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:388 CHEMICAL DISCOVgn,y AND: INVENTIO;N 

nozzlcs ill tho form of rods, tuucs, and strips. If shoets are 
required the stdps are either flattened out by preSS\lre w.hilst 
heated, or else they arc forced together by heat and pre,ssure into 
a block from which thin sliccs may be cut bY"mea,ns of a special 
planing IlllwhillO. '1'110 cI1Aoin mn.tildn.l is l\OW immersod in ' a 
[j per cont formnlin bath for somo time to harden i, it is finally 
removed Itwl dried in hot air. In this fipal form the plastio can 
\\i t.hlll' j,o t.lIl'lIod 01' dl'illnd IlII I~ lil.l ,ho, orit nan ho softened in hot 
water amI BO 1I1011lderl or t:lLlLlllpeu. 'rho OltSalll plastics can be 
produced in a remarkably beautiful range qf colours, and the 
material takes a high polish; it is used specially for,buttons, bllt 
there are many other applications, such as for fo'uutain pens, 
pencils, small electrical parts, knife handles, ·and imitation 
tortoise shell. As it softens in hot water ,the casein plastics 
cannot be used for domcstic utensils. ' i: '" , 

The" solvent naphtha" fraction obtained fFom coal-tar distil
lation contains a number of substances for w;hich little use was 
found until 'recently. Amongst these may 1 pe mentioned par
ticularly the relo.tcd compounds coumaron~ ;and indene, which 
distil over between 1680 and 1820 C.; it has p:een known for over' 
forty ycars that if to these substances is adqed a s,mall quantity 
of concentrated acid a polymerisation proce~s occurs, that is to 
say several simple molecules unite to form a large, complex 
molecule, and the product is a resinous subs~l1nce now known as 
"coumarone resin" or "cumar." This material dissolves "in 
hot linseed oil as well as in spirit, and on drrmg leaves a very 
hard film; it is consequently replacing cO'p;tI ' gum and shellac 
in the paint industry. In the United States cumar resin is also 
used in the manufacture of " chewing gum. ll; . ' " ' , 

In addition to the synthetic plastics and 'resins already men
tioned others of minor importance, at the: moment, are being 
made commercially or are being tried ' out experimep.tally. Of 
these mention may be made of benzyl cellulose, still another 
derivative of cellulose to find industrial ' ~}:lplication. Before 
closing this chapter, however, it will be of 'interest to give some 
idea of the extent of the artificial plastics industry; apart from 
the production of celluloid which does not 'teally belong to the 
present century.- In 1923 there were produced in Great Britain 
about 0. million pounds weight of phenol-formaldehyde resins, 
but in 1933 the amount had increased' tenfold; in the Uni'te~ 
States the corresponding figures are n;ooo,OOO Ibs. in 1923, and 
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31,000,000 Ibs. in 1933, the lat.ter amount being below the record 
. production of 34,000,000 Ibs. in 1931. Although ~he bakelite type 
of resin represents the grcatest proportion the others are also made 
in considerable quant ties, and Rome figureR of production have 
hqolln!ron.dy givoll. TI; will !In lWI'll I,ltlit; ill 1,110 III 11. 11 11 fn.o 1;11 I'll of 
artificial plastics a vast; indllHt;ry Ims f1.l'iHnn i'rom 11 fow apparontly 

· unimportant n.nd trivin\ obsOl'vnt;ioHS tnn.do goncmlly before the 
PI'HHOIII; (\(\III;III'Y, Fol' t.lto 1'1'."1.111'.1' who wiHllIlH I'IIl't.hll1' ill('OI'JT\II.t.ioll 
011 tho sllujoot of pln.tit.icti LJIO ti[lPoild jOlll'llldH, HI/eh IIH iJrilislt 
Plastics, as well as' text-books on the subject, should be 
COIl-suIted. 

CHAPTER XXVI 

EXPLOSIVES 

" ... it wns grent pity, so it WnB, 
'l'his villainouB snltpetro should be digg'd 
Out of tho oowols of I.ho II/\,rmlcss earth, 
"Vhich mnlly 1\ good 1.1\11 fellow hl\d destroy'd 
So cowardly; o.lld, out for thcso "ilo gUlls 
Ho would himself hnvo beoll !\ soldior." 

WHEN Shakespeare put these words into the m01.1.th of Hotspur 
· the only use for gunpowder was in the practice of war, and for 
purposes of destruction such as was contemplated in the Gun
powder Plot of 1605. But though the mention of explosives 

· immediately suggests war, it must not be forgotten that these 
agents have been among the most powerful auxiliaries in the arts 
of peace. It is only necessary to consider how many roads, 
railways, tumiels, and water works have been rendered possible 

· by the use of dynamite and other blasting materials to perceive 
that explosives have a civilising mission of their own, and prob
ably next to steam have done more to facilitate inter-communica-

" tion between different countries tlmll ",ny other of the works of 
man's invention. The importance of explosives to industry will 
be realised when it is remembered that nearly half a million 
tons are ll:::.>d in the world each year in times ::: :;c ::-::c: . 

The chemist of the twentieth century is acquainted with a 
large number of substances which when heated or struck or in 
some cases even merely shaken explode, but the great majority 
of them are useless for pl'l1cticn.1 purposes, being too unstable to 
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390 CHEMICAL DISCOVERY AND INVENTION .. ', 

be handled or carried about without great danger to the person. 
By an explosion the chemist understands the sudden production 
of a relatively large volume of a, gas 01' gases frqm a solid, liquid, 
or mixtnre of gases, And aR Rnch changes 1l1'e almost always 
n.ttend()d uy the production 0[' JTluoh heat, the hot ,sases formed 
al'e still fllrthel' explllluoU , 11'01' Lhe Ulomen~ the last oaso must 
bn pOHLpOIIflt\ 1'1'0111 IlOIIHitilll'Hf,ioll, bllt tho reader will oasily 
11 I Idlll'lif.II,I\l I ",Iml, ili l'\lflll'l'l!d Lo Ily Lhinkins of t,110 disn.Rtrolls' 
efleot in tt lllml-pif, wlion It lIIixt.lIto of I\ir with inflammable gas 
from the coal, called fire-damp, comes into ooU;tact with a flathe. 
The resulting explosion which, under such cirqumstances, does 
nothing but mischief, can in another form bel turned to useful 
practical account when under control in ~l;te gas-engine' or 
internal combustion engine of the motor. ;, 

But although explosive substances are familiar in the chemical 
laboratory, and have multiplied among the products of modern 
chemical research, it is curious to note that "rteai:ly all the ex
plosives employed as propellants or for blast,ing purposes , are 
produced more or less directly by the use o:f the "villainous 
saltpetre" RO long an ingrecii(mt in old-fasljioned blaok gun~ 
powder, The object in all cases is to introdu!qe into a mixture ' 
or compound containing the combustible elements, 'carbon and 
hydrogen, so large a quantity of oxygen that ; the product will 
burn without the assistance of atmospheric air, · 

This is cHccted ill the cuse of gunpowder through the 'agency 
of the nitre or saltpetre which supplies oxyg~ to ,the sulphur 
and charcoal with which it is mixed. Or it mi:J:y be by bringing 
cotton or glycerine or phenol or some other (Jompound of this 
kind into contact with nitric ucid. An interchange is then' 
effected whereby a portion of the hydrogen of the original 
substance is removed in the form of water 'and: a ,group of atoms 
characteristic of the nitrates is introduced. When the nitrated 
compound is fired the oxygen combines with carbon forming 
gaseous oxides of carbon, and with the hydrogen forming wat~r, 
which is of course liberated in the form of 'steam, while the 
nitrogen is set free in the state of gas and thus 'contributes to the 
total volume of gas formed in the act of explosion. ' 

This chapter must be devoted to an account of the chemical 
composition and action of the modern explosiyes, some of them 
of quite recent introduction, but to understand.: why some of the 
chunges 'v:hich have taken place of late years ;have' been intro·) 
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duced, it is necessary in passing to glance at the changes which 
have taken place in the construction of military and naval guns. 

At the time of the Crime an War tho hugest gW1S ashore or 
afloat were tho G8-poundot'fl wihh AffiOot',1l bores. Tho iden. of 
rining t;11O gun for t;lio plIl'pmm of givillg tlio ]>l'Oj()()!;ilo the Apin 
which inCl'OILl:!ef:l gl'elLtly iLK aeellt'aey of liro l\II.d not Itt this time 
beon nO{;llItlly n.dopl;nc! ill pm<:Lil \II. Wil;ll (;hiH VIII',)' impol'tn,lIt; 
nll1LlI!-(1I (.wo 1IIIIIIIlH will /I,III'/I,\'H 1111 1111111111111,1111, Lilll Inl,lI '1,01'11 
Anl1l:!trollg (lliedl!JOO) alld tdl ll hLLt' HiI' Amll'Dw .Noblo (dimll!Hfi), 
who for some forty years were associated together in the great 

"Elswick Ordnance Works near ' K ,;.,;;,istle-on-Tyne. To the 
former we owe the rifled breech-loading gun with wire-wound 
cylinder, to the latter the invention of the chronoscope, by which 
minute fr:v>t,ions of time may be measurerl , 1c ;:::.i -::1. ~ : .::nous 
experiments on the pressures attn.ined in large guns. 

Up to about 1886 black gunpowder had been used, but as it 
had been found that with increased length of the gun the pressure 
on the breech became injurious to the gun without giving the 
desired velocity to the projectile, many modifications were tried 
in the size of tho grain, Itnu ill tho oubes, prisms or perforntcd 
slabs in which form the powder was used. The old powder, 
however, had one inseparable defect, namely, the large quantity 
of smoke produced in firing. This arises from the fact that 
black gunpowder is composed of nitre, charcoal, and sulphur 
in the proportions on the average of 75 : 15 : 10 per cent 
respectively. Hence when burnt the potassium of the nitre is 
converted into a mixture of potassium carbonate, potassium 
sulphate, with a small quantity of potassillm sulphide, all of 
which are solids, and being dispersed in fine powder give rise to 
clouds of smoke. At the time referred to the service powders 
used by the various European Powers had the composition 
shown in the following table: 

Country. Nitre. Charcoal. Sulphur. 
England Black Powder 75 15 10 

" 
Brown 

" 
79 18 3 

Sweden 75 15 10 
RUBsia 75 15 10 
Prussia 74 16 10 
Saxony 74 16 10 
United States 76 14 10 
Austria 75·5 14·5 10 
France 7u 12'u 12·1) 
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According to Thorpe's Dictionary of Applied Ohemistry . 
Chinese gunpowder contained nitre 61'5, c~arcoal 23, and 
sulphur H5-I3 parts per cent. This departure ' from · the type, 
which has been cstablished by modern scientific methods .of 
manufacture, iR interoAt,jng wllCn the tradition iis recalled which 
o.ttributed the invention of gunpowder to the Oh'inese. 1 . 

Cho.ngcR in tho gUllS tJlCn demanded changeS in the rate of 
(:()1l1bUHLioll or 1.110 po\V(lol' 111'0(1 ill tllmn, while tho oonditions of 
IllodOrll wlld'al'l1 I'nqllil'nci It pl'opolinnl; whioh Rhoitld ho prnoticl111y 
HIlIlllwlllHH . If, Htlllllltlll IIHIlIt'HH 1.11 tltl1lHLl'llot; qnlok·flrI'ng guna I\I\(1 
lllIU;\tillll gUlls cILpablo of (lulivorillg a shower of bullets' if after 
the first discharge or two all view of the enemy in front . of the 
guns became impossible. Gun-cotton, which is the essential' 
basis of all modern propellants, differs from the old powder in 
yielding only go.seous products in its e'xplosion, without any' 
solid [mu hence without smoke. There is also o.n important 
difIerence between the two, in the fact that the old powder is 
merely a mechanical mixture of solid ingredie~ts, the particles' 
of which, under a microscope, can be seen lying side .by side 
but quite distinct from onc another, while igun-cotton is 0. 
chemical compound. In the former, therefore, the oxygen 
required to combine with the sulphur and with 'the carbon of the 
charcoal has to be liberated first from the particles of the nitrate 
and then to attack separately the particles of the combustibl~ 
sulphur and carbon. . . . ' 

In gun-cotton and similar substances, each molecule of the. 
compound contains within itself the elements which are to com-. 
bine together to form the gaseous products of the explosion. 

'rhis will be understood by reference to the equation given 
below. . :: . ' . 

As already stated in an earlier chapter, olea~ ' ootton consist~ 
of almost pure cellulose, which has the formula (OaH1oO s)n, . . 

1 Tho invention of gunpowder is by tho English attributed to Roger Bacon; who WitS born in 1214. Others supposo Ilo certa.in trlonk, of whom nothing. positivo is known, but who is supposed to ha.ve lived in the early part of the fourteenth century, to ho.vo beon the inventor. He Is commonly spoken of !los . ncrthold Schwo.rz, 0. purely imo.gino.ry no.me. I . Ounpowuor and CI~nnon woro known to ho.vo been usod' in England In 1344, in Fro.nco in 1338, !lilt! th" Oxford MS. " Do offioils regum.," dated 1325, gtvII! 
ILIl illustmtion of It gun. '1'ho invontion of gunpowder. ~\1st therefore be pIaoed o.t an earlier do.te. . 

Those who o.re interested in the history of the subject ~ho\1ld consult Manu-menta Pulver£s Pyrii, by tho late Oscar Guttmann, 1906. . 
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where n is a large number; there is in addition a small amount 
of mineral matter, as may be seen from the ash left when the 
cotton is burnt away. When cotton is immersed in strong nitric 
acid an interchange takes place which may be expressed by the 
following equation: 

C6HI00~+3HN03=C6][702(N03)8+3l-l20 

in which it, iH obviollA that; 1;110 I> ,'o(lIwt; i" I~ nib.'nto, nn(1 it" 
formation ill oompnrahln wiLh t.l11I pl'odll(\Liol\ of 1\ nit;r/i\;o wboll 
(;I\1,~t,in pot;nAb i~ rnilCtld wil,1t Hil,ril ' /I,nid , \V/I,l.lIr iH ill hflLIi III~HI\H 
formed simllltaneolll:dy : 

KHO+HNOs=KNOa+HzO. 

In the case of cellulose three stages of nitration are possible, 
the products being represented by formulro, thus: 

COH904(NOa) CoHsOa(NOa)2 COH70 2(NOah 
Gun-cotton or nitrocellulose, which should more strictly be called 
cellulose nitrate, consists mainly of the last of these three sub
stances, the trinitrate. 

It has long bcen known tlH1.t when starch, paper, cotton ftbre, 
or other vegetable material is sonked in very strong nitric 
acid and is subsequently washed in water and dried, the cotton 
or other material is scarcely changed in appearance, but it is 
found to have increased in weight, 1 part of cotton giving, 
according to the theory explained above, 1·8 parts of nitrated 
cotton. This material is extremely inflammable, and on contact 
with a flame disappears instantaneously with a bright flash. '1'he 
Swiss chemist SchOnbein, so long ago as 1845, proposed to use 
this product as a substitute for gunpowder. It was, however, 
many y~ars before the manufacture of gun-cotton could be 
.carried on without danger, of explosion, and before the product 

, could be obtained in a condition in which it could be stored and 
used for any purpose with reasonable safety. A long series of 
experiments, conducted first by the Austrian General ven Lenk, 
and later by Sir Frederick Abe! in this country, led to the dis
covery of the conditions necessary for this object, the first 
essential being the removal of the lo,st traces of acid from the 
nitrated cotton. 

At the present day gun-cotton as well as nitroglycerine, to be 
. described later, . is manufactured in large quantities in many 
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394 CHEMICAL DISCOVERY AND INVENTION 
COllllLl'il~R ill whielt I.lw n~glJl;tf;i()J\R uonLrolling tho operations 
vary. 111 tho United l\.ingtlulll Ule Explosives Depal'tmcllL of 
t.hl~ I r()lIll~ OHl(:n prr-HCl'ilH)S t.ltl~ I:onclit.ions which must be obeyed. 

111 hyillg (JIlt, nXrlmiivl~H works it is lleCr,fISary to distinguish 
I.lw dallgc'l' ILl·I':!. fl'lIll1 f.11I~ 1I1)11-d:t. lIgl~1' :t. I·I~lI.. III tllo ItLfitinr, boilorA, 
I·llgil\l'~. lI.t:id HI.III'I·~, 1I.lld 1IL111'1' dnpll.rf.IIII~IIf.H limy L)I) armllgnd 
ill :1.11), 111:1.11111'1' 1'II1111d 1.11 hi' IIIII~L 1 : III1VI', lIil~lIt " Itlll; ill. Lho fOl'lllnl' 
111,, '1": 11,, · 111""III':I,,'IIII'l ' "I' Ill, ' ,' ,\ 1""Hi"" iH 1·,II.l'l'i"d lllll, I,lto nallll iH 
Ijlli'('. dilfl'I'I~1I1. ""Kll'il ·",illll:1 ill'l ~ illlpll:il~d ill ul'der I,ll pl'evIllI" LIlO 
illLl'odlldiOIl or allY 1IJ:I. LI~l'iaIH lil(f:ly to HilL 011' tllIl IlXplOHivu 
material. The uuiklings arc HO armnged as to allow only limiteu 
quantities of explosive material and n. limited number of work
people in onc hllilcling n.t a timn, alld further to plaee the different 
ullill1ings at suuh Ji::;tanucs from each other, or surround them 
by protecting earth mounds (Fig. llG), that in the event of an 
eX'pI.osion the amount of damage and loss of life is reduced to a 
lTI 1111 tnlllll. 

The m:tlluf:tcLllI'l' o[ gllll-!:ol;tOll al1(l the other forms of nitro
cellulosl' is l·,:trril'd Old', ill t.he lil'st. ~[.n.gl)8 in the non-danger part 
of tlin flll:!;"I'Y. 'I'1f(~ mw m n.LllI'i n.1 iH I:Olit;OIl ' Wltlltn, whiull if! 
specially pl'ep[1reu fur t.he explosive ma1lufacturer. First it is 
hand picked in order to remove all foreign matter as much as 
possible, and it is amazing to see how much rubbish in the form 
of pieces of wire, wood, nails, etc., is thus removed. Next it is 
t.I'mH'11 Itllll d l'il,lI , bl'l'. :tIlSl~ cotton o I'd inarily cont,n,in,s about ] 0 
p(~r elm!; of lHoistllm and Lilis wakr would needlessly dilute the 
Ilitrating acillH. The photograph (Fig. 118) shows f), drying-plant 
in use at Waltham Abbey. Here it is exposed to a temperature of 
about 80° C. for b\'cnty minutes. It is then weighed up, according 
to the older method introduced by Sir Frederick Abel, into lots 
of 1~ lb. callccl a charge, and is kept dry in ati air-tight box till 
it is dipped. . 

The aeid~ used !:ollsist of n. mixture of 1 part by weight of 
strong nitric acid of specific gravity U5, with 3 parts by weight 
of strong sulphuric acid of specific gravity 1·84. Mixing the 
aeirls is atLcrllled hy evollltion of hr-at and the mixture is allowed 
to beeomc completely cool Lefore it is run into the cast-iron 
dipping tank. 

'I'lie (:It:trgefi of (:OtJ,OIl am imm(lnwIl ill the acid for a few 
lIIiJ\Ut.I'H, Lilen pllt!:eu 01111. grll.Ling ItrtU Lite eXGe1J1l of I1ciu sqlwezou 
uu t. The partially ulmllgcd cotton, still satur~ted with acid, is 
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EXPLOSIVES 395 
placed in an earthenware covered pot standing in water, and left 
for about twelve hours (Fig. 119). The nitration is then complete, (" 
and the contents of the pots are lifLed out by tongs and placed 
in a centrifugal machine, where the excess of acid is wrung out. 
Tho gUll-cotton is tllOll placed in 11, tank full of running wutet' 
till the water no longer' allswers to I. tos(, 1()t' acid . 

','1'0 romovo tho 11tH(, t;r'acoH of anid tilO (lO(;(,OIl I'OCjll i \'(\S f;o hn 
,hoilo(l wi"" wat;ol' 1'0po/l(,(ldly, Ti, iH 1,11(1/1 l'II""I\(ld Lo (1I"/llVldl :(" 
IlIHlliOll!Illd in waLlll', ill patll:Hld by I. pilJO inLu i;J1O " pOlwhing " 
machine, where paddles keep the fiue pulp agitated with water 
arid thoroughly wash every portion of it. Mter some hours a 
small quantity of lime-water, whiting, and caustic soda is added 
so as to leave the cotton pulp slightly alkaline. It is then 
drawn off by means of a vacuum pump, and the pulp strained 
off in measured quantities into moulds, where pressure is applied 
sufficient to reduce the substance to the condition of a solid cake 
hard enough to bear handling. Finally, the moulded cotton is 
submitted to hydraulic pressure amounting to about five tons 
on the square inch, which leaves the cake so hard that it does 
not yield perceptibly to pressure by the finger. 

Newer methods of nitration have been introduced by which a 
larger quantity of cotton can be immersed in the acids at one 
time. 

Centrifugal machines have becn constructed whieh cun be fill ed 
with the acids and a much larger weight of cotton, generally 
about 17 Ibs., can be immersed. When tile nitration is complete 
the acid can be run off and the cotton drained by setting the 
machine in motion. 

Another method employed at the Royal Factury, W'altlmll1 
Abbey, is known as the displacement process. The plant consists 
of shallow earthenware circular pans grouped together in sets 
of four. They are provided with perforated false bottoms, and ' 
the bottom of each pan is connected with a pipe by which the 
nitrating acid can be supplied, anti a pipe by which the spent 
acid can be drawn off. These pans will ea eh take a charge of 
20 Ibs. of dry cotton. 

When all the cotton is immersed perforated earthenware plates 
are laid on top of the cotton to keep it under the acid, and a thin 
layer of water is ca.utiously run over the surface which prevents 
the escape of acid fumes. After two and a half hours the nitra
tion is complete; the spent acid can bo drawn off, and all 
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eql livakllt qllanW,y of watnr 1'1111 illto each pan. In this way 
t,ll<' HPI'"I", :wid iH diHpl;l.( : l ~d 1Tl11( ~ iI IllOI'l~ (:olllplnt.ely tllO.n by tlln 
older methods. 

IUI.I ~ r dmillillg Iln 1. 111: watl'l' fl'Ol1l L111 ~ P:I,IIi-l the glln-eoUolI iH 
rl'ad y rill' I,hl' j!nll'l'HHt':-; Ill' plIl'ifi(:a!.ioll all'l ~:l.dy JI\Heribl\ll. 

III HIlIIIl : l':w.l.llril·H 11, l"IlIl.illlll'"H 1"'III:I\i-l,", 1'01' nitl'lI,l;illg enllllloHIl 
ii-l lIi-lt·d; !.lit: Inl,Lt'!' iH i'1l1'III1'd illLo a "1:1111 f;i 11 IlllIIH' lmmllLntl jllLHH1\11 
Ill. Lilt: 11. PPI'Il I'I'ill.l.l : i-l1'1·I·d I.hrllllgil I.hl: hnL11 of lIif;mf;ing Iwid, HO 
II H 1,,, g,il" " 1,111' " "" ir, ·" . : XI. ' III , Ill' lIil.m,l,ittll . I I' I' tlH 11 lI.nid iH lI.ddl:d 
10 I,IIL\ IIir.l ,1t l',OIlI illl"IIIHI\, ill ord"r I tt IIlailll.lI,ill II.H 1~lIlwnllt.l'nt.i\ln, 

'l'he nitmted cellulose i; then washed carefully to remove excess 
of acid. . 

Up to this point the nitrated cotton has been treated as non
explosive, but in order to ury it, it is removed to one of the 
stoves in the danger area. Dry gun-cotton is one of the most 
U:J.IIg<!I'OWl l:x ploHiv(!H, aH w}WJl dry aIlu warm it is very liable to 
explode by fridioll, and the greatest care has to be exercised in 
handling it,. 

In the production of gun-cotton the composition of the acid 
mixl ,ul't ~ iH Ill' I,hp ul ,mORI", illlpnl'!-.n.nr.n , and if thr. 8111phurir. H(:iil 
presellt it! ddieiL:Jlt ill ILl Illl 11 Ill., ur !.Iw proportion of wuter fOl'llWU 

in the procesfl ifl allowed to exceed a certain amQUut the nitratiOll 
does not reaeh the maximum. Nitrocellulose 'having the com
position expressed by the formula given above contains just over 
14 per cent of nitrogen. Gun-cotton, however, usually contains 
somewhat lesfl than this percentage, namely, about 13·3 per cent, 
owing probably to the presence of small quantities of one of the 
lower nitrates, the formula of which has already been given. 

Generally speaking, the lower nitrates are soluble in a mixture 
of ether and alcohol, while gun-cotton is not dissolved by this 
I iqll id. 

U UJl-eottoll requil'eH a lower tcmpcmture than gunpowuer 
for its ignition. The rate at which it burns depends on the mode 
of ignition and the conditions under which it is fired. A mass of 
loose gun-cotton may be ignited on the open hand without 
burning the skin or producing more than a momentary sensation 
of warmth, while the same cotton lightly twisted would produce 
a burn, and if confined in any sort of strong envelope would 
explode. The dif-Ierence consists in the rate at which decom
T'1) :> itil)ll i:> t.mIlHmiU(:(l tlil'OlIgll !.lit: m:I.HS, n.nd th(\ (lisc:ovr.ry that 
the explosion of a detonating fuse eOJltailling fulminate of mereury 
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. or some similar compound in contact with a mass of gun-cotton 
would cause it also to explode was a step of great practical 
importance. 

Nitroglycerine, a compound simiil1r ill constitution to nitro
cellulose, both being nitrates, was discovered by Sobrero, an 
Italian chemist, in 1847. Though its explosive properties were 
known it was regarded as dangerous, und was not generally used 
!LS a blasting agent till al'tor 1807 wlwll Al rl'ml No br.! 11 iHeOVol'ocl 
It mothod or l'onuorillg it, porl,n,hl(\ ILIHll(\HH d!LlIgm'OIIH hy innol'
IIOl'ILl;illg I;ho Iiqllid wil;h n. Hlil1iI'.i(l1l1. 1j1111.lll.il.y of 11. lillll HiliniollH 
clLrth, called kicllulguitl'. 'J'11ll jll:odlln(, iH dYlll t lllil.(l, wld"it iH 
familiar enough by llame to the public. 

Nitroglycerine is produced very simply by the interaction of a 
mixture of nitric and sulphuric acid with pure glycerine. 

Glycerine is the secondary product obtained in boiling fat or 
oil with caustic alkali for the purpose of producing soap. But a 
large quantity is also produced by distilling fats in super-heated 
steam, when the fatty acid and glycerine are obtained, and it is 
only necessary to evaporate the watery part of the distillate to 
obtai.Q. the glycerine. 

Glycerine, or glycerol as it is called in systematic chemical 
language, is a familiar colourless syrupy liquid, with a sweet 
taste. When mixed with nitric acid tinder suitable conditions it 
is converted into nitroglycerine, more correctly called glyceryl 
nitrate, and at the same time water is produced: 

CaH6(HO)a+3HNOa=CaH6(NOa)a+3H20. 
, 
. While formerly only small quantities at one time of glycerine 

were acted on by the acids, a charge of 1400 Ibs. of glycerine may 
be now used in one operation in the apparatus called a nitrator
separator. In the modern practice a mixture of strong nitric 
acid and sulphuric acid is used, together with a certain amount 
of anhydrous sulphuric acid in the form of what is called oleum, 
which combines with a larger proportion of water, with tho 
result that the yield of nitroglycerine is not far short of the 
theoretically possible amount. From the formuloo 100 parts of 
glycerine should yield 246·7 parts of the nitrate, while in practice 
upwards of 230 parts are obtained. 

The nitrator-separator is a cylindrical leaden vessel with a 
coned top; inside are pipes through which compressed air is 
blown to mix the contents. The glycerine is introduced in the 
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form of a fine spray under the acid by means of a special injector 
workcd also by compressed air. In order to avoid the possibility 
of accidents precautions arc takcn to see tha.t the temperature 
uocs not rise beyond n. certain point, gen~rally 280 O. By ' 
reducing the flow of the glycerine and by in:creasing the agita
tion with the air any undue tendency to ' riso can usually be eh(dwd. " 

WIHlll nvn!'ythillg g(WH !'igld; tlto ni(;mtiQf} of the ohlLrgo is 
IIHlIlI,lIy (~olll]lItd.(\d ill 1I.IH11I1; 0110 hOIl!', I'.ho ,n.gil;ation wit,h t,ho ail' 
iH dil:l!lllllf,jIlIH:d , 1I.lld I,IIU tlCplL!'!l.f,ioll of tho nitroglyoerine from" 
the acids takes place; being lighter it comes to the top. .The, 
nitroglycerine is forced out into a washing tank where it is stirred 
up repeatedly with fresh water, then with a ~olution of sodium' 
carbonate, and finally with water. Mter this it is filtered to 
remove traces of water or impurities. ' , 

Nitroglycerine is a colourless oil of specific gravity 1·6, and 
therefore sinks in water in which it is insoluble.: It has a sweetish 
taste and is poisonous. In minute doses it i~ used. in medicine~ , 
When a lighted match is applied it burns quietly away, but it 
detonates violently when struck on an anvil oy a hammer or by 
sudden heating to 2570 O. Nitroglycerine, becomes solid when 
exposed to frost, and in use it require~ to be tltawed, an operation 
attenoed by considerable risk. "Non-freeze :" varieties of nitro
glycerine are generally obtained by the a~ditioll of a small 
amount of the nitrate of a substance Imown; as glycol, which is 
related to glycerine in composition. ' , 

In 1875 it was discovered by Alfred NobH tha~ when a low 
grade of gun-cotton and nitroglycerine are 'mixed together the 
cotton loses its fibrous or cellular structure: and becomes gela
tinised. In the product each constituent' , has its explosive 
properties modified, and the mass becomes better suited to blast
ing pmpoReR than nither ingredient scparatoiy. This substance 
has been largely used under the name" blasting gelatine," and 
it is otherwise interesting as the forerunner of the various ' 
mixtures which have been the subject of exp~rimeht and whioh 
have resulted in the production of the ohiefinilitary propellant 
cordite. It \vas disoovered that not only could the lower nitro
cclluloscH be gebtiniscd by nitroglycerine, but that the most 
highly lli(.mt.c ~ cI (:01;1,011 COlIl(] ho blended Wit,h nitroglycerino 
if the mixture was treateu with a common solvent such as 
acetone. 
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To manufacture cordite the nitroglycerine is poured on to 
the gun-cotton contained in rubber bags and hand-mixed. The 
paste produced is then transferred to a large PIieiderer mixing 
machine, similar to the Jwwhinc lU1CU in some bakeries for mixing 
dough, and the reiluil:!ite quantity of acetone added. After 
working the mixer for some time, () pCI' eellt of vl1seline is added 
to illCl'nll.AO t.ho sbtbilit,y oC tho IH'o(lue1i Hlld lllbricato t.ho gllll. 

WiJolI gollL1.illilmtion iH eOlllploi.1l LiJo llllLHH iH prmlHod. 1iiJrollgiJ IL 

dill of 1.110 l'o(jlIiHil,(\ siw, 1\.lId 1;111l (lord whin" iH thUH fOI'll\nd 

WlIlIlld Oil IL I'(l(d, or: ill I.h(\ O/LH(I 111'1.110 1.iJilllilll' Hiil\\tl il, it! tllIl. illl.ll 
suitable lengths. 'l'he cordite is then dried slowly to drive 011 the 
last traces of acetone. In the case of the larger sticks, containing 
'the smaller quantity of nitroglycerine, 30 per cent, this drying 
takes about two months. 

The most important high explosives for use in shells are 
picric acid and trinitrotoluene, these are both obtained by acting 
on one or other of the constituents of coal-tar (see chapter XX, 
p. 308) with strong nitric acid. 

In the manufacture of picric acid phenol, or carbolic acid, is 
mixed first with about five times its weight of sulphuric acid 
when a compound known as phenol-sulphonic acid is formed. 
Strong nitric acid is then added gradually to the mixture, when 
ttinitro-phenol, or picric acid, is produced in the form of lemon 
yellow crystals. '1'he latter arc removed and washed well to 

. remove adherent nitric and sulphuric acids. Picric acid was at 
one time in common use as a dye for silk and wool, and is still 
employed medicinally for the treatment of burns. It melts at 
122°·5 C., and is a moderately strong acid, forming a variety of 
salts called pi crates with metals. 

Many of the picrates explode when heated or struck, but picric 
acid burns quietly. When the fused acid is supplied with a 
detonator it explodes violently, and it has been largely used 
under the name lyddite, or mclinite, for charging shells. Ex
perience has shown that lyddite shells are, however, somewhat 
. erratic. 

'l'rinitrotoluene, T.N.T., is found to be more trustworthy, and 
though its explosive force is somewhat less than that of picric 
acid it is preferred on account of its stability, and being not an 
acid bnt porfectly llol1traI it is not liahlo to n.i;t,/1.ck the R1I1'faeo of 
metals. 

Toluene is a colourless liquid which by the action of 
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strong nitric acid 18 convertcd successivel~: into three nitro-' 
compounds: 

C7Ha 
07H 7N0 2 

C7Ha(N0 2)2 

C71f6(N0 2)a 

toluene I 
I 

mononitrotoluene I 
dinitrotoluene ·1.· 
t.l'injLrotoluono or T.N.T. 

. . i . 

The 1,IIII1UIIO i~ lir~L lIiLml.ud 1.11 pnHlllcot:mononitrot;o!ne!1o; 
thitl ami t:lLnmg !Jlllphllrie aeiLIILl"ll Lhell feu in 'at opposite enus of 
a series of pots, nitric acid being adcled at intermediate stages. 
The completely nitrated T.N.T. issues as ati~jl at one end of the 
series and spent acid at the other. The liq\l~d T.N.T. is allowed 
to solidify on cooling I1nu iH then purified, gpt.J.erally by washing 
it with a solution of sodium sulphite which dissolves out most 
.of the impurities. '; .. . 

Trinitrotoluenc is 11 yellowish crystallip.e powder with a 
mciting point about 80° O. When detonated by mercuric 
fulminate it' explodes with great violence 'giving a quantity of 
black smoke, whence some of the names~Black Maria or Coal 
Box-given by the soldiers to shells of this lcind. 

T.N.T. is sometimes mixed with other .substances, especially 
with an oxidising compound such as ammonium nitrate, together 
.with a little aluminium powder and a trJ,~e of charcoal, the 
mixture being known as ammonaL ! : ," 

Other constituents of coal-tar yield explosive compounds 
under the action of nitric acid. ' 

Dinitrobenzene, for example, enters into 'the composition of 
the mining explosives roburite and bellite .. . Trinitrocresol has 
been used in place of picric acid under the name ecrasite, but it 
shares the disadvantages of picric acid. : 

Oheddite is a name given to a permitted :explosive containing 
potassium chlorate mixed with mononitron\:t.phthalene, dinit'ro
toluene, and a little castor oil. Another · ivariety of cheddite 
contains ammonium perchlorate. : I 

Onc of the most powerful explosives ~hown is tetranitro
aniline, and a similar compound tetranitrom:Jthyl-aniline~ known 
as "tetryl," is already used for detonators in place of 
mercuric fulminate. Another compound which has recently 
found application as a detonator is lead l).ydrazoaw or azide, 
PbNa, derived from hydl'u,zoic acid or azoimide RNa. The Mid 
itself when in the pure anhydrous state and some of its organic 
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, derivatives are among the most dangerously explosible com

pounds known, as they sometimes explode violently without 

obvious cause. But several of the metallic salts, such as the lead 

salt mentioned above, and the barium salt, arc fairly stable and 

can be manipulated without riHk, if proper precautions arc taken. 

A new explosive, which iR Rai(l i;o oxcned in power all others and 

hall 11 romn,rlmblo rn.t() of (lO\;OlllLtiioll, it{ kllowJ\ ItA" cydonito " or 

" llexogoll "; it ill TlHulo h'y 1;110 1t<:t.iOI\ or lliLl'ic ItClicl on hexa

n;lOLhylollo totl'u.rllillll, LIlO pl'lltllll:i, of 1.1111 ('(\ltOl.illll hllLw(HIII 

formn.ldehyde and ammonia (p. (338). 'rho sllbstallce has the 

chemical name of cyclo-trimethylene-trinitramine, and it has 

been suggested for use as an initiating explosive. 

In blasting opern.tions gunpowder and detonators al'C fired by 

a time fuse or electrically. 'rhe time fuse is a case containillg 

gunpowder which is made to burn at a known rate, generally 

2 feet per minute. The instantaneous fuse which burns at thc 

rate of 100 to 300 feet per second oJrords the means of firing 

many charges simultaneously. 
Enough has now been ,vritten to ~ 1, ,,,,, the reader the genoml 

chal'O.cter of thc ' chemicn.l mixtures and compounds employed 

for military and naval use and for the peaceful purposes of the 

miner. Bul-the subject is a very extensive one, and those who 

desire more technical information can best be advised to read 

the article on Explosives in 'norpe's Dictionary of Applied 

Ohemistry. 
An interesting application of explosives to the purposes 

of agriculture has attracted some attention during recent years, 

especially on the other side of the Atlantic. In new countries 

land has often to be cleared of wood and sometimes of masses 

of rock before it can be brought into cultivation. In order to 

get rid of trees it has been the custom in pn.st times to burn 

them and leave the stumps to rot, before attempting their 

removal. This necessarily occupies a good many years, and the 

work is difficult and laborious. 
As soon as modern explosives became available the idea of 

blowing up such obstructions naturally arose and has been put 

into operation on a considerable scale. But latterly tho uso of 

dynamite has been resorted to for the purpose of preparing holes 

.for planting fruit trees and for loosening the soil between trees 

in orchards. As with every newly introduced practice there has 

been evidence of some degree of exaggeration in the reports 

2 D 
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which ]mvc appeared in the press concerning the advantages 'of 
soil explosions. " , 

The phenomena of combustion and expIo'sipn in gases have an 
intcrcHt both for the fwicntifw mall and for i the coal min'er', ex
pOlled ns he is ill the Inajorit,y of pits to imminent risk in ,his 
filLi I y work. ' 

])'lIl'illg Chtl III,sf, sixf,y yl'HI'H gt'tllLf, ItllvltnoeH havo boon mado 
ill (.i1(\ (.itl'.lIl',I' Ill' gll,H(\()I;H ;\XpIOHillll, ILlld in t,lw knowlodgo of tho 
1'1\.1.0 (li' 1.I'tIIIHllliHHillll Ill' 1111 IIXplilHiilll Wltvo. ;; '1'110 fll'tlt HfiOP i iri· 
this direction were taken by thc famous l1'rench chemist, M: 
Berthelot. At the time of the siege, of Parisjn 1870, Berthelot, 
then Professor in the College de Franc~, b~came President of 
the Scientific Committce of National Defence. The superinten
dence of the manufacture of explosives to' be used against th~ 
enemy naturally led him, after the war, to turn his attention to 
the systematic invQ1lLigation of the phenomena of explosions. 
In the result he was able to connect the m~ximum velocity of 
the flame in a mixturc of gases with the m,ean velocity of the 
molecules, according to the kinetic theory , of gases. A Ipng 
serics of researches 011 the propagation of flanie through mixtures 
of gases and on cognate subjects was begun by Messieurs Mallard 
and Le Ch atelier in 1879, and the work of ,these distinguished 
French investigators is still frequently referred to. Work 01+ 
this subject is still being carried on in England and in other 
countries, because of its importance in c'onnection with the 
avoidance of explosions in coal mines. i 

A vpry import,nut, discovcry was mude in 1880 by the late 
Ml'.HILl'Ultl H. lJiXOll, then 1'1'ol'esHor 01' : Chemistry in the 
University of Manchester. Dixon found that carbon monoxide 
mixed with oxygen, when dried as perfectly hos possible, by long 
contact with phosphoric oxide, does not explode when an electric 
spark is passed through the gas. The admission of a minute , 
trace of water vapour at once restores ,to the mixture its' in
flammability. Similar observations were' made by the late 
Professor H. Brereton Baker, until recently Director of the 
Department of Chemistry in the Imperial College of Science and 
Technology, South Kensington. Dr. Baker's,'experiments showed 
that carbon, sulphur, and even phosphorus, when carefully 
dried, refuse to burn in oxygen when heated above the tempera
turo ILt which thoy lHlUally igni{;o. Ho also found that ammonia 
mixed with hydrogen chloride, and nitric oxide with oxygen ar~ 

.' 
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indifferent when the gaRcs are well dried. These results havo 
been the subject of much speculation, but it is still not known 
definitely why quite small traces of water vapour are able to 
bring I1bout reactiolls whieh tlo not take place ill tho perfectly 
dry gases. 

NoLwitllstlLlldillg tlio f..!:l'mLly illcJ'('II.llml 1<IIowlotigo ill 0111' Lilllo 
ahollt. t1io propoJ.'ti(~H or illllll,lllllllLblo glLKnK /I,lId or Lilo uOlltiitiollH 

. pl'ovailillg in mm! pit,H, il; iH, IllIhn.ppily, 1.1'110 I.hlLl, IlilmHI"'()IIH 
(IXllloHiulIH oonLilllll1 Lo 11(\11111', ill wilil,]1 1I111,1I.\' livl'H 1\.1'1\ IOH!" ItN 

they were before the invention of the safety lamp, in 1817, by 
Sir Humphry Davy. This fact is, of course, no ground for 
argument against the utility of the safety lamp. 

The explosions which occur arc due cither to abuse of the 
lamp, to gross neglect of rules by miners, to blown-out shots, or 
some other cause. Among the sources of danger not recognised 

. a few years ago is the accumulation of fine coal-dust in many 
workings. 

Attention was first called to the subject by Mr. William 
GeJloway so long ago as 1876, and much discussion and experi
mentation has been carried on since that time. 'rhe presence of 
fine coal-dust suspended in the air of a mine has long been 
known to add to the danger of explosions when they occur from 
presence of fire-damp; but it has only been recognised within 
recent years that dust alone, diffused through air, forms an 
explosive mixture through which flame is propagated, when 
once started, with the violence characteristic of gas explosion. 

']'he English experiments, whieh form part of a comprchensive 
scheme for the inve~tigatioll of the factorl:l liable to cause explosiollH 
in coal mines, were at onc time carried out at Altofts in Oumbcr
land, but the work has now been transferred to the new Safety 
in Mines Research Board Experimental Station near Buxton, 
Derbyshire. The observations on dust explosions are generally 
carried out in a long iron gallery, made by bolting together a 
number of cylindrical iron boilers. In this gallery it is possible 
to cause dust explosions extending over several hundred feet, 
and the propagation of the flame and the pressure-variations can 
be studied by means of instruments inserted at regular intervals. 
The work carried out under the direction of Professor R. V . 

. Wheeler, Professor of Fuel Technology in the University of 
Sheffield, 1mB shown donnit;oly t,ll11.ii dllsl; oxplosiollA (10 not, depond 
on the production of gas from the dust by a preliminary process 
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of distillution; un explosion can cven be propagated through 'a 
cloud of charcoul in uir, 

The fuct thus established is consistent with 'what is known 'at' 
other dust cxplosions, as ill flour mills, where there can be no 

. <lllcstion of the existcllcc of inflammable gas ip. the atmosphere. 
It Il1ls Leen found that, by tllO IL!llllixture 'of sufficient stone 

dw;t to finely powdorcc[ coal tho danger of inflammability is 
gl'('aLly dillliniHllOd, II.nd Lhll Millillg AO(;H of Groat Britain mako 
Hl.olln-dllHl.illg C\()IIIPIIIHOI'Y ill ol'dol' 1.0 dillliJliHh tho dl11\gor of 
nllll, I dlltll. Ilxl'llIIlitlllti, 'l'hlll'll ill 1111 dOIl[,I, 1,llILt t,lli~ d'ovolopmont, 
rCllliltillg frOlll purely Hciclltilic studies, has resl,llted in the saving 
of many lives. ' " " 

With the object of limiting the risk of explostomi in coal mines, 
whether originating from gas or dust, the explosives to be ,used 
in fiery or dusty mines ha vc to pass a Gov.ernment test. A 
testing gallery has been erected at the Buxton research station, 
and there the effects of various explosives on an explosive 
mixture of gas, coal dust, and air are carried'out. No explosive 
is passed for ,use in coal mines until it answers certain test~ 
which illtlicato that it ill rCUf:101ll1U!Y safe. ; 

Strictly spcukillg, thero is no such thing as a perfeotly safe, 
explosivc; under certain unfavourable conditions they will, all 
ignite gas or coal-dust, but the " permitted, test" does enable 
the various explosives to be sorted into grades of safety, and 
only those which have shown themselves to be the safest are 
allowed to be used. 

The " safety" or " per1llitted " explosives in common use in 
British coal mines consist of an explosive substance, generally 
nitroglycerine or T.N.T., mixed with a relatively large propor
tion of an inert salt, such as common salt (sodium chloride), 
borax or ammonium oxalate. The object of the salt is to act as 
a cooling material, thus preventing the temperature of the ex: 
plosion flame reaching that at which the' Qoal dust-air and 
methane-air mixtures are likely to explode. Mixtures of 80 to 
90 per cent of ammonium nitrate, together with T.N.T. or nitro,-' 
glycerine are also used for the same purpose. 

A new development in connection with safety explosives is . 
the use of the so-called Cardox cartridges, which contain liquid 
carbon dioxide under pressure. They are set; off by passing an 
electric current through a mixture of two substances, such' : s a 
phenolic product nnd potn.RRillm chlorate, which generate a large, 
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amount of heat when they combine chemically. This heat causes 
the liquid carbon dioxido to evaporate rapidly, and the volume 
of gas is so large that the process takes place with explosive 
violence. Since no flame is produceu during the explosion there 
is no uanger of sctting oft the explosive mixtlll'cs present in the 
atmosphere of' u. coalminc. 

(1IIt\l" I 'II~lt XXVII 

FIXATION OF ATMOSPHERIC NITROGEN 

, AT the meeting of the British Association for the Advancement 
of Science held at Bristol in 1898, Sir William Crookes in his 
address as president drew attention to what he called the" Wheat 
Problem." In the course of his discussion of the facts he produced 
something approaching a serious sensation .by the statement 
that" England and all civilised nations stand in deadly peril of 
not having enough to eat. As mouths multiply, food resourcos 
dwindle. Land is a limited quantity, and the land that will 
grow wheat is absolutely dependent on difficult and capricious 
natural phenomena." 

It is true that he added to this alarming view, " I hope to point 
a way out of the colossal dilemma. It is the chemist who must 
come to the rescue of the threatened communities. It is through 
the laboratory that starvation may ultimately be turned into 
plenty." 

Fortunately for public peace of mind some relief from anxiety 
.' was provided a few months later in a letter addressed to The 
.. Times on December 2nd, 1898, by Sir John Bennett Lawes and 

Sir J. Henry Gilbert, the famous experimental agriculturists of 
Rothamsted, England. They said: "To sum up the world's 
wheat supply it may be said that whilst wheat is capable of 
producing very large crops under favourable conditions as to 
soil, climate, and manuring, it possesses a remarkable power (If 
obtaining food from a poor soil. It can stand a considerable 
amount of frost, and it can thrive over an immense area of the 
world's surface. Although endorsing all that Sir William 
Crookes says as to the importance of wheat as a food, we cannot 
adopt his despon<'ling viowA in regard t.o tho fl1tllfe supplics of it. 
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