale any comprehensive rules for the pri'vention of

weathering, but nevertheless it 's desirable to attempt to close liiis section

of the report with a summary statement of the opinions of the most com-
petent authorities.

The sul)ject nia\- lie considered under two heads: lirst, mere deterior-

ation or los> of calorilic value; second, spontaneous combustion resulting

in the actual destruction of the coal.

As U) deterioration due lo expo>ure irrespei ti\e of fire, it is a \ery
serious matter with lignite, as has already been pointed oul on jiages 26,

and 151. and lignites and lignitic coals cannot be >tored more than a few-

weeks or months at the most without becoming .ilmost valueless. Bitu-

minous coals suffer less, but gas coals deteriorate snl'ticiontly in respect of

their gas pnxliicing qualities to make the question of long storage a serious

..il.LM&s.'
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n.u. i,, rnanv .um.. I x,,,,.,,,-.- al-,. r.q.Mlv .l.rr.a-... ihr rnkin, .pMliiirs
..I m.iiu ..,,,!-: ilH-Mil.i.-.t i.,„iNi,k.r('(| ,.v;,.in ui, p.iyr 1 7.' ,,ii.| i^iliMi,,,,..!
al 1.'I1l;i1. in llic aui hur'. "( cal. ,.l Cnu.!,.," I.iil it i-,n..i a nial irr .,| n.tv
Kr.al cmiiiHT.ial iiiii., ,naii. <• a~ il i, laivK il r\cr d.-iraM.- |., m..,,. ,-,,al
t(ir am Icii^lh ul liiiK lich.rr rnkin.;.

^" '"•''- '"" •inlliiaril,' llni- losr mmiic nf ih.ir (ak.riti, value , .11

u.'alh..riii:^. 1,„| uiih 11,.. .A.vpiln,, ,,| llunilr aii.l ih.. Ii,ni,i, ,,uK aluA.'
rrkTrr.l IM. ilii. I.,-- rank ainouni-. •., ,„Mr,. ilian a l.-u |.rr , nil ,,| i|„. ,,„a|
tlHonii,aUalii.-.aii,llu,-,„nal>l\

I lir a, I ual 1, ,,, in mts i, v i~ ii„ialK ,s , n K-.
a-lhrmo-i -M-iK w.allirn.l.Mn,iiiii,-nl-.aiv.L;(ii(ialK -|..-akin^ I Iimm- w hi, li

arc lart;(l\ l(,>i a- -iiidkc in urlinaiN n>f.

'riK' nin.i Mii,,n. (MninuTcial (kniia,i;r \\!ii<li ,,,al mHI, r- in M.,rai;.-
i> .Inc 1., ih,. iliMiiu-malinn whirli n-iill, .iH.lly In.ni ilu- cxlra i.an.llini;
inv..lviMl,l.nialM,inpari I'n.nnvcaiiuTinK pniiuT.andin part Ipmii ihr .tinIi-
in.udui' I., the Ku-\iiU\ (,f il„- -.iip.iinrnnili.iii , nai in >l(.raL;c |mI,--. 11,,. i,,ial
los> lr,„n 111,.-,. <aiiM.> i- usually v.rv . c.n-i.k.raMr, an,| a> ,litt..n.nt rn.'xU
• lillor Kr.ally in ^Inn-ili. it is v.iy utlj worth vvliil,. Inr ptr^Mis who have 1,.

store I lid, I.. cNpirinunl uilh the Mvcral coal, availahlc wiih a view to
securing the one lea>t liaMi. to hreak up iiilo ^Iv k.

In the niatlerol ai tiial pit.veniion of tires il m.i\- \,r ,on, In.K.l that all
coal- cM-epi ihe tni,. anlliracilcs are li.iMe lo spontaneon. c., ninistion
under very unlax ,.urahle coiulitions. I,m willi the excepti,m of the li.i;nilcs
and lipiiiic ,oal-. Mora,L;e ,,f n,,M ,-,,al> i, pra,tical,le in a .uninienial' sense
III temperate countrits pn,vid,.d reasonal.le precautions l,e lak.n. These
precautions nia\ le l,ri(.th slated in order a- follows:

1. Any coal can \h- >afely slor.^d und.r wat.-r.and if silt, clc, he e.\-
clude.l littl,. ,,r n,. ,l..l,.rioralioii lake-, place. This melliod of .loraKo is
very costly, and it is, llierefor",., not |,r,iciical,le ,.\cepl as a la>i resort.

"

2. I. limp or screened coal excipl ,,f the liKniti<- varieliV:, can u-uallv
Ik. stored with little or no .lantjer. The si/., of the lump. i. not ordin.irilv
a matter ot ^rcn imp.,rlanc,- -.o Ion;; as the screeninu devices ensure the
complete renu.val ,>( slack and dust. h must l,e noted, li,,u,.Ner. that
niile^- lump co,,l i. pile,l .arefullv ,ui,l to small iui.dn ,i siiflici.nt ..mount
of criishm.L; Like. |,l.„ , i,, pn.duce dii-i in the hollom of ll„. pil... Owint;
to the c,,.t (,f s,re,-i,in;,i ,md ihe dilh,iill\ ,,f disposiui; of ihe result,ml ^l.ick
this nutho.l i- n,,t i;enerally !,ra,ti,-,,l ,le. aiul the tollowillK i„,u- apply to
where it is necess.iry to store run-of-mine cal or its pr.iclic.d e(|ui\ ,il,.nt in
respect of tines due 1,, -ec.iul.iry cnishinL;, caused l.v h,m,lliuK.

.V ("o.d sior,.,! in ,.,!d ue.ith,.r i.> much le-s likeK i,, -is^. inuiM,. th.m
that which is stored in summer. .,n,l in ca-es where summer stoniye is
necessary, risk of lu^atint,- is much less if the pile is l.nilt durini; ,l.nidv or
cool weather. In xer> lin, climates, .,r will, very su.ceptil.le co.il, .over,',!
stora,i;e may he ju lihe,! as a me.ins of pn.teclinK the co.il fron, ih.. ~un not
only during pilini., hut afterwards, althoiiKh the later expoMire is less
serious.

_

4. SlKill.AV piles are much less likeh to give troiil.le than deep ones
owing to their ample ventilation and the readiness witn which they give
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nlf .IIIV (AK—^ nt Ileal. Tlu' ( litii.ll (lr|illl (|i'|Hlli 1- llpnii lllf kuI .111.1 llli'

((»li(lilii.ii> ,il llu' lilUf i)f il- -l.ir.iKi'; -"iiu- <(m1- will lite if piled eseii i leel

(iftp, lull (ircliiiarlK fnmi S-Kl |,i i i- -.ile and main (oaU may lie -lured

t( imu h L;lealel- depth.

,=;. S(pmee(.al-,l>arli(iilarl\ iIhim- liii;li in siilpliiir, imdoulili-dK heat mure

riMilih if d.iiup, and in -tiih cix- expo- lire lu rain and iiartieiilarly l<:

allernaie wetlinji an<l dr\ iiii; i- iiniliaMy harmful. In -'«nie ea-e> (uvered

^hed-. are edti-idered ju>tilialile (.11 ihi- ur.nind. In ut' r ea>e> piles have

lieeii pnil cried l>\ (lAerini; them with a la\ er nl -1 k k n<: enal dii-l.

In connexion with thi- (|ue>tii)ii of r.iin it >hi>iild lie noicil that the

New Ninth \\ali> ('oiiniiis-.ion advocates wetting the '"al llioronjihly

at the time of >tora;..;c, the refei-cnce licin^ partiiularK to -hii)>' car^'M's, and

while tlii- is contrary to ordinary practiie it i- extiHiiicly probable thai

many coals woiil'.l >laiid more >afely if treated in thi> way.

(1. Wntilatiun eillier by tl." niean> docribed on pap' 152, or by the

insertion of numerous perforated pipe> is no doiibl the most practical

method of prevtiitiiiK tire>. and by it> n>e storage piles can be made larger

and higher than olhirwi>e. This method has been mi fiilK disciis>ed that

it nee<i lot be further dealt with here.

7. Chemical treatment has proved Micce>>fiil in some cases. The

material u>ed is coinmonK' liiher a M)lmion of calcitmi chloride or of some

other cheap hydros((ipic salt. Sever.il exi)erimenters and com-

mercial concerns state that lliey ha\e found it effective to sprinkle the coal

pile freely with a 10 per 'enl solution of c.ilcium chloride. The cost (tf this

treatment is possibly less than that of ventilation by the metluKl referred to,

but whether it is e(iually effective remains to be detirmined for each par-

ticular case.

8. Whatevermethod is used, and particularly in cases where no method

of prevention is emiiloyed, a storage pile should be watched carefully, par-

ticiilarh for the first few week^ after il is built. I'robably ihe simplest

way ofdoinj,' this is to have a larv;e mmiber of sharp pointed iron rods

abiut one inch in dianteter driven imo different i)arls of the pile and left

for a few hours, and then to shiii them to other parts. An experienced

man can verv easily judije by handling' the mds whether there is any undue

heatiuK. anil a comparatively small amount of labour suffices for the ob-

servation of a lar^e storage pile. If heating' is obsei\ed it can be watched

by driving; pipes into the heated spots and Usint; thermometers as already

described. If the heatint; incr i-.»s to a point approaching that of "aulo-

Kenotis oxidation" the pile shouK' be ventilated or if necessary dug out or

tl<ioded. .\mont; practical men there is a \ery strong prejudice against

lioixling, but probably this is not often justified. In place of llooiling

the use of suli)luir dioxide gas or carbonic acid gas has been advocated.

These gast's are purchasable under high compression, and can be forced into

the body of the pile by means of ]iipes driven down into the heated portion.

Co.d mine fires have been extinguished by this means, and il has also been

used on board ship, and it undoubtedly woiilil be effective in ordinary

storage if the ga.-, were used freely.
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CHAPTER VII.

THK Kl I =;(T (.1 s|,,\v \VI \ril|.K|\,; , ,\ ,,,, , oMP,,sItAM. (AIOKIII, XAIM nl , , ,m
, \\|||, (,s|.|(|.\l

U)\

Ki.i i;ki:\( I i<)( i,i<i,\i\ , \\ \|)| ^v^

< Ki; l.\( I.OI s ( OAl.s.

rn.i,>n,u.ror.lnMn |,n -.•„., I,,
v ,

, „„|i,„,n. ^ .-n linl,- , in,,. |, I,,,, l.Hu,...,,

cuss..,l „t ..,„„•.. „..,v„i,a,.. ,h.. M„r„.... ni ,,...r,„ , ||,„, ,„ „„, „,,,

till' \v(ir

>l.nmr,|,„,,...,.MM„n,.r,Ml,.. l,unu.,l .umI -inrM,.,! in,,, ,„,„., |.,,,,.
tlu'stur..,!..,,,!,.

,.,,r,.l^ k.,„ m,,,.. ,1,,.,, ,. I.u n,.„„l>.„r,, ,1,,

'

>-ar, an.l .,n ,1,.. ul,,.!., .h.-nlnn. .,,,,1 1,.„ ,„„ ,1,.,,. ,„ u. a,l,..r ,„"~u.v.n.a, ..M.n,. and i.Au. .wniMhMi.nh..- u.. Muv .av Mm, in a .on
st-nsc c.mI (I,,,-, nc,| filler tniicli Id,- from -

Kfls. anil il.al (Jiir.Lircal (.lutTii with ili,.

nil ucallic'ini; a- il i>r<iinatil\

m.iiitT i-(lni' II, liir |-i,k (,f tire and
t-.tal .IrMrn. ,i,.n ra.lu-r ,!,,.„ ,„ ,n,.r.. ralurili,- .I.l..ri.,ra,i„n nr

'• l.n.l,I..n, ,.r .N,„ u..all,..nn. i. ,„,„..,,, ,, . ..n.,|..ral,i.. .i.nlili,nU„M. and ,. „ .„ ,, „„„, ,„„,„,,,, („„„,„,„,,,. ,,^ ,^ „,,, ,,,^ ,

.. upn.du..u HH..Mra,u.r.,r,,,..d...,,..rpar a .-.al ..an, ,n„„ ,1,'
amr)Ii's of wiallicrcd coal diM(,\tTc( II I he onlcrop.

In 1S05 Fleck- invcMi^aud .lu- nainr.. of Hu' .han., - .hi.!, o,,,,rwhen co.il i- wt allured. In \S>(, a ar^v (|iianlii\- o| ,a( li ,,f ,ix kinds ofSaxon eoal had Invn simpK-d and anaU .d. Tin. nniaind.r of liu- .uiipl.w
.nu.n,,.w.n.k.p,„n,il,S.5ina..a..aMh..,N,K,,.,,ni.,„,,^
<Un, ^^lu.r.. liuv u.r. auain >a,npl,.,| and analv-.-d l,v M.rk. Tl,,. reMih-of thcso anahx-- arc shown in lai,lc l,||.

I" will iic Mcn liial the pcr.vnia,.. of a-h ,. vcrv iiuuh larger in the

;;;:',',;:;;;
''^'^'-•" :'•-' '•-->'-- Thcinaitcrc^nstii;

s tu <aK> al,oii, IS percenn. ii nuKi therefore i,e inlcm.! thai the->1.^ analys.| ,n IStodicI not contain the -anic proportion of ,nor.a,,cauer n>pe<„veiv as tho.e analv.ed in ISm,. and while w..aii,erin; ,„,:^Hth^edK c aised pat. o, this . haii.e. had .iniplin, .m-t |,e respon-ili;. for
. It ,s ihere.ore .n,po..,|.ie ,o draw anv „„„.or,hv conditionsrotn the analyses as they stan.l. Tl„.re i. xerv , 1 .,.0,, ,„ I,,,;,,,.

<rou,h a seam of coal, the organic matter i. ,hal se.,m is „„,ch l... -uhjcct
.

anat.on ,„ c emical .omposition. 'UK.. l,e so, ...nchisions mav s 1 v
<• <lraw-„ trom Meek s h,„res recal.„l. | ,0 show the percentage composi'--^.xchisive o, ash, that is carl.o. hvdro.en. o^c and ni,;;:;:,"
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riu-^r t'lLiiiri- -li,,« i|,,,i ,Mii,lMMr .A|,.,-,i., iiu.iK,, ., |,,„ ,,| , ,|,,riii,
V..I.M...I (,..,„ .", „.s', I,,, i. ,,.v.,.,|.Mur,,„ ,|„.«.,„.,,|,„„,,,
.A.TM-.r,,u,.m iIh ,,,,.„. V. pi ,„ ,1,. ,,,.... I hi,!, Mili.luir ..,,,l-«i„n .1,..

.Ai.|..nun Ml ' l„. ,,x ni,. vv,,„|,| . ,,„.. ,, l,„^,- ,liM„i..^r..iinu HI, , t |„ „„,.t
1-..M., tl,.. I,,.-,.. .,,,,H.,r I.. I„ ,„,„l„,.IK

,,.,„i.|, I,, in hv, ni.mlli- >>ul,.
ni.ruf.l .,mU .|„,v^ ,„.,Hi,.,ll> ,„, |,.~- ,,| ,.,|,,ni„ ,.,i„.,

s..ii„iimin-,,,rri;i\rniii ihc lllinMi->>..,i,-(.,-.,|,,^i.,,lM„A,.v v,.,r 1 k
for I'»(I7 ,l„,«in^ iIm^I.w,,,! ,,,l..,ii„ v.,l,„ ,. ....\ .,„n|.l,..| ur.,il„T-
iMir. Sunir ul 111.- ..unpl,, «,n- ,mi,iIv-,,| 1,v i1„- |!|,n.,i, M.ih- ( „ ,.|,,ui, il

Survv ,h„l .h ,, I,. Ih.l nil.., I SI,. ,,.-(.,., ,|,,^i, ,| s,,, ^ .v , |,nl ll„„„ilw«U
..I .in.il\-i~ w.r-- liii- >,iiin' in lioih ,.,„-.

N-vnicn lllin,,!, S,.,f -..nii-l, , uln.l, l,,,.l I,., n .is n„,nilw i„ il,.'

"•'l"'t..|.„A ,l...vv..,|.H,,,N.r..^.lu,„,| <roli.ll, I ,,rJ.5',,,li|,...,|,,ril„ x,.ln..
a>.l.l.rnnn..l lr,.in ,S l„ii,,| s,.,i.-. < ...,.|,,.i. .,| Snrx.A ~,,.n|,l. - ,,n..lv -.-,1

s.H,M .ilU-r .„l!...n..M. .\n...l„T I,., ,,| i; .„n,,l,., ,,n,,lvM,| -ix niunlh. i.,

one \c.ir aflir ...lit. lion x|i,,\v,.,| ,m ,,\ . r.iu.- I,,,, ,,| <(,5 |{ ||, 1. ,,r
'

t' ,,|

tlKTal-rili. ^.,lu.•.l,.i.l.rlniM,.| in ,|,.. „un.- I..l»„,,i..rv l,.„n l(,',..,n|',|...
an,il\>c.| uiilnn i\\,

. u, •,!<. ..I ili.ir < .ill.-. ii,,n.

White', in .; v.ry \ .ilu.il.l.' ,rili..il Mii.h ,.l il,.- inmurMi,, ,,n,| mum-
worthy uliini..lc ,.n.,lv„., ,,f ..,,,1 ni.i.l.- I,y ll,.- I nil.<l Si,.,,, ( „ ,,l,,^.i, ,,|

Surv.viiu,,nii.M-,.iMviih il„iriiiv.>ii^;.iii.,n,,tih,ln..|>,,|,lu-l nih.ISi ,i,,
pr.m. ...n, lusivdy ll,:,,, •,.xx^,,.„ .,,,,1 ..,1, ,,r,. ,,, ,,.rv „,,,rlv .MiM,,! .,nti, ,,l,.r-'
ilK v.ilm.. aii.l thai -the ,al,.rit„- val,,.' .,1 ,,,,,!, ,„ ^,,„,r,,| i, .•„,„, i,, IK in,li-
calcl l.y ihf i.ala„,v L.tw,..,, ,!„• t.,ial . arl,.,,,. .,n il„..„w i,,,n,|, ,,n.| il,,. ^im
(.flli.lw..ur,ali,n|„iri,i,>,.AyK.t,an,|a-l,,„ntl,.,,ih.r.tl,fhv.lr,.u.n

nitr,.-
j;.n.aii<i>„l|,|„„-|HinK.is,i,,l|y,„^;lij,i|,K.,,,.,,,„,,,„„^;^. |„ ,„i„.r „,„,;„ ,|, it
(.xvKf.). ivrn wh.„ a„ ,»,„, i,,i. ,.,. ..ri^in,,! , ,,i,Mit „,.„t ..f ,,,,,!, ,, i„ ,,

pra.li.al musc, m, mu.i, a,l.!iti..,ial .l.a.l ,„.,i,,.r ,,r ,„l,. ,,„.! -l>,.nM !„. .„
conM.itri.l i„ oiimaiiiK ilif UMl(i|„t>^ ,,f ||„' c,,,,! a> tii,l.

!!, taJMilaf, ah t

.
iim .v..rthy anal> ms In.n, all |Mrt> ,,f ih,. init,,!

St ,tfs, an.l lr..„, ,l,..>.. h^nrc. ,|ra\v> a <nrvr uhi.h I,,.. !.,,„ r.|,n,.ln.-.| as
K. ..S. In ,1,,^ .hanran,. tlu- ,arl..,„ ,.,„| ,,xx^..„ ,,|,„ ,,^1, ratio- t,,rm the
hon/ontal, an.l ,!„ oI.mtnv.I .-..h-ritu- >,,!„.> il,.- x,-,ii,-,,l ,„n.p.„..nt, atui
ol t,l„.,^2(),„!,lanaKM>,al,„latc,i,.anKinKli„n,a >ampU- „f p.,„ with
-M-

! Mxym-n, „, M.nic xvi y hii;h .ura,!,- Mnii-j.innnin,.,!- .oak an,! anti,-
ra.Hc, from \\i.>t Vir^ini,, an,l l\n„>vlvania, n,„„- ,|.p,,ri n,,„iriallv frotn
a v.ry rlear ami iiarnmly .hCn.,! ,„rvv. a„,| I , u ,

,.v ,,,„ w,atl„r,-,l .ainpl,-.
an.l rannc'ls, (k'part l.y morcihaii a Ira.ii.m ofmu p.r.-.ni. \\l,i,,- innl„r
P">iu>..„t that illlu'a„alyscsa„(l,-,,l„rili,v,.iursar.'n',-,,l,„!a„M|t.,,, n,ni,.
lure friv l,a„s, the resnils .ly.iin '•

,1! int., a -in,ilar an.l .,|Mallv dear ,„rve,
I he ease ,,l the lannei ,,,ais nee.l ,„„ Ik- .rseiisse.l here; Init White

points ..-t that the vveathere.l e.uls inv,,rial.i:. six.w n,,,rk,,l .,,l,,rir.e
'lehnen.

,
s, arl Kiw ii\,lr,>j;en-().\\ ^;e„ ratios.

nyTSi^ilrlfjiT, „f C-
I'll l-xii l(.;.niit fnim

i;,.;:. .IS. r.s lii'r.-.iu III .\,ii..<. I'ih. ,,,,, i.iin.

i ...r :™i??;„i:,^- '^:;;:ii ;;l,;i;;;.;^^;:^ri';':;i;;rKiu!'"^7;;,!r^i"ri:'
•"

'

""'-' '-'> --

-=')!*'*. M. »"'j>Kw.U
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Wliiii ihiii •>liii|ii> ilii v^l.lllllt(l| -iMiiili-, li\ tin rii--( Im^. .iiuI liml-

ih.il iii.in\ ip| the inc. II iiii-i.il.|r ii.,i|- u,,illirr •|iiili' .ipjirt i i.il.ls . i\.ii in

|.im- limit lun.iiiiil it inni| ii.uivcK ni-.ir llit- Ninf.irr, ami lii.il iMii Ir^^

illHCililililr ni.ils Ittuill l.> .ili^nrli ii\\K<n .l» -non a- ii|M 111(1 up |p\ lilillillK

«)|Mr.ilc.|». ami In Kiniluilr, thai ra-i-, nj alpMirpiimi of fruiii Id', to . \in
.'<!', ol o\\i;iii 111,1 III I oii-.il hill I "ill iiliii tAiraorrliiiars iiur i\cii 'i'lii-iial"

in villi l>iluiiiiiioii> jciaj-, ami thai liyiiiii - aixl peat- iiia\ -utter -Mil iiiorc

'I'alilf lAI -liow- two l\ pi< al an l\ -< - -< |c . i.i| |,\ \\|iii,-. of rnlaicoiH roal

liotiim ar ImiSiii l,\V\o,iiiin^ AiiaK -i- n pri -iiil-aii iinvMallunil samp!*;

IroMi iiml rt;r uj mar ilic loot ot a -liali H ilic -aiiir -aiiipif rccilculalcd
In show (111' I Iti 1 I ol lilt' li\|Killiilic al aililiiioii of Ml', of ow^^cii, ali<l C
llir arlii.il anal\-i- of a wtallnrrd -amjilr ot ilic -ami' roal from nrar the
siirtac (• al an oiiii rop.

I Alt! I. ' \ I.

Comparison of Fresh and Outcrop Coals to 8ln>w Efti'Ct of W')atherlnft.

((•K5 5 16 (),( S7

0-77 4-70 57 HO

.M 40() !X0.86

I

Mi.i!.-

1

.Vli i liirr
I

I.e. I II.O.

2.' -OX .i-m 1 8.7() SX-,»<. H-2

J'M4 .\-4(, 7-91 -
I

-

iOM) 4- 12 I <)..U I
5X-57I !«•.?

< urvf

Av.ll Cil, l.rror

2(»2 6,M0 f.«0

57.?6

1.2.? 56,<6 -219

In coiintxion with lii> >lii(Iy of the i-fTfCt of oxvmii, White considLTS
the matter of eokinj;, ami call- attention to 'he fad that nearly all rokinR
roais have a dry basis hydroKon-oxynen ratio of at 1( ist 55 jht cent, ami ^(mmI

rjkiiiK coals 59 jkt cen or over u,) to the Ix'Kinninn of aiithraiiii/aiion

This conclusion is of special interest in i
' itioii to the elfect of weathering

on rokinn (|iialities.' White has found as already slated that wealherinR
materi.illy lowers liie h\(lroKeii-(/xy>{en ratir), and as suilaliility for coking
decreases rapidlv as this ratio falls Im'Iow 50 per cent, it is easy to see that a
relatively small amount of weathering may pnxluce a |)rofound etTect on the
coking; (|iialities of a coal in whicli this ratro is close to this limit.

The Cnalinf Cr via. J. U. Porter ind tithi-rs V-1. !, •ft.), ,r,.l V..! VI, r.r. ,'ft-7

r-^^m
JW-»-t'*.',



1

I

Ĵ
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Porter, de Hart, and Billington's Studies of Old Samples of
Canadian Coals.

of .1,.. (;..„I„,i,,| s,,,,
';,:""'

'^r
•" "" ^'•"''•-i:v „! tin. l.i,v,,.,r

cl.'..|lv fn„n \ll n : ^;. ' -"V '"""/"v-"'
^"""'•^ "• ^^^•^-'- --I^-

<"-•'- Tl-.. „, i:.::r'x ''-",;'"• ' """['•' ^''""-'' ^'-'.m at

>k.lds.,fSo„,lKr„ Allier,!'
" '"'''"•"' '-^-'-" t-nmsnc., Pass cc.al

t'K. r' s;;':::";^:;;:;;:::'::'.;;:^?^':- -^ ^'^- --- -"^. a-ui .........

c-al Su,v..v lal,..ra
.;'':". '^ 7'"^ ""

T'
'''"' '' "^^' ^'^"'"«'-

-.th.,.is as .uLj:t M a
;;:";' " f"^^—>- -'i-^-n^

to no,c .ha, ovcTv.hi,,,. „oi s o , ,•

'^
""^"r-'niK and satisfactory

Hie sami)K.s as ohtaiiu-d from Oiiawa it, l<)r> hv tK ..
far as possible r.,,r.sc.„,a,iv. of ti,. n"s h ^ v

''''"";""• '''^

muscHMn, par,!vl,„„pa„dnar,lvn J ;.
,

"
^^^""/'^•"'"'-l '" tJK-

'"":::::t:;;:l:*;:i::ii-'";"r"::'-

l-^-'i, ft se(|., ,.x,vpt as noted I.cl.nv:—
Jiue II, page

'
' ' '' •"'" '"""'' ~" ^""- Dei"- "' Mi„es. Ottawa, 191 •. Vol. II, p. U4.

li-i. J. i;. r.Mi
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Carhon anil II\(lro<^ni. I'cr ilu-c (Itiirmiiiaiioiis Milpliiiric arid
ahsorplinn trains wire iim(1, the drying' iraiii ( (unprisiiiK MiitaMc vcssrls
rontainiiiK: (1) Milphiiri,- a.i.l. (

_>
I M«la liiiif and cal.inni chloridi-. (,<)

poIa>Miini hydroxide M.lnlinn. l4l sulplmnc- aci.l (nrxl tlu' ((.nilnislion
XwW). wliilc ilic alisorpti.m iraiii coinpriMd: (1) suipiniric aci.l (next the
(oniiniMion hiIk), i

_'
>
p.,ta>Mnni hydroxide soinlion and eahinni chloride,

{M Milphnric aci.l. i4i sulphuric a.id. The last sulphuric acid bottle was
used t.> prevent an\ moisture .lilTusitii; hack from the .ispirator l.ottKs. In
all oliur respects tli.' meth...l was similar to that Kiveil in the (.)al Riport."

Mlro'^cn was d. lermine.i l,> Kjeldahi's method. The oiiK dilTerence
between the melh.id used aii.l that described in the Coal Report was that ii.)

mercurx was added and ens. <|iie.iily it was imnec.ssarv t.i add sodium
sulphide.

'-'

'J he ailoritir value determinalions were made with .i Merth.'lot-Mahler
calorimeter.' 'Hie temperatures were read as in the .l.terminations
made lor the Coal Report

'
except th.it an ordinary therm.mieter graduated

I'll.. 'i4. I'lioiiipsdii c.iloriiiuttr
I 'It llarl.)

to i', of a decree was used instead of a Meckinami tiiermometer: this
tlierm.nneter was re.id b\ means of a telescope. The calculations "Aere
nia.h' as in tiie C.kiI Report'.

The water e(|ui\alenl of tlie calorimetir was determiiu'd indirectly
by lestiiiK' a coal whose c.ilorilic value had already been d.-termined on the
Koehler calorimeter. The meliiod used in deterniinini; the water etjuiva-
lent of the latter ami the method .)f making all calcul.itions is descrii)ed
in the '"oal Rejiort" and need not be repeated,

' hII'i *"','''u'/

''-''"'"'•' " " ''""'' •""' ""'"'* ' Vol".. Di-iil. uf Mii-.fs, Ottuwa. lyij, Vol. II. p. 1.1(,.' Ihi-I. p. 117.
' " -.-.-... ..-...,...,.,,. 1.

'This .i|.|«ralii.s whidi i;i .l..srril..<l l;y TImaiti- in Journ. Iron and Steel Institute for 1K')2 is si.lut.-jnti;

I'iX'k l,^V, , tJ^ ''\ '^"""""' "<""' to in the teiH.rt cite,!. The Koehler apputatua is, howe'
ially

ever.

•ll.itl, p. 14.^.

• llji'l. lip. I.S|-i.

" Ibid. up. l.M-4.

I

•I
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H„flman„ ,l.„.r„n,u..| ,1,.. c,Auui\c valu.. ..f hi> ,oal> in 1SS2-,^ wmI, ,1u-

m x..m.
.

I,ra.> !.,>.. C, ..„ whi,.|, ,1,,. .ylin.UT is pla.v.l. an.l a n,p„

;t;:n:;^;.:;i ;;::.;;'""-- '•-•--"-..- ..pip.. „,.„..;:-
It i> ul.v i,n,.lv i,npo.Ml.l.. ,.. ,l.,..rn,i,u. ,1... ..xar, a.nuunis .,1 .lu- errors

-" H'.'«ln.a„„ . ,l..,..rnn„a.,o„s .luo ,o ,h.. .... of ,l,is .o.npara.iv.lv rec-.lor>„,c.u.r. parnailarly a> no ,i,nr... ar. asailal.K. as ,o ,1,0 amount orcomposU.on o ,lu. fusion n.ix.ur.. us..,l l.y l,in.,oras ,o ,1... .xan
' "

icmwhuh was „,a.K. ,o
. „„.p..„sa,.. for ••|oss..". ,n onl.T, i,owcv.r, ,o , .p

"

I
I

I'l'- 'i.v H..Mlul„t-.M.ilil.T,al<,riimi,T.

i'l»'a of tlu/valm. of his liKun.s, ,1,. i-leniiral .alorinK.,or usc.l l.v him was

h I .rnu.|o,-Mal,U.r .alorinu.u.r,
, Fi,. 65) was r.-.ic.rnmu.d l.voi tills I hompson mstrunu'iii,

the texl'ho!!?" f^""'7-'>'»"!-<>-' for the Thompson calorimeter in

but uL n,r '"' " r"r"""
'""''^'^' •" > f^-' «' ""^---'" nitrate,

I u this nux.ure was foiin.l ,o i.e so fusible, that a crust formed on the top- 1
a poniou of the mixture .lul i,o, burn. Hence i, was nec.'Z to t"eles. potassmm uu.a.e. which i. the more fusible of the two salts, and a m x^
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turc ..f 17 |urt- ..I .hlor.itf .m.l ! ,.1 iiilr.itf was sum-ssfully ..inplny. <1.

IVn ^;r.inuii.> ,,| fnuK j^nniiul en.,! wtiv mii\.i| wiili 20 ^jniiiiiiifs of this
liisioii iniMiiiT .111(1 tin- whole ir.iiisi.n.d lo ihr .o|)|),.r (\nii(l.r, a small
aiiK.iinl ai a liiiir, ihc w In,h I Mini; pa. k.d down, xciilv. Alioiit half an inch
of Ills,- \v.,s ins,.n,.| in llu- lop. I i,i. fuse was pr,|urf.l l,y soaking a
thrt.iil ol (.iilin,ir\ .oiton « i, k in ,i -iroiin sohilioii of pot.i-^siuni nilr.it. and
ih.ndrvinK it- I'll.' ...pp.r .v lind.r was then pl.i.cd in ilu-,t,nid ,ind ih.'

I.iruv .vlindrir.d copp.r cmt pnl on. I'll.' uhol.. w,i^ put into ic i;|,iss
^'''-"•'' •"'''! \i'l iiji .ind down t.> ihoron;.;hl\ -lir tii,. w.ilcr.

Ihc l.ni|>.T,ilMic of ih.' water was then taken anil Ih.' ex lind.r and st.uid
taken .lilt, rhec.iit-id.'evliiidcr w.t-(|iiickl\ reino\c.|, ih,- In-..' Iii;lii..l. ih,.
cvlilld.r r.'pl.ie.d ,ind the whole iniinei>ed in the u.it.r. When the .'oi-i-

blistioii was complete the stop,,,ck was op.niMl the w.it.T stirred, its
temperattirc oliscrved, ,md its luaxinmiii rise recorded.

.Ml the cof.pcr parts of the app.iratiis wiTc w.iKh.'d and their water
C(|iii\alent .Mlcnlated. The c..h.rihc \aliie w,i> taken as Kein^' .•.[ual to: -

(W + w) t

\V = weii;ht of water taken in K'ramnics.
w = weight ol water c<iiii\alcnt to the .oiiper parts.
c ^ weiKht of coal taken in grammes = 2 in this case.
t = ol)ser\c(l rise in temiur.itnre in de^'rees Centigrade.
w' = taeorelical heat evolved l.y the hiirniiiK of the fusion mixture.

Two e.xperinieiits with the Thompson calorimeter were run on the same
coal; they checked fairly well and the mean of the results was n. ar enoiiidi
to the value as determined h\- the Berthilot-Mahler instrument to Rive
satisfactory evidences as to tlu' suhst.mtial accuracy of Hoffmann's work.

Table lATI, p. 170, ^jives the results of both Floffmanii's and de Hart's
analyses and calorimetric determin.itions and also the theoretical calorific
powers as calculati'd from the ultimai.' analyst's.

The analyses m.ide l.y llollmann do not .show o.w^'en and nitri>Ken
separately, hut <,MVe percentaKes of oxv^;en + nitrouen". In order to be
able toc.MiiDare these analyses with de llarl'> n Milts two assumptions have
been mad.-: (T) the nitrogen has been asstini, lo have remaini'd constant
in amomit, an.l (2) the coal has been assiinu.l to hax.' remained constant in
weij,dit.

The lirst ol these a>sumplion> is prolMblv not vcrv far from the truth,
and as theamount of nitro^;.n in the coal i>>mall .onipared with the oxv^'en,
very little .-rror will be intro.hiced by it. The se.ond assumption is

justifiable if an attempt is made to estimate the peiTentaRi' of nitrogen in
Hoffmann's anaKses. Some experiments were made in 1907 at McC.ill
Univer.sitv. bv I'.le.ir SiMntfii.lfl (.n i!i-.iir<- in ,. ; i^t f i i . t"- '^" "''"'""< "<nijjtr- m Weigitt ui laburaiory .samples.
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The... -..iiupl. , «,,•.. u,,,nii.| iM p.,-,, iIuuml;!, .^(t-ni.'>h .m<l wrrc s,.nMfl in
"'.'' '""' '•" ''^ '•' I" il"' lii- ill .1 iliiM pnx.f ,,,„•. Tlic ir.iy-, were
wcklu'il In.ni lin.r .,. li,,,,. f.,,- ,l,n.,. y.-,,r~ .m.l whil.- appn, i,,hl,. rl,an^;cs
urrr Tu.lnl. ih.y w.t.- ,.11 v.rv .null in ,un.M,>u, Tl.i. ..xp.rinunt is
Ukrn a. MillM, .,,!,;,•,.,,,,,! lurll.r .,,,,,,, la-,nnp,i,.„'. u|,i,.|, is |-,,,.,l,.rj,.sti-
(...ll.v.hr la. Ml,aMl,..M„...,„„s,mpI.s «..,,. l,„Mp,,.N,.r

,' iii.l, i„ .lianuter
"i>M.-a,l ,,| ,1.1.1. and woul.l .•„ns..,,„.„,K , j.anu,. al a nui. i. ^Iuw.t rate.

Til.- n.c.-iiv .,1 ...akin:; ...m.-ulial <|iic.li,,i.aM.. a^Minipliun, as al.nvem ru.npani.u ai.aly.r, «,,nl,l 1„- i,v.n,.nu- il s,„.,.. Mil.Manr.. i„ .,.al %y.r..

7""' .'" '" ^''•^' !> nnall... t..,| l.v xs. all,, n,,,-. |, i, ,|„i,.. prd.aMr
that n,ln.^;v., or pl...>pl,un.s n.av nniain aim.,-. al,>nl,ii,.lv ,,m,lanl, luit
t i.> la.t ha. i..>l v,.| l„.,„ p.Miiv,.|v .!, I, r,nin..,|. |, has i.,rn Mi^r,u.s|..,|
thai wh..n .anipl.., a.v .„ I„. .......l t„r u, alluring a known wvIkIu of i;„l.|
.lust sho..|,| !„. ,„ix,,,l „i,|, ,h,, ,,,ii. Analyse an.l a>savs n,a.|,.'l„lor,. an.l
a.tiT roiil.l ill... 1„. coinpaiv-l will, p,..-t,r, .-..nlKl, .„,., The lalal dcfirl
i>i lli» MMlh.Kl i> ||„. la.t Ihal it wo.il.l ;„• i.npo.Ml,!,. „, „,ix ,1h. y„|,| ,|ust
.•vvnly .l„o,„|, ,h.. n.aUTial an.!, il,..n.|o,v, assays ol ihr samples taken
belore an.l atlir ll,.' i,m would he misleading.

Descripthr list of suniplr.s nmilysal.

No. I liiiuniii,.„i> C.mI NVwTastle se..m W.llinKton mine, Nanaimo.
\.iiu..u\er isl.ind. H.(-.

Seam (. t„ Ki |,. .hUk. S.m.pled 1,S7.S l.v Dunsmuir an.l Co.
(M.,llma,m. \o. ,•!,•!. p. M. ,^7, Aim. kep. ('. C. S. l,S.S2-4.)

No. 2 l.i^;i,iii.- ..,,,! ,„,,i„ M,,m ,11 CmI R.inks, Rellv rixei. All.eria. Xow
Sl.ir.m's mine. I.eihjiridye

S.ani .vj ll. thick. S.unpled 1,XS1. C. M. Daws.Mi.
iHollm,.,.!,. .\.,.2f., p. M. M). Ann. Rep. (". C.S. l>S82-4.) (See also
D.uvsoi,. li.id, p, 7()(").

No. }, Hinimin.,us .....l upper seam mi.l.lle lork Oldman river. Allurta.
•Now l.undhreik mine.

Seam ^ h. thi.k. Sampled 1,s,si, C, M. Dawson.
(Hoffm.mn. \... ,^0, p. .\I ,^4. .\nn. R.^p. C. C, S. l,Sf<2-4.) (See also
l>.iws.,n, Ilii.l, [). lOU'i.

-No. 4 Hituminoiis eo.d lower seam, mi.l.lle f.,rk Ol.lm.i; .-iver, .-\ll.erta,
Now l.tmdl.ieek mine.

Seam ,i fi. ihirk. S.miph-.l KS.Sl, ('.. M. |).i\vs.,n.

(Hoffni.mn, N.,.,?l,p. M ,^5. .Ann. Rep. C. C. S. 1S.S2-4.) (See also
D.iws.)!, Iliid. p. ]()!(').

LVlll'^«J!;Th;"'.;;?:;";';^'|;';;:,.-;^i;""';;'V:>";;'""^ '"• 'l"- "•>«">» Kivo,, ab<,v... ^ cl«,rly wr,.nK as Table

iW^^ \u--»3iprv
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N... 5 Minnuinnns ...,.1 r,,,,..r M.JK riv.r, J.vJ .nilrs al,..v.. n.outh of
u.iicrioii luir, Alliiri.i.

Seem 1 luui thi.k. S.mii|.1,m| 1,s,s1. R. (,, M,C,,„„,.i|
<M....maMn,\u S.'.,,.NIS(,,AMn. K.,., (

•. ( ;. S. IMM.M., ,S... ..Iso
.M'< oiifull. IIikI. |), (,1('i.

No. li,,M„,i„,.us n.al Mill ( ...k. .Mlur.a. O.M.n.p 4 milrs above
"nil. S,a.n,S |..'»||. ilii.k. Sa.nplr.l ISSJ. ( i. M |),\vs,.n
H..ll„.ann \.,. .^>, ,, M 4,,, .\n„. K.p. C. (;. s. i.S.S.M.) (Soc- also
Pau-uri, ||ii,|, p. <)<)(' I.

No. 7 MiunniMuMs ..„al Tiimm,! Man. jasp.r Park .ollirn , AllMrla ()„t-irop uu.-hall nul.- In-ni unnul. Saniph.l I'JIO |). |{. |).,w|i„j.(Nf (.(..>. Sninniarv K.poris I<Mn, pp. IM.4, .„|,| ,,„, j, _,i,s|.

No. S .\>alM,v,.. luu .anipl.' lak.n in >l,ati M) f.vi from M.rfa.v.

N...0 .\>al,ov.., Imm san.pl.. tak.n S.pt. I')ll,in n.nm.l at .lisianr.. of IWd
li'fl Ironi cniranci'.

iL<''
•

.^^''•^BX;^';
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.

|iniii>iiii. .

t7(l. M.iniirlniiii II il -iiiM\ III Niirllii i-l Arm Irnii r.iit<i-, I .iki- I iiii.ii;.iiiil,

Ni|.i'-iiU ili>liii I, ( )iil,iriii 111, 1.. I. ill! Irii 1,1.1. Si .ill .'IMI fiTllii I

iiii h. \ii iiiii|i.iii\ iiu ii|iiiri Nn. (it.)

t7J. Hi iiiiiiir |H ii Imi;, I liii.iiin li\ .\. Niirrp.

7'. Kniimki |ii' ii linn, I till. inn ' " "

f71. Hrni k\ ilU' |M'.ii Imii;, Ont.iriii - " "

t7.V kninli .111 pr.ll lin^, I )ii|.irin - " "

+ 7(1. \llriil piMt l.n,;, I (ill. nil -
" "

t77. Allri-il |K Ml linu. ( )iii,iriii. iii.iiii iliii 11 |.- '-l. -liy.V. \iiiip

\'^. \l.ip 111 .i,|,i,in, rr,;iiiii, I'rinin.-c 111 iIiiiUt, I'MO li\- I'rit/ < irkcl.

S.ili I mill In 1 iiuli. I Ai 1'nmp.iiiyiiii; rf|Mirl Nn. (i'>. I

I'M. M.ip -liimiii;; I iili.ili, ( nwn.inii.i, Sliiiiini;t rcc, .ind l'i)riiipiiif iji^lriila

liv I.. II. ( nlr. I .\iiniiip.myiiii; Snmm.iry ri'imrt, l'<Ul.i

V^>. (iiiitr.il m.ip 111' C.iii.iil.i, -linwiiv.; i.i.il I'lilils. ( .VTiiiiip.iiniiiv; rrpnrt

Nn. >! I.y Dr. 1 H. I'nii.

t'>6. (Ifiur.il m.ip nl mil lull- nl .Nnv.i Snli.i ,iiiil .Niw liriiiinwirk. i.\c-

iniiip.mviiin npnrl Nn. .S,<— liy 1 >r. J. It. I'lirtir.!

')". ('.iiur.il iii.ip >liimiiiK ro.il lu'lil> in .MlKTt.i, S.isk.itrhi-w.in, and
M.iniloli.i. (.All iiinp.inyinK rcimrl Nn. S^— liy Dr. |. Ii. I'ortcr.)

Noti*.— I. M.iT,« in.irkrit nt - * art- to In- fmmil imlv in ri-ji'irts.

I. Maps ni.irkisl itiii- t li.»v<- Im-i-ii iiriim-il inili-iirmiiMiiK nl i, pints. Ik-ik,- cati

\k priH^urcil w'parati-ly liy appiiiMiitn.
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+ 15.'.

I Accom-
panying
ri'|x>rt

No.
151.)

Map sliDttinj; I In- location of |K.Mt IxiK^ inveslit;atc(l in"^

Ontario -l>y .\. .\nrc|>. iScc .M.i|) No. ^>^.)

tl5.<. M.ip showiiii; tlic location of p.Mt lioi;-^, as invotiKalcil in

.M.mitolia -by .\. Anrcp.

tl57. lac ilii Honnct i>cat lio>;, .M.iiiitolia—liy A. .\nrcp.

U>^. I'ransMiission ix-at l)o«. Manitoba—

tl5<>. Cordurov peal boK. Manilob.i

-

tl()0. l!on»;y (reck peat boK, Manitoba

-

iU>\. Kico Lake pe.ii l.(>K. \1 initob,! -

tUi.'. Mini Lake pe.i! boi;. M.ini'ob.i-

tld*. Litter peat l)OK, .Manitoba -

tKiL Julius i>cat litter bo«, Manitoba

+ 1()5. Kort I'rances peat boi;, I >ntario

•!(.<. MaKiieloinetric ina|i of No. .? riiine. lot ', conccssioiis V and VI,

McKiin township, Snilbiiry district, Ont.—by L. Limlein.iTi.

(.Vconip.inyinj; SiiTnin.iry re|K)rt, l')ll.i

+ l(i)< Map sliottinK pvriles mines .ind prospicts in ICastern ratiada. .ind

tlieir relation to tile I nitril States market-by A. W .
< .. Wijson.

Sc.ile 125 miles to 1 iiali. I.Xccompanyini; report No. !()/.!

+ 171 Ceolonical map of Sndburv nickil region, Ont.- by Prof. A. 1". Cole-

man. Scale 1 mile to 1 iiuli. i .Vcompanyiiii; report No. liH '

+ 17> t'.eolouicd m.ipof Victori.i mine -by I'roL A. I'. Coleman.; i.Vcom-
panyiiiK

ti7i '• (rem Hill mine— bvlVof. A. r. Coleman i report
' No.

+ 17L

tl75.

tl76.

tl77.

tl78.

1
,>o.

" (reiwliton mine—by I'rof. .\. I'. Coleman.! \'0.)

^ sliowint; contact of norite.ind l.aurentian in vicinity

of (Veinhton mine—by I'rof^. A. I'. Coleman.

(.Xccompanyint; re|)ort No. 170.)

«' Copper ClilT offset—by I 'rof. A. V. Coleman. (.\c-

companyinn re|)ort No. 170.)

" No. ^ mine -by I'rof. .\. I'. Coleman. f.Xcconi-

(janyin^; report No. 170.)

" sliowinK vicinitv of Stobie and No. 3 mines-by
I'rof.' A. P. Coleman. (.Xccompanying report

No. 170.)

1. M,,i,s Tn;iik.-1 lliiis • .ir.' lo lie (.niivl imlv ill r.-iKirts-

2. M^ipv iiuirki'l tinis t li.iv.' li.'c'n prim. 1 inil.-|.,na.>nllv .)f l.Mxirt''. 1i>ti>-i- '- n
1,1- iiro<Mml >.|Mr.iti'ly l>y api'li. ;iTe •

•
I—iw ! #y*i^ft* . ir<or>



t1.S5.

1 1X5,1.

tlX6.

tl.X6,i.

tlX7.

+ IK7,i.

+ ISS.

tl.^\i.

tlN<),

tl'IO,

n<>(i.i

ti'>i.

ti')i.

ti'>-'.

xvii

M.iKruln„u-tri.- sum-v, vertir.il inlcnsity: Hl.iirton iron mine Ii..|.

1 'M. N.ile .'()() f,.,.t |„ 1 ,iHh. (AccoinpanyinK report No. 184.)

'''''mmi','!.
''<''.',';• '!''''';""i''"". '",'"'• "''I'"""' township, lVtcrl,oro„Khounl>,()nt,m„ l.v I-.. l.,„,k.„Mn, 101 1. SmIc J0(» foa lo 1 imh

iArc.)iiip,inyinK' report No, 1X4. i

.M.iKnHoni.lric- surviv, lielniont iron niinr, lielinont township, IVter-
«.r,„|Kh r„„n y, Ontano-hy K. I.in.l.ni.in, 1411. Sale ^(M) fretto

1 null. <.\'.(iMipanvin({ report No. lS4.i

< .e<,loRi,al ,„.,p, li,.|,„„,„ ir„„ ,„i,H., Ii,,h„ont township, l'cterl».roni:lieonnt>
,
()nt..r,o- l,y I-. I in,!e,„.,n, 1011. s.-,,le 2m fee to n '

h(.AceornpanyMiK' report No. 1,S4.)

MaKnetonietrie survey, vertir.,1 intensity: St. Charles mine Tii.ior

M.ili -(HI leel to 1 ,iuh. i.VeompanyinK' report No. 1S4.)

•)nl,ino l,y I-.. I.in.leni.in, IQIl. Sale .'()() feel to 1 i.ich ( \e

'

roiiip.inyinK re|)<)rt No. 1S4.)

) r
' '-"'H^ ","'"">• •*">•"•-> In- !:. I.in,len,.,n, 1911. Scale-ini leet to 1 inch, i .Voanp.inyinK ii'port No. 1X4.1

(ieoloKJe,,! nup, li,,k,.r n.ine, Tn.jor township, llastinRs eountv,Onl.ir,,, l,y K. I.Mi.leni.in, I'Ml. S-,.le JOO feet to 1 ineh f Xe-eomp.inyiMi; report No. IXJ.)
^^

^''' Uoll!";'!^'', '""P'' \7"'-"' i"'^'"^i'V^ '<f'lK.' iron or.. ,le,,osits,ol.HfoM "«nsl„p, llastniKS eo,M,ty.()nt,,rio~l,v K. I.in.lenun
1
MI. S.ile _>(l(l leet t.) 1 ineh. i.\aon.p.inyinK report No. 1X4.1

^''

Uolhnm't^un I--' 'u'"'-'
i"""~i'V^ <"'l>ill •""! .I-'"ki"s mines,

oll,,s,on o«nsh,p. ll,,>t,n«s eonnty. < )nl.,rio -l,v K. I.in.lenun
' " '"'•'''• - ''•' '" 1 "I'll- i.Ve,„np,,„yini; report No. 1X4.1

''"'ll'ii!,;!
'""'•

V'"''!;!'
•'"' ^r^'"' """'' \Voll,,ston township,lasimKs .ounty, Ont.ino l,y |:. I i,„|em,,n, 1911. Seale -'l)(i

leet to 1 ineh. f.Veeomp.inymt; report .\o. 184, i

^^'%\'' ";"'' ^'irvey v,.r,i,,,| intensity: Bessemer iron ore .1, posi,.

I'll. S,,ile .'IM» leet to 1 ineh. (.Weomp.inyinK' report .No. 1X4.1

•ieoloKi,-,,! m.ip, liessem.T iron ore .leposits, M.,\o township, llastinus.onnty, (.„t,ino--l,y E. |.i„,|e,„.,n. 1911. Se.ile 2(1(1 fee to nh
(.\eeoinp,inyinK'rei)ort No. 1X4.1

.\I..Ki,etometrie survey, verli.-.il inteiisitv; Kankin, ChiMs andStevens ni.n.NM.iyo town.,hip, ILiMiims eonnU , ( hu.irio --hv EIiMeman, 19] I. Seale 2(HI leet to 1 ineh. (.Aeo.mpanvin,. report

N(.l,- I. .M.ip« "urk,-d iluis t
;,r,. t„ |„. f„„„,| cMlv in rn...r(.,

".n /J'^r "'r * '"'", '"•'" l"'""^"' ""!•• "-"LMitlv o! report...Ill Ik- pro.uri-,1 s.|.ar.il,-ly by .ipiiliLums.
' "I'orir, honco



tl')2.i. ("looliinir.il ni.i|), K.inkiii, Cliilds, and SU\(ns iiiiius, M.ivo tdwiisliip,
ll.lslill^;s i(iiini\. Ontario Ijv K. I.iiukinan, \<)il'. Siali- .'00

Ifti III 1 iiu'li. AciDnipaiuiiiy rrport \i>. 1S4.)

fl'W. M,i^;ni-li)miirii' siir\cy, viTlir.il inlriisity: Kcnncily propcrU', Carlow
l<)wri?.liip, lla^.llnl;s (dimty, I tiitario - liy i;. I imliiiiaii, I'MI.
Sialc 200 iVet lo 1 iiw h. (AiiompmyiiiK rcimrl No. ISl.i

tl'>,!.i. ( ifiiN laical map, Kciuudy iinipcrty, ( 'arhiw towii>liip, lla^tini;'^! iiiinlv-

Ontario by I',. I.indirnan, I'Jl 1. Si ale 200 IV.I In 1 inch. lAnoin-
[i.tnyini; rcpiirl Nu. l,S4.i

tl'U. Manni-toniilrii- survey, vcrtiial inicn>it\ : How l.akr iron ore orcnr-
ri-nics, l-'araday lottnslii|i, 1 Listings loniilv , I Inlario liv i;. I.indc-
man, l')ll. Stale _'(H1 loci to 1 ini-li. (AiTonip,in\ inj n porl No.
184.1

t20l. Indi\ map, ni.ii;il(lilc oii iirrcnccs alonn the Central Ontario r.iilw.iv

—

li\- 1^. I.indrman, l'»Il. i .Xii-onipaiiyinj; report No. ISt.i

tJO.S. Maijnclomelri m.ip, .\loo>e Moimt.iin iron-lw.irini; di-lriii, Sndiuiry
di-triit, Ontario: I)c|)o:.its Nos. I, 2, ,?, 4, .'i, (i, .md 7 -hy K,
l.indem.in, 1")11. i.\(iom|)anyinn rejiorl No. .^(M.l

t_'0.>,i. C.eolonii ,[1 m.ip. Moose Monnt.iin iron-hearing ilistrict, Sndhiiry
disirii t, Ontario, Deposits Nos. I, >, ,?, 4, .i, <>, and 7 - liy IC. l.inrle-

nian i.\eiom|>.in\ini', report No. M).\.)

t20(i. M.ignetomitric survey of Moose Monnt.iin iron-liciriiiK ilistriet,

Sndhnry district, Ontario- norllicrn p.irt of deposit .No. 2—liy I--

l.indem.in, I')|J. Sc.ilc 200 feet to 1 inch. ( Accomp.iiu'ini;
report .No. M).i.}

t207. MaKiietoiiKtric survey of .Moose Monnt.iin iron-liearin.i; district, Siid-
liiiry district, Ont.irio: l)c|)osits Nos ,><, 0, ,ind ').\--l)y Iv l.inde-
niaii, l'»;2. Sc.ile 200 feet to 1 inch. (.Xccomp.mvinK rejMirt
No. M>.\ I

t20S. .Masnetonielric survey of Moose Monnt.iin iron-lie.irini; di>Irict,

Sndiuiry district, Ontario: Deposit .No. 10 |i\- IC. I indem.in,
1''12. Scale 200 feet to 1 inch. (.Acconip.iiu in^ report No. M).i.)

t20S.i. MaKnelometric survey. Moose Monnt.iin irondie.irini; district, Snd-
iuiry district, Onl.irio: eastern portion of Deposit No. 11- liy K.
l.indeman, I'M 2. Sc.ile 200 feet to 1 inch. i.Xcconipanving
report No. .^(1,?.)

t20.Sl,. .M.imietonietric survey, M<iose Mount. liii iron-lie.irinn district, Sud-
liur\ di.strict, Ont.irio: western portion of (le|M)sit No. tl -by Iv.

l.indem.in, l'>12. Sale 2(M) feet to 1 inch. (.\croniiian\ im; report
No. ,m?.l

1.1
tiOSc. Cieneral j;eoloKic.il m.ip, Moose Monnt.iin iron-bearing district,

Sudbury district, Ontario -liy K. l.indem.in, l')12. Scale XOO
feet to i inch. (.Accompanying report No. .^0,^.)

Noll'. -1. .M.ips iiKirknl tliin • .lie til hi' found iiiilv in n-iinrli.
2. M.ips iiuirkiil thus I liavr liti-ii priiitril iiiili'iii'iidi-iitlv iit rrpiirt^, hrnro can

be- procureil s»'l»ar;ai'ly liy applicants.

liM':^



t21li

t.'l5.

ti-'ll.

t-'.M,

*.'J«.

UM.

f2M).

t.ni.

t.MJ.

t.'44.

UV).

Sr.ile

l"r..ti.m..ln,|,|K.r>,,,,li,.,-si,, (.Hu.l.. I.v A. W, < . \ViK„„
I >' • < MHl.'^ in 1 Muh. ,.\,...,„„,,,„yi,„ r.port No .-(W

"

^\.v.,n,.a„yi,,«^u,'„„;';;^;;:,:;,7 {,;;','
/'-^''''^ '>'^'^'''". <>"-v...

Mill

^'""' " I /".m.i.l.i. Stale 100 niil.-s |„ I inch
rc|M)rt .,u. 2MI)

t-'5<».

t-'.M.

t.'.Si.

iiiK 'liMrirls, V„kun. Scale .{,S ,„il,.s ,„ I i„,.|, -|,y T \ \l ,rl .. ,„l.Xn.iiiipanyiiit; rL-|H)rt No. 2_>.'. i

^ '
.

•\. .M.itl.iMii.

IM-nn MH"in, .hMrl,-,. V„ko„. S,al. J ,Mi:..s ,., 1 i„d,-l,y T \^'1. I.I, ,11. i.ArCDiiipanyiiij; rt'iKirt .\(,. iJ.i.i * ^
•*•

(.Accoiiipaiiyinj;

In.lcv map of Cana.la .showinir inpsimi ccurrcn,-.., ( \
r<'|M)rt \i). _'».S.)

h s.M' ""1 'KiiirrLiu..^. (.\ccoriipaiiyiny

|>aiiyinK report .\o. 34.S.)
' '

"" ''• l-Ai™!"-

.\o; _'4.=;j
""''" '" '"^''- (Accompanying rc|x,rt

.Map ( ;r,iM,l Kiv.r Kypsnm <lep,.si(s, Ontario. Scale 4 miles l„ 1 i,,,!,(.\ccoin(ianyinn reiMirt .\o. 24.S. i

' '" ' "" "•

''"

No'
M-i.ol.a kypsnm Co.: properlie. u\ccon,panyin« report

lut to 1 inch. (.-\ccompan\iriK re|M,rt No. >.S4
)

to 1 nuh. (.•VTonip.inying report No. 2.S4.)
"coo icct

><> 1 null. (.Vo.nipanying reixirt No, 2,S4.)
^^''li -'l' tcct

lArcoinpanyin^^ reix>rt No. J54.)
^-^^ait. -v/u kcI to I null.

!' —I- M.ii.^ fll.llkcil tliiis * iri' ii> !..> t .,,1 t •



t2,i,<. .M.iniietoiiU'tric »urvi\ , M.irtil or WiUciii iron mini-, CalaUjuic district,
Kcnfriw CDiintv, Ontario -liv !:. I.iinlirii.in, 1911. Sule 200 fe«t
to 1 iiu h. (..ViomiianyiiiK rr[xirt No. J.SI.)

t261. Ma^jnetoriiitrii- siir\oy, Norilie.i--t Arm iron ranKi-, lot iW IC.T.W.
I.akf TirnaKanii, Ni|)i^-.inK district, Ontario—l)y i'.. Nvstroiii.
1W,<. Salu .'(Ml hit to 1 inch.

tihS. Map of piat lio^s invcslJKatfd in (Juchcc—by A. Anrep, t<»l.'.

t2()9. I.arsju 1\m licld peat Ix));, Oueliec

t-'7(). Small Tea I'i.-ld pr.ii lioj;, (,)iicbcc

t27l. I.anoraie |HMt bo^, Oncbec

t27i. St. Ilyaiintlu- i«Mt Ik)r, OiuIhc

t27.i. Kivicru dn l.onp pc.it lioy

t274. (aconn.i [K-.it boi; •• "

t27,^. I.e I'.irc pc.it boi;, (Jucbcc •• »

t27(i. Si. Denis pc.it bo;;, Oiic'bcc ' "

t277. Riviere Oucllc jK-at bon, Oiicbc( • ••

t27f>. Mouse Mountain peat Imji;, Oucbec ' "

t2H4. .Map of nortlicrn iiortinn of .Mlnii.i. sliuwiuK |Kisitiori of oiitiro|)s of
l>itiiniinoiis sand. Sr.ile 12;. niiirs lo I inch. (.Xccompanvini;
report .No. 2.m.)

>
. ^

t2<).?. .M.ip (if Dominion of C.ni.id.i, slioHln^ the occurrences of oil, n.is, .md
t.ir .sands. Sc.dc l')7 miles to 1 inch. i.Xcconip.invini; reiH)rt
.No. 291.)

.SI
t294. l<ecomiaiss.incc ni.ip of part of Albert .ind Westniorl.md (oimliis.

New lirmiswick. Nale 1 mile to 1 inch. i.\cciimn,mvim; reiiort
No. 291.)

I
.

s
1

t295. Sketch |)l.in of ('.aspc oil fields, Oucbec, showiny location of wells.
Scde 2 miles to 1 inch. f.\cconip,in\ ini; report N'o. 291.)

t29A. .M.ip showins,' i;.is and oil hehK .mil pipe-lines ic. soiitliwostern ( )ntarin.
Scale 4 miles to I inch. iAccomp.myini; report .No. 291.^

t297. ('.eoloiiic.d m.ip of .\lbert.i, S.isk.ilchewan. ,ind .M.initob.i. Scde .i.S

miles to 1 inch. CVcompanyini; report No. 291.)

t29S. Map, Keolo^y of the lorty-nintli p.ir.dlcl, ()<;,S(. I niile, to 1 inch.
(.•\ccompanyinK rejiort No. 291).

Nijte.— I. M.ipa iii.irki'fl thus » are u. hi- fdimil milv in i.-|,..rn.
2. Map.s i]iarkc-i| thus t have tnt'll ijriiitcil inili'|»-ii[|i'nl!v nf ri'por's, liiMiCf can

be prorurcd separately by apphtant;!.

m^FfM^'^iism



•"'
"'p;r£.:s„;j":i;;-'r"i,"'ri,f-"'"». o,,. „„„

f<H ;o 1 in.l,. - -^^ "• '^- K-'I'M.son, \<n^. Scale 2(K)

1 iruli. - '-'"iiiiiMii, I'JIA, S:,,lc 2(J0 feet to

li'i-t I., 1 i„cl,.
^ '^^ "• '^^ l<"l'MiM„i, |.;|s. S(.,|e 2(»0

tU<». .M.iHiic'lunktric i,,,,,, ,,. \tli-„L. .„ •

f .M.i|is marked thus t h uc•eparately by appl.-ants.
'" """'"' '"'l"'-i.-".I.v ,„ H.por... hence can h. procured

;:'^i



tUV M.tKiU'l»iiirtrl> iii.i|i lit Alikokaii iroii-UMriiiK (li-'iiln. Milr I'lM

Nil. 1 til, ( .111.11 1 1, 1 II .Niiillirm I. Ill w.IV, U.iiin KiMi ilUirii i . < •ni.iriu,

Uv i:. l.imliMii.in, l'»H. N .ilc 40(lltct to 1 In. li.

f.M.l.i. ( u'olonii .il iii.i|>, .\ilkok.in iroii-lKMrinn ili-strul. Mile r<)>t NO. 1411,

(.111.1(11.111 NdiiIhtm r.illw.iv, k.iliiv Klver <lislrict, Onl.iriii. Uv
!;. I.lndiin.iii, 1>»1». S.il,. 4(M) Uit In 1 liuli.

t,?54. Inikx M.ip, sliowiiin Iih.iiIdm nl pu.it lion!> i"-

VL^lin.iliil 111 Ont.irli)

—

by .\. .Xiiiip, 1'*1S 14.

t.?.>5. Klrluiioiul |)eat UiK, (.irlcUm county. Out.. rio -

f.i.Sf). Luther |)LMt l)OK, WillliiKton .mil DnlTfiln couii-

tii'S, I )iil,irio -
" "

t.^.iT. Ani.ir.intli |KMl 1h>k, jliilfLTiii county, < )nt.irlo -

t-l-SS. CarKill pc.it 1")^, Uiik e i iiiinty, ( )iit.irio~
" "

t.^.'i9. Wistovir pt.it Imih, Wiiitttorlji county, (Int. irio -
" "

t.iW). M.irsli Hill |K'.it Ih)^, Out. irio county. Out. irio -
" "

t.!(i1. Sninlcrl.in.l pc.il l«)^, ( )nt.irio cDiMily, Oiit.irio — " "

t.<()2. .M.iiiill.i TKMt Ih)^, \ ictoria couuty, Ont.irio

—

t,<(>.?. Stoco |MMt Im)^;, lla^tiiins comity, Ont.irio

—

"

t.'(i4. ('I.iiv\ lew |HMt lioi;, l.innox ind .Xddinnton
couutio, OiU.irio - "

t^().^. Index M.ip, nliowiiin loc.ilion o( pe.it lioi;s inves-

tijj.ited in Oueliec-

t.U)(). I.'AsMiiiiption pe.it lM>^;, l.'AsMiinptioi" county,
Oueliei' —

t.U)7. St. Ir-idore |KMt l)o^', I..I I'r.iirie loiinlv. ( )uelMi- - '" "

t.iO.S. Uolton |>eat iKjg, (hateiiUKU.iy county, (Juebec -

\M>'), Index .\l.ip, >liowinn loc.ition of pe.it bo^n luves-

ti^ateil In .Nov.i Sditl.i .lud I'riiice Kdw.ird
Island

—

" "

f.^ll. Ml.uk Marsli [xuit l)o^, Triiice connlv, I'rince

ICdw.ird M.md -

f.'TI. I'orl.ine pe.il l«ii;, I'rince count \-. I'rince I'.dw.ird

M.iud-

tJ72. Mi^couclie pe.it bo^, I'rinci? county, I'rince

lOihv.ird Isl.iiid — " "

t.?7.'. .\lnddy I'reek |K'.it bo>;, I'riiue county, I'rince

I'.iiw.ird lr,l.ind— " "

t.^74. I lie Hl.ick Maiiks pe.it bo^;, rriiice couiil\',

I'rinie ICdward Island - " "

t Maps in.irki-il thus t li.ivr lii-m iiriiilnl iiiiU'iM-nilfiilly (if icimrts. hciui- Ciin tii* pnuuri-d
fepar<itely by applicants.

Hf-ti-^i -I



.,-, ,. .,
''> -^^ •^""•1', I'^lJ 14

t.<7r.
' ''-->^j-i.i,H.,.t i»,,. ,.,,„,,,,,,,,,,,,, ,,,^.^,,^_

tf7N. •">l<;;l_^ .!«•... I.OK, V..rn„„„l, ,,„„„y, Nov.,

^'""'

^'"smi..'"-"
'"''• ^' "•""""' 'ONn.y, \„v,,

""'•
"'•'Sco,^::::!^

'""• ^"'"""•'' ''""'- ^•H.,

t.:M, l'..rmv,l^,...„ ,„„, si,..M,„rn, „„v, W,.

^''' '

"';::o,i:r:''
'"'"• ^'""""'"- """>•-. N"-.

t.'X7. '«(.loKi(,il ,„.,,, |!,,„|| ,1 ,, I xii,,.^, , I,
• ,

.

\ii.iH5.i '
'^- '•\''"iii(MnvjnK ri'imrt

ralo 1,(.(M) IcHt l„ I im I,
'' ''>' ^- * • t:"^ '"I'vSr.

Uliln-ss nil <ommi(iiicalio>is to—

l>n(i( i(Jk Minis Ukavch
l>Ki'.\i(r\n:.\r <ii. Mim-'s

^|>-KX Stki:i:t, Ottawa.
': M;;p^;;;;:;l:;:;i;i:;;:;s':;.^°,'-'<"'"j""ivi"re,„us.
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