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are le_d under boilers or through a distilling apparatus, 
a_nd, hnally, at a temperature of about 50°, into an oxida

. further oxygen is taken up, form
Ing mtrogen d10x1de, which in turn is absorbed by water 
a nd thus converted into nitric acid. ' 

To facil_itate. shipment, not a pure calcium product, 
but a bas1c mtrate less hygroscopic was obtained. By 
a new process (German patent 206,949) the nitrous «ases 
a:c absorbed by calcium cynamide, forming a of 
1\ltrate of ammonia and nitrate of calcium. \Vhen this 
solution is tested with sulphate of ammonia (Norwegian 
pate.nt 18,029 Birkeland) calcium sulph ate is deposited, 

soh;twn of am:nonium product. By testing 
agam w1th sulphunc actd, and distilling, nitric acid 

•s gtven off, and sulphate of ammonia remains. By this 
means, therefore, concentrated nitric acid is also obtained 
frail"! the nitrous gases. The furn aces, used in the Nor

(the first a.t Notodden) for the production 
of nttnc ac1d from the atr, work with soo to 700 kilo

at a pressure of sooo volts. The coefficient of re
ductwn of these furnaces is 0·7 to 0·75· 

The method of Schiinherr (Badische Anilin- und Soda
Fabrik) is said to be much more economical in the use of 
electric energ:y. In this process a perpendicular tube is 
employed hav111g at the lower end an electrode between 
which the of the tub; or an upper eiectrode a 
long arc 1s The at r rushes whirling through 
the tube, fillmg its length, which may be 
severa l metres, With a steadily burning arc. There are 
now three each employing about 6oo horse
power, a nd using an arc about 5 metres long. Single
phase current is used at high pressure. 
. R ecently Birkeland has lengthened his furnace and con

Sidera bly increased the distance between the electrodes. 
By . means of the magnetic field a long arc is produced 
which takes the shape of a screw and rotates in the 

by this means the air, which enters in the direc
tion of the arc, is set in violent motion (American patent 
gofi.682! dated December 15, 1908) . 

Mentwn should also be made of the method of Haber 
and Konig (French patent 392,67.0), which may be re
garded. as a gr:at step in the development ·of the pro
cesses mentioned. H ere the mixture of nitrogen and 
?xygen IS led under a low pressure into the narrow tube 
Jn wh ich the fla_m ing arc _burns, the tube being well 
co?led on the ou tside. By th1s means, it is stated, gaseous 
m,1xtures are obtained from the air which contain from 

per cent. to per cent. of nitrous oxide, whereas 
In older Birkeland-Eyde furnace only r per cent. was 
obta ined. 

In a paper read at the recent International Congress 
of Applied Chemistrv Mr. Bae;lev directed attention to 
the productio': of nitric acid and nitra te of ammonia direct 
from gas. A plant is working successfully in 
co nnectJ.on With .a battery of coke ovens in Germanv. 
Ammonia gas. m1xed with ai r is forced raoidlv throu..;h 
a plug .of platmum. Every seventeen parts by ·weight 
a n;monia produces sixty-three parts by wei.;ht of nitric 
"'Cid of Be. of ammon ia is ;]so produced 
by the nitric acid with a further supplv of 
a.mmonia obb11ned from crude gas liauor . Bv a modifica
tion of . the _Mond process ammonia is also obtained from 
!he gas ification of peat. 

I MPROVEMEN TS I N PRODUCTION AND 
APPLICA TION OF GUNCOTTON "4ND 

NITROGLYCERINE.' 
F ·OR centuries the only explosive known to the world 

was that mechanical mixture of sa ltpetre, charcoal, 
a nd called gunpowder. Chemical explosives may 
be to dat_e _from the di5covcry of guncotton by 
Schonbem, and It 1s a fact worth noting on this occasion 
that the first sample of guncotton in this countrv was 
one which accompan ied a letter of Schonbein from ·Basle, 
dated March 18, r846, and addrPssed 1·o Michael Faradav 

th? Royal Institution. Schonbei n referred to 
m this letter as follows :-

" There is another point a bout which I take the libertv 
.1 delivered. o:tt on Frid :1 y, January 29

1 
by 

Str Frederic L. Nathan, R.A. ' 
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to ask your kind advice. I am enabled to prepare in any 
quantity a matter which, next to gunpowder, must be 
regarded as the most combustible substance known. So 
intiam ma ble is that matter that on being brought in con
tact with the slightest spark, it will instantly be set on 
fire, leaving hardly any trace of ashes, a nd if the com
bustion be caused within closed vessels a violent explosion 
takes place. That combustible substance is, as I will 
confiden tly tell you, raw cotton, prepared in a simple 
manner, which I shall describe you herea fter. I must 
not omit to mention that water has not the least action 
upon my matter, that is, that it may be immersed ever 
so long in that fluid without losing its inflammability 
after having been dried again. A substa nce of that de
scription seems to be applicable to many purposes of daily 
life, a nd l should think that it might adva ntageously be 
used as a powerful means of defence and attack . Indeed, 
the Congreveian rockets can hardly be more combustible 
than my prepared cotton is. What shall I do with that 
matter? Shall I offer it to your Government? I have 
enclosed a little bit of that really frightful body, and you 
may eas ily co nvince yourself of the correctness of my 
statements regarding its properties.'' 

In a subsequent letter he gave this body the name of 
gupcotton. 

Attempts to manufacture guncotton in accordance \Vith 
the method devised by Schiinbein were made both in this 
country and a broad. Accidents which occurred, however, 
both in Great Britain and France in the early days of 
manufacture , led to the abandonment of attempts to pro
duce it in these countries; it was only in Austria that 
its production was persevered wi th, and a system of manu
facture worked out there by Baron von Lenk. Having 
succeeded in producing guncotton on the manufacturing 
scale, von L enk turned his attention to adapting it for 
propulsive purposes, and although at one time his efforts 
appeared to h ave met with a certain amount of success, 
and ba tteri es of field artillery in Austria were actually 
equipped with guncotton cartridges, the difficulty of 
modera ting its rate of combustion was never satisfactorily 
overcome. While this question was still the subject of 
experiments, serious accidents, due to the spontaneous 
combustion of guncotton in store, led to its production 
being given up even in Austria. 

In r863 Sir Frederick Abel took up the stndy of the 
manufac ture of g uncotton in thi s country with the view 
of adapting it for propulsive purposes, and, at the same 
time, o f improving its stability, so that .its spontaneous 
combustion in store might be prevented. 

He was not successful in the first object, but, as regards 
the production of guncotton of good stability, the modifi
cations tha t he introduced into the von L enk system of 
manufacture resulted in the production of stable gun
cotton. 

The process of manufacture devised by von Lenk was 
briefly a s follows :-

Skeins of long staple cotton yarn were immersed in a 
mixture of strong nitric acid of I·52 sp. gr., one part, 
and sulphuric acid of r-84 sp. gr., three parts, contained 
in iron pa ns. The skeins were stirred abo11 t in the acid 
bath for· a few minutes, removed to a gratin g above it, 
a nd some of the acid squeezed out with a su itable iron 
tool. The· cotton, while s till thoroughly wetted with acid , 
was t ransferred to earthenware pots , in which it remained 
for forty-<" ight hours. The pots s tood in cold water to 
prevent decomposition of their contents. At the end of 
two days the conversion of the cotton into guncotton was 
complete; the skeins were removed from the pots, and 
as much as possible of the acid removed in centrifugal 
wringing machines. After centrifugalling the skeins were 
drowned as rapidly as possible in a cascade of water, the 
obj ect being to remove the rest of the free acid. The 
fin a l purification was effected by immersing the skeins for 
about three weeks in running water, boiling for a few 
minutes in an alkaline solution, and finally washing for 
a few days in flowing water . 

In all that concerned the actual process of nitration AbeT 
followed von Lenk, but instead of using sk eins of long 
s ta ple co tton he introduced the use of cotton waste from 
!he spi nning mills, suitably cleaned , and a fter the free 
ac id . had been removed in the preliminary drowning the 
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guncotton, still in the same physical condition as the 
cotton waste from which it had been produced, was re
duced to a fine state of division in a beating-engine. The 
effect of this important modification was to remove the last 
traces of " free acid " and of unstable bodies, so that 
the prolonged washing in cold water could be dispensed 
with, and, a t the same time, a much more stable product 
obtained. 

Cotton fibre is of a tubular structure, and so long as 
these tubes exist in long lengths the impurities in the 
interior of the tubes, derived from the evaporated juices of 
the cotton plant, and more or affected by the nitration 
process , are extremely difficult of removal. Not only is 
the cotton in the form of long tubular fibres, but these 
fibres are themselves matted and entwined to such an 
extent that the former process of washing in running 
water even failed to remove impurities from amongst the 
bundles of fibre. 

The operation of pulping introduced by Abel breaks up 
both the bundles of fibre a nd the fibres themselves re
ducing the latter to short lengths or destroying them 
altogether by crushing. In this fine state of division the 
remova l of impurities is much more readily effected by 
washing. 

The manufacture of guncotton by the von Lenk-Abel 
process was commenced in this country about 1865. 
Foreign countries took it up in qu ick succession , and the 
process was the one universally followed for the next forty 
)"ears. Some modifications of the nitration process were 
made towards the end of that period, in one case in the 
direction of dipping larger charges of cotton waste, and 
of allowing them to remain in the original acid mixture 
until nitration was completed, and then transferring the 
whole contents of the nitrating pan into the · acid centri
fuga.l; in a nother case the nitration process was actually 
carried out in the centrifugal itself. 

In 1905, however, an entirely new system of nitration , 
hereafter referred to as the " displacement process " was 
Invented by Messrs. Thomson, of the Royal Gun'powder 
Factory, a nd this process has been perfected and has . 
entirely replaced the pot system of nitration there, and at 
Nobel's Explosives Factory a t Ardeer, in Scotland. It is 
also being adopted at · other factories both in this country 
and abroad. 

The nitration of the cotton ·waste is carried out in 
shallow, circular earthen ware pans. These pans a re 
groupr.d together and worked in sets of four. The bottom 
of the pan slopes downwards to a central hole connected 
by suitab le pipes and cocks to a pipe supplying the 
nitrating acid, and to other pipes through which the 
waste acid is removed on completion of nitration. The 
pa ns are covered with aluminium hoods connected to an 
exhaust fan, for carrying off fumes. 

Nitrating acid is then run in up to a definite mark, and 
a charge of 20 lb. of dry cotton waste is immersed in 
the acid in each pan in small quantities a t a time. An 
aluminium fork is used for the purpose. When the 
charge of cotton waste has been dipped, perforated earthen
ware plates are placed on the top of it to keep it all 
under the surface of the acid; a film of cold water is run 
on to the surface of the platef and serves as a seal to 
prevent fum es getting into the room, and the aluminium 

are. removed. The cotton waste remains soaking 
111 the ac1d for two and a half hours ; a t the expiration 
of that time its conversion to guncotton is complete. The 
cock leading to the waste acid pipe · is then opened, and 
the waste acid allowed to flow away from the guncotton 
at a definite rate, whilst cold water is allowed to flow on 
to the top of the perforated plates at an equal rate. The 
water follows up the acid through the guncotton without 
any appreciable mixing of the water and the acid taking 
place, and when the whole of the acid has been displaced 
in this way the water is allowed to drain awav from the 
guncotton, which is then readv· for the final purification 
process. This system of manufacture possesses many 
advantages over the systems which it is superseding. Fore
most among them are :-

(r) Decreased cost of manufacture, due to the facts that 
for a given output very much less labou r is required ; 
that the plant is both very cheap and very durable; that 
no power is required to work it; that Jess acid is lost 
in the washing processes; and that, owing to the absence 
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of fumes and spilt acid, the cos t of maintenance of the 
buildings is reduced. 

(2) Increased safety so far as· personnel is concerned, 
because there is no escape or splashing about of acid, 
whiCh in the old processes was a fruitful source of acid 
burns, and also because decompositions, which used to 
take place both in the digesting pots and in the acid 
centrifugals, with the consequent evolution of poisonous 
oxides of nitrogen, no longer occur. 

(3) A better guncotton is obtained. It is freer from un
converted cotton, and as the whole of the nitration and 
preliminary washing operations are carried out in earthen
ware receptacles, it is freer from mineral impurities. 

(4) An increased yield to the extent of about 7 per cent. 
is realised. 

The manufacture of gu.1cotton was not commenced at 
the Royal Gunpowder Factory, Waltham Abbey, until the 
year 1872. Shortly after that d ate an improvement was 
made in the purification process. It consisted in subjecting 
the guncotton, · while still in the waste form, to a series 
of steam boilings in large wooden vats. In the early days 
of this process boilings of long duration were used 
throughout. Later, a system was introduced in which a 
large number of short boilings at the commencement was 
followed by a couple of final long boilings. With the 
introduction of the displacement process of nitration, a 
thorough investigation of the chemistry of the boiling 
process was undertaken at Waltham Abbey, and as a 
result it was ascertained that a more rapid purification 
was effected by means of two long boilings, each of twelve 
hours' duration, followed by a series of very much shorter 
ones. 

It is very probable that the displacement system of 
nitra tion is itself responsible for the reduction in the 
amount of boiling required to produce a stable guncotton. 
Although there is no appreciable amount of mixing taking 
place between the displacing water and the waste acid, 
still, mixing at the surface of contact does occur to a 
slight extent, sufficient to produce a distinct rise of 
temperature. The zone of warm acid liquid produced 
passes very slowly through the whole of the guncotton, 
removing in its course various impurities. The purifying 
action of this liquid is no doubt due to the fact that it 
possesses strong oxidising and solvent properties. 

The pulping process introduced by Abel is still un iversally 
employed, and a lthough its value from a purification point 
of view is no longer of such great importance now that 
guncotton is boiled as it was in the early days of cold
water washing, it is, undoubtedly, still of use in effecting 
a final purification of the guncotton. 

In the beating-engine the mechanical process of reducing 
the guncotton to a pulp is e ffected, but no actual removal 
of impurities takes place, because the water is not changed 
during the operation. The impurities still present in the 
guncotton at this stage are both mechanical and chemical. 
The mechanical impurities consist chiefly of particles of 
meta l of various kinds, sand and fine grit, wood and 
similar substances, introduced originally in the cotton 
waste and during the processes of manufacture. The 
chemical impurities are bodies produced by the action of 
the nitrating acid on bodies other than cellulose; they are 
not entirely removed in the boiling process, but are set 
free in the pulping. To remove the mech:;tnical impurities 
the guncotton pulp, in a large volume of water, is at 
Waltham Abbey run from the beaters over flannel. laid 
on long shallow troughs, the troughs having pockets with 
baffie plates at intervals. The rough surface of the flannel 
reta ins the fine particles of gri t , &c., and the 
particles settle in the pockets or grit-traps. In the last 
pocket an electromagnet is inserted to remove iron or 
steel partiCles which may have escaped retention in the 
grit-traps. 

The guncotton thus freed from mechani cal impurities 
ru ns into large oval iron tanks called " poachers," where 
it receives severa l cold-water washings. The contents of 
the poacher are agitated by me:1ns of a power-driven 
wooden and then allowed to settle. The 
washing water containing the impurities is drawn off from 
the surface of the guncotton by means of a skimmer, 
in order that not only impurities in solution may be 
removed, but also any light solid impurities in suspen
sion . 
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The fin a lly pur ified pulp . is passed to a moulding 
machine, where it is li g htly compressed to remove the 
bulk of the wa ter, and converted in to a form in which 
it can be easily handled. If intended for use in mines or 
torpedoes, or for demolition purposes, the lightly com
pressed shapes are submitted to heavy hydraulic pressure, 
convert ing them into dense hard blocks. 

The other high explosive of which I am to speak, viz. 
nitrog lycerine, enters into the composition of many modern 
propellants. Nitroglycerine was discovered by Sobrero in 
1847, but it remained for a long time a chemical curiosity 
only, 

Alfred Nobel commenced its ma nufacture a s a blasting 
agent a bout 1868, for which purpose he a bsorbed nitro
g lycerine with an infusorial earth known as kieselguhr, 
a nd gave the compound the na me of dvnamite ; but, prior 
to -th is , n itrog lycerine had . been made on a la rge scale in 
Am<'r ica , where it was frozen a fter m anufacture for · pur
poses of transpor t, and used for blasting . 

Nitroglycerine is a liquid, a nd is a much more violent 
explosive. than guncotton, and whereas the manufacture 
of g ul}cotton is absolutely safe th roughout, that of nitro
glycenne is dangerous. The risks a ttenda nt on the manu
fac ture of nitroglycerine are du e t o the facts that the 
tempera ture resulting from the chemical reaction is not 

easi ly controlled, and that nitrog lycerine, being a liquid 
msoluble in wa ter, the processes afte r ni t ra tion have to be 
carded out with a substance not r endered iner t , as gun
cotton is, by admixture with water. For these reasons the 

of in the early days of the production 
of mtrog lycenne on a m a nufacturing scale was carried out 
in very small quantities. 

W ith the in troduction of dyna mite, the s mall pots used 
the ni tration of glycerine, sta nd ing in vessels full of 

ICC water, were replaced by lead ta nks , in which consider
able quanti t ies of glycerine, amou nting to several hundred 
pounds , were nitrated at on e operation. In these vessels 
the tempera ture was controlled by means of cold water 
circulating through lead coils fi xed in the tank, and the 
whole_ con_tents of the tank were kept in agitation during 
the n1tra t10n by means of m echa nical stirrers or by com
p_ressed a ir escaping through small holes in lead pipes 
Situated a t the bottom of the n itra ting vessel. On com
pletion of the nitration it was the practi ce in the early 
days to drow n the whole of the charge of 
and waste acid in a la rge bulk of water from which the 
nitroglycerine separated out a nd was for sub

pur ifica tion by washing with alkaline solutions 
10 lead ta nks . This svstem enta iled the loss of the waste 
acid, a nd wa s superseded by a process in which the nitro
glycerine a nd was"te acid were run from the nitrating 
vessel into a nother vessel termed a separator, and allowed 
to sepa rate il} it. The nitrog lycerine, being lighter than 
the waste ac1d, came to the top, a nd was run off into a 
third tank for prdiminary purificat ion, consisting of 
several water washings. 

T his prcl iminarv purification removes most of the free 
ac id adhering to ·and dissolved in the ni t roglycerine but 
in order to obtain a stable product a further and' pro
lor:ged purificat ion is necessary, as in the case of gun
?Otton . . Th is is in lead ta nks by repeated wash
Ings Wtth· wa rm , d1lute sodium ca rbonate solution The 

rema ining in the nitroglyceri"ne a fter this 
IS thoroughly removed by washing wi th purified warm 

As nitroglycerine is a somewha t viscous liqu id, 
spec1 al ca re has to be taken tha t the washing solutions 
a re broug ht into very intim ate contact with everv portion 
of t he charg e of nitroJSiycerin e. For this pur.pose the 
m ethod universally employed is to actita te the contents 
of the washinl! tanks by means of the of air under 
compression through small holes in the bottom of the 

As . a result of this very thorough a gitcttion the 
mtroj;(lycenne,. even after the reinoval by skimming of as 
much a s poss1ble of the washing liquid, s t ill eontains a 
s ma ll proportion of water suspended in it in a very fine 
state of division . It also conta ins small quantities of 
fl occulent imourities and mineral matter der ived from thr> 
glycerine a nd acids. To get rid of these bodies filtration 
is resorted to ; coarse crystalline salt is ver y usu,lly 
employed as a medium, but a t W a ltha m Abbev it hits 
been found that a filter in the form of a mat of sponges· 
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is. more. efficacious and free from the object ions- sa lt filters 
possess. 

After the removal of the n itrog lycer ine from the waste 
acid, which takes place in a compara tive ly short space of 
time, the waste acid was run out of ·the separator into 
large lead vessels, where it -rema ined for days, in order 
to a llow of the formation and removal of the last traces 
of nitrog lycerine. This process is known as after
separation, and was necessary to e nable the waste acid 
to be dealt w ith without risk, because so long as it con
ta ined a ny traces of nitroglycerine it could not be stored 
or handled wi thout risk of violent decompositions, or even 
of explosions, tak ing . place. 

This system of manufacture, compnsmg nitra t ion, 
separation, preliininary washing, fin a l wash ing, and after
sepa ration, all can-ied out in different vessels a nd in 
different houses, was the one which, with sligh t modifica
t ions in deta il, was followed almost un iversally, and is 
st ill in use in m a ny of the older factori es in this country 
a nd abroad. . Its disadvantages are several. In the first 
place, owing to the fact that it is unsafe to t ransport or 
to carry liquid nitroglycerine about, factories are always 
desig ned .so·. tha t it may flow from process to process by 
gra vity. The result, obviously, is that nitroglycerine 
houses m ust ·be built on the side of a hill, or, as this is 
not a lways poss ible, the alternative of bu ilding a nitrating 
house, and also, probably, a separa t ing house, on artificial 
mounds, has to be resorted to, enta iling a very consider
able expense. 

In t he next place, owing to the corros-ive natu re of 
m ix ture o f nitroglycerine and waste acid, a nd to the acid 
nature of the nitroglycerine even when - sepa rated from 
the was te a cid, the onl v- materia l whi c:h can be used for 
the cocks necessary to ·allow th e ni trog lycerine and acid 
to .r.un from vessel to vessel is ear thenware. The use of 
ear thenware cocks is. attended w ith considerable risk, 
owing to the fact that there is fri ction in them between 
the key a nd the body of the cock, and ther: is 
the risk i_n moderately cold weather .of the mtroglycenne 
freezing a nd fixing the key; force, if used in these circum
stances, would be very liable to cause accident. Again, 
the necessity of storing the waste acid under observation 
for long periods is a costly one, both as regards labour 
and plan t required. 

It was to overcome these disadva ntages tha t the whole 
sys tem in cunent use for the ma nufacture of nitroglycer ine 
received very. careful considerat ion a t the R oyal Gu:.;JOwder 
Factory some years ago . 

The firs t s tep that. was taken to improve m atters was 
to abolish the use of earthenware cocks in the preliminary 
and fi nal wash ing tanks. As the nitroglycerine when it 
was ready to leave these tanks was thoroughly free from 
ac id , it was poss ible to get rid of the cock s on these 
tanks , a nd· to replace them by rubbe'r tubes. During the 
washin g operations this tube is secured to a nozzle fixed 
to the outside of the tank at a point above the level of 
the liquid. To run off the nitroglycerine it is only neces
sary to slip the rubber tube off the nozzle a nd direct it 
into a nother vessel or into a lead gutter used to convey 
the nitroglycer ine to the next operation. 

Rubber , however, could not be used in the case of the 
separa to r or the nitrator , where either acid nitroglycerine 
or a mixture of nitroglycer ine a nd acid had to be drawn 
off . T o overcome the difficultv in this case a n entirely 
new sys tem was invented at Vialtha m Abbey. Instead of 
runn ing the ni t roglycerine and waste ac id on completion 
of the nitra tion process into the separator, the separation 
is allowed to t ake place in the nitra ting vessel itself. 
Nitroglycerine as it separates from th e waste acid comes 
to the top , it being- the lighter of the two liquids, and 
to remove it from the nitrator all tha t is necessary is to 
raise the liquid contents of the vessel gradually until the 
nitroglycerine re"ches the top of the ni trator, where a pipe 
or (!"utte r is fi xed to lead the nitrog-lvcer inc away into the 
prelim inary washing tank. Thi s raisi ng of the charge is 
effected bv into the bottom o f the nitra tor, 
throurrh the same pipe bv which the nitra ting acid is 
admitted, the waste acid from a previous char¢e. The 
rate of inftow of the waste a<"id is reg ulf.l ted , so that the 
nitro{!lvcE'rine di splaced is as free as possible from acid in 
su spension. 
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The waste acid has still to be dealt with. It was dis
covered that the addition of a small percentage of water 
to this acid, after the nitroglycerine has been separated 
from it in the nitrator-separator, entirely prevents the 
further formation and separation of the small traces of 
the nitroglycerine, which the after-separating bottles were 
required to deal with. 

The advantages of the Waltham Abbey plant and system 
of manufacture over others are briefly as follows :-

(r) Increased Safety.-By the abolition of all cocks 
through which nitroglycerine had to pass , the risks 
attendant on their use have disappeared. By the presence 
of cooling coils in the one and only vessel in which nitro
glycerine and acids are in contact, any undue rise in 
temperature, always a possibility in the circumstances, can 
be at once checked. It was not usual to have cooling 
coils in the separator and after-separating bottles. 

(2) Reduction in Total Elevation for, and Area of a 
Factory.-The abolition of the separator, and the running 
off of the nitroglycerine from the top of nitrator, effect 
a very material saving in the height required. 

The after-separating house being no longer necessary, 
or the separator house when one existed as distinct from 
the nitrating house, the number of buildings, and there
fore the ground area, is substantially reduced. 

(3) Reduced Cost of Production.-This results from the 
fact that the capital outlay for a factory is much less, that 
fewer men are required for a given output, that there is 
less plant and fewer buildings to maintain, and that the 
plant itself suffers slower deterioration. Finally, the yield 
of nitroglycerine is increased by at least 5 parts for every 
roo parts of glycerine nitrated. 

The substitution recently of Nordhausen for ordinary 
sulphuric acid has further improved the yield of nitro
glycerine, and whereas a few years ago a yield of zro 
parts of nitroglycerine for every roo parts of glycerine 
nitrated was considered excellent, the average yield at 
\Valtham Abbey is now 230 per cent., a very high figure 
in view of the fact that the theoretical yield is 246·74 per 
cent. The use of Nordhausen sulphuric acid also permits 
of a considerable reduction in the proportion of nitrating 
acid to glycerine, so that a larger output is obtainable 
for any given sized plant. 

(To be continued.) 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

HARVARD UNIVERSITY has recognised the growing import
ance of public health and preventive medicine by establish
ing in its medical school a department exc1usively devoted 
to those subjects . It has appointed Dr. Milton J. Rosenau 
to the professorship of hygiene ·and preventive medicine 
with the headship of the new department. Dr. 
has lately been professor of bacteriology at the Washington 
Post-graduate Medical School. 

THE council of the Institution of Mining a nd Metallurgy 
is prepared to offer five scholarships for the current year 
(provided suitable candidates present themselves) of the 
value of sol. each, to assist graduates in mining or 
metallurgy to take a practical course in mines or works 
at home or abroad. The scholarships will be awarded to 

the. School of Mines and other recog
nised Bnt1sh mmmg colleges or schools. Further in
formation may be obtained from the secretary of the 
institution, Salisbury House, E.C. 

Trm following doctorates have been conferred by the 
University of London upon internal and ex ternal students 
for the theses mentioned and other papers :-Miss Annie 
Abram, " The Effects produced by Economic Changes upon 
Social Life in England in the Fifteenth Century " : Mr. 
P. Hartley, " On the Nature of the Fat contained in the 
Liver, Kidney, and H eart " ; Mr. E. T. Mellor, "The 
Geology of the Neighbourhood of Middelburg, &c."; Mr. 
J. Stephenson, "Studies on the Aquatic Oligochreta of the 
Punjab ": Mr. \V. Makower, " On \the Active Deuosit of 
Radium"; and Mr. H. Stansfield, "The Echelon Spectro
scope, its Secondary Action, a nd the Structtu·e of the 
Green Mercury Line." 
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AT a recent meeting of the council of the University of 
Bristol Dr. Lloyd Morgan tendered his resignation of the 
office of Vice-Chancellor, and in accepting the same the 
council placed upon record its S<)nse of the distinguished 
services rendered by him to the cause of university educa
tion during the twenty-two years of his tenure of office 
as principal of University College, Bristol, and its hearty 
acknowledgment of the unsparing manner in whi.ch he 
has devoted his time and influence to the promotion of 
the scheme for the foundation of the University of Bristol, 
now brought to a successful issue. Sir Isambard Owen, 
principal of Armstrong College, Newcastle-on-Tyne, has 
been elected Vice-Chancellor of the University, and Prof. 
J. Michell Clarke Pro-Vice-Chancellor. 

MANY evidences of the numerous activities of the Associa
tion of Teachers in Technical Institutions are to be found 
in the July issue of the associa tion's journal, which is 
published by the St. Bride's Press, Ltd. Addresses and 
papers read at the annual conference, of an 
a ppeared in NATURE of June ro, are pnnted . m . the 
periodical, and, in add"tion, there are several contnbutwns 
by members of the ISSociation on various branches of 
technolocrical chemist y. Prof. A. F. Holleman, of the 
University of Amsterdam, writes on substitution in the 
benzene-nucleus, Mr. Frank E. Weston discusses thermic 
reactions, and Mr. E . B. Naylor describes a course of 
instruction in chemistry designed to meet the needs a 
minino- centre. Full particulars are given also respecting 
the a£ninistrative work both of the parent association and 
its branches. 

MESSRS. CoRNISH BROTHERS, LTD., of Birmingham, have 
published in pamphlet form the , address 
J anuary by Sir Alexander B. \V. Kennedy, F.R.S ., In his 
capacity of warden of the Guild of Undergraduates, to 
the students of the University of Birmingham. The 
address is entitled " The Complete Student," and contains 
much wise and kindly advice to young men entering upon 
life. Early in the address Sir Alexander says :-" I am 
sure that the exclusive use of our mental apparatus for 
technical or professional or business matters, or equally 
for artistic or scientific matters. renders the large part of 
that apparatus which is adapted for far. wider 
and inert. The owner of only half a mmd-espec1ally If tt 
be only the money-making half-is a very poor person. 
Moreover even the one used half tends to become sma!!er 
and less as its owner grows older. As regards his 
friends, such a one grows every year duller and more 
stupid; as regards his profession, he becomes less and less 
able to appreciate its continuaJly changing aspects; as 
regards himself, he has as deliberately thrown away half 
of the pleasure of existence as if he had chosen to shut 
himself up all his days in a tube railway, beautifully 
illuminated by arc lamps, but absolutely cut off from the 
light of the sun." 

THE London County Council Education Committee has 
had under considera tion lately the question of the attend
ance of pupils residing outside the metropolitan area at 
secondary schools within the administrative county of 
London. The inquiry has led to some interesting com
parisons as to the r;1tio existing between the gross cost 
per pupil of the education provided in London secondary 
schools and the amount of fees paid by the pupils. Taking 
the case of the seventeen secondary schools provided and 
managed by the committee, the estimated cost .of 
education per pupil, apart from capital charges, vanes 
from rzl. 14s. in the case of the Dalston County Secondary 
School for Girls to 27l. rs. in the case of the Holloway 
County Secondary School for Boys. The Board of Educa
tion grant of 4!. 10s. is uniform throughout these schools, 
so that the net cost of education per pupil varies from 
81. 4s. to 22!. ns. The fees charged to fee-paying pupils 
vary from 4!. ros. to r2l. a year per pupil. In the great 
majority of the schools the fee charged is only about one
ha lf that of the net cost, and nearer one-third that of 
the gross cost. In other words, London parents who send 
their children to these county secondary schools are called 
upon to pay only about one-third of what that education 
costs. It would be a wise policy for the Education Com
mittee to take steps to bring this fact home to the parents, 
for a t present evidences are not wanting that the facilities 
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