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Having been requested to write an Article on the 
Manufacture of Gunpowder for the Aide Memoire, to 
replace the present pages on this subject, which treats 
enticely of the old method pursued; I have thought 
that a pamphlet separately published, would be of service 
to those who might not wish the expense of such a large 
work. 

The ditierent pyocesses employed, I have endeavoured 
to explain as clearly and simply as possible, without going 
into too minute detail, or entering into the cost, &C., &c. 
of Ingredients, and Manufacture, i t  having been consi- 
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subject treated of, or give those who have not visited 
the Factory, some slight insight into the manufitc- 
ture of this most important material of War, my object 
in writing these pages will have been more than gained. 
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ON THB MANUFACTURE OF 

lmwswamea aim$BgP1ailkQ 

GUNPOWDER, is an explosive propellent agent, being an intimate mixture 
of Saltpetre, Charcoal, and Sulphur, the proportibns of which vary slightly 
in different countries, and according to the uses to which the Powder is 
applied. The propelling power of Gunpowder is dependant on the rapid 
decomposition of the nitre into its component parts ; the oxygen forms car- 
bonic acid with tlle Carbon in tlle Charcoal, and the heat thus generated 
by ignition changes both this and the Nitrogen into a large volume of heat- 
ed gas: In a mixtnre of Nitre and Charcoal alone, the oxidation proceeds 
with comparative slowness : by the addition of Sulphur, an augmentation 
of combustibility is gained, in consequence of its igniting at a very low 
temperature ; the Sulphur, also, by its presence, renders available for the 
oxidation of the Carbon an additional amount of Oxygen, viz., that 
which is united with the Potassi~m, the latter being at once converted 
into Sulphide upon ignition of the Powder. The advantages of Gun- 
powder, as a propelling agent, over every other explosive material, are- 
the comparative safety attending its manufacture and transport, and the 
gratlual nature of its decomposition when compared with those materials 
such as Fulminating Gold, Silver, or Mercury, &c. &c. In  Gunpowder, 
the force resulting from the rapid evolution of Gas in a confined space has 
sufficient time to overcome the inertia of the projectile, which is not the 
case with other explosive materials, the conversion of which into gaseous 
products is so instantaneous that nothing can resist the intensity of their 
explosive action. Other advantages suggest themselves in the use of Gun- 
powder, such as the comparative che:\pness of the ingredients composing 
it, and the ease with which they may be obtained ; for tlie S~~lphur  and 
Saltpetre are very abundant productions of nature, and the Cl~arcoal can 
be manufactured cheaply anrl wit11 great facility, and if care is taken in the 
process of the fabrication of Powder, little deterioration will take place 
on its exposure to heat or moisture. 

Condensed Air and Steam have been used as propelling agents ; but 
the meat inconveniences attending their use quite preclude the possibility 
of adapting them to war piirposes. 

By long experience and practice, it is found that the Powder best 
adapted for the use of Artillery and Infantry is composed of the follow- 
ing proportions of the three ingredients, viz :- 75 Nitre, 15 Charcoal, 
and 10 S ~ l l p h ~ ~ r  in 100 parts, which proportion is closely adhered to in 
this. country. The proportions indicated.'by theory for the production of 
Powder of the greatest intensity would be more nearly represented by the 
proportions-75 Nit&, 12.5 Sulphur, and 12.5 Charcoal ; these propor- 
tions are adopted in some continental manufactories, Experience has, 
however, established real advantages as resi~lting from the employment of 
a somewhat larger proportion of Charcoal (15 parts) and a reduction of 
the Sulphur from 12.5 to 10. 

BLASTINO POWDER contains a greater proportion of Charcoal, and less 
Saltpetre; its action, consequently, is much slower-which makes it more 
efficacious than Gunpowder for this particular use, at a great rednction 
in price. 

PURITY O F  INGREDIENTS. 

The greatest care is requisite in the purification of the ingredients com- 
posing Gunpowder. A short description of the different processes by 
which rve arrive at this result may not be uninteresting. 

S A L T P E T R E ,  O R  N I T R E ,  

The principal ingredient in Gunpowder, is an abundant production 
of nature, and is a combination of Nitric Acid with the vegetable 
alkali ; it is never found pore, being always contaminated wit11 other salts 
and earthy matter ; it is principally found in the East Indies, Ccylon, and 
South America, and is sometimes produced from decayed animal andvegeta- 
ble matter; it is totally unfit for Gunpowder until it has been refined ; for, 
being combined with Muriates of Soda, Lime, Magnesia, and other Salts 
which absorb moisture, the close contact of the ingredients would be de- 
ranged by their preee:lce- the strength of the l'owder weakened, 
and the power of sesisting the action of the atmosphere greatly 
lessened. As for the efflorescent salts it may contain, they are noxious 
only inasmuch as, possessing no particular usef~11 property, they interpose 
their atoms between the more combi~stible ingreclients, and impede the 
rapidity of dcflagration. 

There are two methods of refining Saltpetre at \Valtham Abbey ;- 
IS~ . ,  the o r , ~  method, of re-crystallizing three times-and Znd., the N E W  

method, which has only just becn adopted, both of which we shall here 
briefly describe. 



OX TBE PANUPACTUBE OP GUNPOWDER- 

O L D  H E T H O D .  

About 35 Cwt. of the Grongh Saltpetre, as it is termed, via., as it is im- 
ported in its impure state, is p:~t into a Copper capable of holding 800 gal- 
lons, with X70 gallons of water, in the proportion of aboct 14 lb. of Nitre to 
I lb. of water (which proportion varies with the quality of the Saltpetre) 
this is allowed to boil, and th? impurities are skimmed off as they appcar 
on the surface ; cold water is occasionally thrown in to precipitate portions 
of the chloride which otherwise would remain on the top by the action of 
boiling : after being allowed to boil from 34 to 4 hours, the furnace doors 
are thrown open, when the Chlorides and Salts fall to the bottom, In 
about two hours, a copper pump is lowered into the liquor, which is 
pumped out into a wooden trough, having four or five brass cocks, under 
which are suspended canvas filtering bags in the shape of a V ; the solu- 
tion is then filtered, and run off into pans containing about 36 gallons, and 
allowed to remain for 24 hol~rs to crystallize, when they are set up on 
edge to drain off the liquor which reinains uncrystallized, and which is 
called mother liquor. The Saltpetre thus obtained is called once refined 
and undergoes the same process twice again, the only difference 
being that there is a greater proportion to tlie Water each time, 
viz., 13 lb. to 1 lb. of Water tile secon~l time, and I! lb. to one 
lb. of Water the third time: moreover, the third time, a small 
qoantity of ground Charcoal is put into the solution, and it passes 
through double filters, wl~ich bring it to a very fine pure wliitc colo~~r 
when melted. The mother water which remains in the pans after each 
crystallization is conveyed away by gutters to cisterns under the buililing, 
it is then evaporated in iron pots to 4 of its origiilal bulk, filtered, and 
allowed to crystallize. The Saltpetre obtaincd from the first mother 
water is considered one stage inferior to Grough ; that from the second 
equal to Grougll ; that fiom the treble refined equal to once refined Sult- 
petre. The wnter left from every stage is treated in the some way, so that 
act~~ally nothing is lost of the pnre material. Saltpetre treble refined by 
this process is perfectly pure, anil fit for the manufi~cture of Cunpowdcr, 
and in order to free it from moisture, os well as for thc convenience of 
storage and transport, it is mclted in iron potsholding about four Cwt. 
by raising it to a tempernturc of 600 degrees F:ire~llieit, and cast into gun- 
metal circular moulds holding about 38 Ibs. cacll. I t  ~nust bc obscrvctl 
that it require3 about two l~ours to hring tl~e Snltpctrc into a liquid state, 
and that, after tllis, the furnace doors are thrown open to lower the heat 

to the proper temperature for casting into the moulds. When the cakes 
are cold, they are paclced away ih barrels containing 1 cwt. 1 qr. each, and 
put into store. Care mr~st be taken, in melting the Saltpetre, not to raise 
it to too high a temperature, as this would reduce the quantity of oxygen, 
and form nitrate of potash, which would render it unfit as an ingredient in 
the composition of Gimpowder. 

An exceedingly delicate test for the parity ofsaltpetre is made as follows:- 
Dissolve a small portion in a test tube or small phial with distilled water ; 

add a few drops, first of Nitric Acid, then of Nitrate of Silver ; if no 
discolourization takes place, t l~e Nitre is pure. Should a milkiness appear, 
it indicates the presence of a Chloride (common Salt). To  determine if 
the Saltpetre has been over-heated, and consequently if it contains Nitrite 
of Potash, add a drop or two of the Sulphate of Copper : if a green 
colour appears, it is a certain indication that it has been brought to 
too great a heat in the melting process. 

N E W  M E T H O D :  

Forty Cwt. of the Grough Saltpetre is put into a copper with X70 gal- 
lons of water, and treated in precisely the same way as we have before 
described for the first refining ; it is then filtered, and run off into large 
troughs about 10 feet long by 6 feet wide, and 9 inches deep, lined with 
sheet Copper ; this liquor is then kept in a state of agitation by a wooden 
rake until nearly cold : by this process, a large quantity of very minute 
Crystals are formed, which are collected as they form by a wooden hoe, 
and shovelled with a spade on to a frame-work covered with Copper 
Sieving resting on the opposite sides of the trough, and allowed to drain : 
these fine white Crystals, which have exactly the appearance of Snow, 
when they have drained sufficicntly, are raked over into a washing cistern 
adjoining, whicli is about 6 feet long, 4 feet wide, and 3 ft. G in. 
deep, and fitted with a false wooden bottom that call be removed at 
pleasure. Cold Water is allowed to run on to the Saltpetre in this cistern 
till it is nearly level with the top; after remaining for an hour, it is drained 
off, and filled again with fresh water, which is drained ofr aftcr 
about another hour ; the Saltpetre thus obtanied is perfectly pare, anJ 
equal in every respect to the treble-refined by the old method. Tlie wnter 
remaining in the ciatcrns after agitation is lek till the next morning, 
when a quantity oflarger Crystals are formed on the bottom and sides; these 
are equal to once refined by tlic old mcthod, and are used with Grougl~ ; 
the mother liquor is then drained oil', and evaporated in the usual way : 
the water from each washing is conveyed into cisterns, and used with 



Grollgh Saltpetre instead of Water ; but, as it contains a small portion of 
Saltpetre in solution, a lesser quantity of Grough is used to make the pro- 
portions correct. 

DRYINO.--T~~ Saltpetre Flour, however, contains a certain degree of 
moisture, which has to be dried off in the following way; Two large 
copper trays, about 10 feet by 6 feet, with a 3-inch rim, are fixed over 
flues heated by a furnace, 4 inches of sand being between the flues and the 
bottom of the trays : the Saltpetre is spread about 2 inches deep all over, 
and raked about till dry ; it is then barrelled up for use. I t  takes about 
2 hours to dry 5 Cwt. 

On comparing the two systems, there cannot for one moment be a doubt 
as to the immense advantages of the latter over the former. As an exam- 
ple in the retinery where tliis new process is carried on, the result (that is to 
say pure Saltpetre) is obtained in ONE DAY instead of SIX, with less than 
one-half the amount of labour and coals ; the extraordinary ~aving in the 
expense of apparatus will be seen by perusing the following table :- 

TO PftODUCE 25 CWT. A DAY: - 
OLD METHOD: NEW METHOD. 

Crystallizing Pans, 36 gallons) 
(Copper) ................ 

Coppe~s, 500 Gallol~a .......... 3 
Evaporating Pota.. ............ 4 
NIelting Pots.. ................ 4 
31011lds, Gun Metal.. .......... 20 

Filtering Apparatus, Sets ...... 2 
Ptnnps, Copper .............. B 

Crystallizing Pans ........ 60 

Coppers, 600 Oallons ...... 1 
Evaporating Poia ........ 3 
cis,e,s { Copper ...... 2 

Wooden ...... 1 
Drying Traya ............ 2 
Fittcrlr~g Apparatus, Sela . . 1 
Pumps, Copper. .......... 2 

In  addition to this, there is ample room in the present building to erect 
TWO more sets of apparatus, which would then refine 69 Cwt. in o day, 
against 23 Cwt. by the old process. 

On reflection, the reason of the great gain of time by this process will 
suggest itself; in the former method, when allowed to remain quiet, the 
crystals formed are very large, and the spaces left in them always contain a 
certain amount of mother water, which necessitates its being crystallized 
three times to perfectly free it from this liquor : in the latter, the ~rystals  
are so minute that there is practically no spnce for the mother water to 
collect ; conacquentl y, by careful washing, the Saltpetre is obtained per- 
fectly pure. 

C H A R C O A L .  

Charcoal is the next inost important ingredient in Gunpowder; it i s  
vegetable matter changed from its original nature by a chemical process, by 
wliicl~ it becomes applicable to a special purpose. Wood Charcod is the 
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woody fibre that remains after the liquid and more volatile parts have been 
driven off by the fire in the process of charring; the temperature resulting 
from the combustion of Charcoal is much higher than that from burning 
wad, in consequence of the absence of the large quantity of water which 
wood contains, amounting to between 50 and 60 per cent.; the object, 
therefore, of charring wood is the removal of moisture-and also, what 
is of great importance, the expulsion of thoae matters contained in it which 
become volatile before they are burned, thus rendering a large amount of 
heat latent, The woods generally used in tliis country in making Charcoal 
for Gunpowder are-the Alder, Willow, and Dogwood. Other woods are 
used sometimes by English aud foreign manufacturers, but none produce a 
Powder of such quality as obtained from the above. It is usually consi- 
dered that better Charcoal is distilled when the wood is allowed to season 
for a time: but recent experience has shown that wood only lately cut 
and peeled, after being dissicated in a hot chamber, will make equally 
good Charcoal with that wnich has been seasoning for three or four years. 

All the wood which is cut in the Government Grounds, or purchased 
from merchants, is stripped of the bark, on account of its being impreg- 
nated with salts and gummy substances, cut into lengths of 3 feet. for the 
convenience of loarling the iron slips, which are a little above this length, 
and   tacked in the wood yard. It is paid for by the CORD, which is I4 
feet long, 3 feet wide, and S feet high, containing 126 cubic feet. The 
method of charring is performed in the following way :- 

CYLINDER CHARCOAL.-Cylindrical cases of the required size, fitted 
with lids, are filled with wood: these cases are made to fit easily, 
and siide horizontally into iron retorts built in the wall, which 
admit of accurate regulation of heat (communicated to them by 
furnaces underneath), throughout the operation of charring; a great 
saving of time and heat is effected hy their use, as when the wood has 
been properly charred, the case or slip containing it may be easily with- 
drawn, and another containing a fresh charge at once introduced 
into the retort without allowing the latter to cool down, as woald 
otherwise be necessary. When it has been stifficiently charred, (which is 
known by experience in watching the burning of the G ~ R  that is pro- 
duced and is conducted into the fire), the slip is witlidram-n by tacliliny, 
and at once lowered clown into iron coole~w or cases, which are iinmcdi- 
ately covered up with close-fitting lids, and tlien allowed to remain until all 
fire is extinguished; the gootlncss of Cliarconl is an essential point in tile 
manufacture of Gunpowder ; about 25 to 30 per cent. is obtained; and 
one cord will produce about 4 Cwt. of Cl~arcoal : if properly charred, i t  
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8hould have a jet black appearance, and when powdered, a lustre resem- 
bling velvet ; it should be light and sonorous when gently dropped, and 
its fracture should exhibit the same appearance throughout ; it should be 
80 soft as not to scratch polished Copper, and ought not to exhibit any 
alkali when treated with pure distilled water. The Alder and Willow 
Charcoal are easily distinguished from each other-the former having a 
triangular pith most distinctly marked, and the latter a circular one. 
Dogwood is charred precisely in the same way as just described, and is 
purchased by the bundle of 271bs. weight, or thereabouts, each producing 
from 7 to 10 lbs. of Coal ; it is very much. smaller than the Alder or 
Willow, averaging the size of thick ozier ; its pith is circular, and large in 
proportion to the size of the wood, exhibiting, when converted into Char- 
coal, a yellowish metallic appearance ; it is considered by many that this 
Cl~arcoal possesses peculiar properties which more particularly recommend 
it for the manufacture of Gunpowder: I have, however, tried every experi- 
ment on this point, and find no difference between it and carefully-picked 
small Alder or Willow-the strength and cleanness of the powder arising 
morefromperfect incorporation,purity of the ingredients,andproperdistilla- 
tion of the Charcoal than from any other cause. Charcoal is very porous, 
and absorbs very greedily Gasses and moisture from the atmosphere ; no 
large store, therefore, is ever kept, and particular care is taken to 
prepare it only in proportion as it is required for use. Before being used 
for Gunpowder, it should be carefully picket1 over, as portions of dense 
Coal are sometimes formed by the trickling down of tar which has con- 
densed on the top of the retort. T o  ascertain if Charcoal contains alkali, 
powder a small portion, add some distilled water, boil and filter the 
solution, apply litmus paper that has been reddened by any weak acid- 
and, if it contains alkali, the original colour will be wholly or 
partially restored. 

PIT CHARCOAL, which is used for pyrotechnic compositions,and also as an 
ingredient in Pit Powder,* is burned in the following way: from 3 to 4 cords 
of aoorl are built up in a circular mound about 10 feet in diameter, and 5 
feet high, having a hole left in the centre, which acts as a chimney ; this 
mound of wood is then covered with Stubble or Straw, about 3 or 4 inches 
deep, and over this a layer of Charcoal-Dust or Sand, about the same 
thickness ; some lighted Cliarcoal is then put down the chimney, which is 

Pit Po~vder is nn ingredieiit in FUZC Co~i ipos i t io~~  ; it is preferrccl for thin pur- 
pose, froill thc F I IZC~~ Leii~g dorvcr a~ ld  uorc  regular in burning than if made with corn. 
mon men1 Powder, 
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then closed up, and the process of charring commences ; a shifting screen 
is always placed to windward, to regulate the draught, and small holes are 
leR at  intervals to allow the escape of the vapour; after S days and 
nights the operation is complete: the Charcoal thus produced contains more 
of the woody fibre, and burns slower than that made in cylinders ; it con- 
requently is heavier, has a very slight reddish tinge, a more metallic 
eound when dropped, and breaks with greater difficulty. Great attention 
and experience are required in burning' this Charcoal, in consequence of 
which men from the forests are generally employed who are Charcoal- 
burners by trade. 

S U L P H U R .  

This combustible elementary body is found generally in great quantities 
in the neighbourhood of Volcanoes ; it is also obtainable from metallic 
ores, and readily fuzes. A t  170 deg. of Farenheit it begins to evaporate; 
a t  185 to 190 deg. it melts ; at 220 deg. it is perfectly fluid: and at 600 
deg. it sublimes. Sulphur is purified simply by melting : that which is 
supplied to this establishment has been once refined, and the following is 
a description of the apparatus, and method for purifying and rendering 
it fit as an ingredient in Gunpowder. A large iron pot is set about 3 feet 
off the ground, or about the height that an ordinary boiling copper is 
placed, having a furnace underneath. This pot has a moveable lid, which 
is fixed into the top ofthe pot with clay, and in which lid is an iron conical 
plug that can be removed at pleasure: from the pot lead two pipes, one 
to a large circular dome, and another to an iron retort rather below its 
level ; the last-mentioned pipe has a ca~ing or jacket round it, which can 
be filled with cold water ; the communication of these pipes with the 
melting pot can be shut off or opened as occasion requires, by a mechan- 
ical arrangement. About 54 to 6 Cwt. of the once-refined Sulphur is 
broken up into small pieces, placed in the iron melting pot, and sub- 
jected to the action of the furnace : the plug in the lid, and the pipe Icad- 
ing to the dome are now left open, but the pipe to the retort closed ; after 
about from two to three hours a pale yellow vapour rises, when the .plug 
is put in, and the vapour conducted into the dome, where it condenscs in 
the form of an impalpable powder, commonly called Flowers of Sulphur; 
a small pipe leads from t l ~ e  bottom of the dome on the opposite side into 
water, to allow the escape of the air, and Sulphuric Acitl is takrn up 
by this Water. In about 14 to 2 hours after, the vapour becomes a deep 
Iodine colour, when the communication with the dome is shut, and the one 
to the retort opened ; at the same time, Cold Water from a tank above is 
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allowed to pass into the jacket we have before mentioned surrounding this 
pipe; the vapour then distills over, is condensed in the pipe, and 
runs into the retort below in the form of a thick yellow fluid. When nearly 
all has distilled, which can be known by the jacket getting cold, the com- 
munication is again closed with the retort, and the fl  id Sulphur left an 
110ur to get sufficiently cool to ladle out into moulds, the furnace door and 
the commi~nication with the dome at  the same time are again thrown open, 
that the rest of the vapour may pass into the latter ; the Flowers of Sul- 
phur thus obtained are used for laboratory purposes, being unfit for the 
manufacture of Gunpowder, from the acid they contain, and the crystal- 
line Sulphur, after being allowed to cool in the moulds, is barrelled up, and, 
used as the third ingredient in Gunpowder. T o  ascertain the ptrrity ofSul- 
plmr, if a small portion is burned on a piece of porcelain, no residue should 
be left ; also, if i t  is treated with distilled water, litmus paper should not 
be discoloured. 

Having explained in a concise manner, which is all that is necessary in 
the present papers, the method of production and purification of the ingre- 
dients, the next thing to be considered is-their fabrication into Gun- 
powder. 

PULVERIZING THE INGREDIENTS. 

The three ingredients are now ground separately to a very fine powder : 
the mill which effects this and incorporates are so similar, that a descrip- 
tion will be given under the head of uIncorporation." After being ground 
in this way, the Saltpetre is passed tlirough a slope cylindrical reel, 
covered with Copper Sieving Wire of anil 28 meshes to the inch, 
which, as it revolves, sifts it to the required fineness, being then received 
in a box or bin underncath: the Charcoal and Sulphur are lilcewisc passed 
through similar reels of 32-mesh wire respectively, and that which remains 
without passing through, is ground again under the ruuners. A very ercel- 
lent macliine has been invented by MR. HALT., tllc cngineer of Dartford, 
for grinding Charcoal, wliich makes a most uscf~~l  addition to this estab- 
lishment; it consists of a conical drum, worlcing in n conical box, on the 
same principle as a coffec-grinding machine, the ilsis being vertical; tlic 
mill is fcd with chitrcoal by a hopper, and, as it passes through in it fine 
powder, fi~lls into a revolving reel, wl~ich sifts it in the same manner as 
before described, the whole bcing coverell in, to prevent tlle great unnoy- 
ance of [lust wllicll was felt until latcly from the old Cllarco;~l JIill. The 
tl~ree ingredients having been pulverized, are now fit for t l ~ e  lllixing proccss. 
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MILINO THE INQEEDIENTB* 

The ingredients are now weighed out very accurately in the proportion 
of 75 Nitre, 15 Charcoal, and 10 Sulphur in 42 lb. charges,* viz.-Nitre 
31 lbs. 8oz.-Charcoal 6 Ibs. 4 oz. 13 drs,-Sulphur 4 Ibs. S oz. S drs., 
and tl~oroughly mixed in a machine, which consists of a cylindrical gun- 
metal or copper drum, about 2 feet in diameter, with an axle passing 
through its centre, on which there are metal flyers, like forks : the 
machinery is so arranged that the flyers and drun~ revolve in opposite 
directions when in motion at  a rate of about 100 revolutio~~s per minute : 
6 minutes is sufficient for a tl~orol~gh mixture; the composition is then 
drawn off by a slip into canvas b q s  the proper size to hold the 42 lb. 
charges, which are tightly tied, and taken to small magnzines : these are 
called green charges, and are now ready for the next process, incor- 
poration. 

WET MIXING. 

A plan has been patented by MR. DRAYSON, of Maresfield, Sussex, for 
mixing the ingredients met in the following way:-The proportion of Salt- 
petre is put into a pot with about 12 pints of distilled water, and brought 
to the boil, either by steam or an arrangement of flues ; it becomes then a 
solution of Saltpetre : the Charcoal and Sulphur arc next adcled, and tlle 
whole mixed together, so as to form a stiff paste ; it is then turned out 
into bags, and goes througl~ the ordinary process of manufacture: the Char- 
coal, by tliis means, appears actually to imbibe the Saltpetre, and the mix- 
ture must be far more intimate than by the former method. Should a qHick 
and safe arrangement be mat~~red which will enable this plan to be carried 
out, it will add greatly to the capnl>ility of tin cs~~blisl~mcnt, as from expe- 
riment on a small scale it lias been fully provecl that the ingrcdicnts mixed 

The ffunpowiler hferchnrits nlwnys use 60 Iba. in each charge: thia qunntity of 
42 lL8. cvns first fixed upon many ycrrs ago, and L considered by some to posnesr 
importaat virtue-which, howcver, I have never bcen able to rliscover ; moreover, I 
Rave proved by experiihent, tllnt chnrgcs of 60 Ibs. will mike equal Powder i n  every 
respect-and, I consider, with great atlditionnl safety in the nlnn~tfacture; for I am con- 
vinced that nine-tenths of the explosions which occur in t l~is  process proceed from 
thcre not bcing sufficient co~nposition on the mill, whereby the ailrfaces of the runner8 
avid beds occasionally colne in contnct with each other, causing iin~nense friction; 
tl~cre arc lllaliy opil~ioi~s as to the cnllse of these cxploaio~~s in this particulxr stage of 
rnanutcturo : no reason I havc ever l~eard accountn for them so sntisfaotorily, or poinb 
10 clcarly to the re~ncdy. 



in this way require only half the time of incorporation, and produce r POW- 

der as strong and good in every respect as by the present process. 

THE INCORPORATING MILL. 

The Incorporating Mill consists of an iron or stone circular flat bed, 
about 7 feet in diameter, fixed very firmly in the floor of the building 
which coverrr it, whereon two iron or stone cylindrical runners from 5 to 7 
feet in diameter, 14 to I8 inches wide, and each weigliing from 3 to 44 tons, 
revolve : they have a common axle, and a vertical shaft, passing tlimugli 
the centre of the bed, is connected with this axle, and to machinery above 
or .below, which communicates the motion. These runners are not equi- 
distant from the centre, by which arrangement in their revolution every 
part of the composition on the bed is subjected to their action, which is 
three-fold, viz :--crushing, grinding, and mixing ; crusliing, from the 
weight of the cylinders ; grinding, from the twisting motion which they are 
forced into from so large a diameter revolving in so small a circle ; and 
mixing, from a combination of the two former motions. T o  prevent the 
Powder from falling over tlie side of the bed, a wooden rim, about 2 feet 
in height, is placed at an angle of 45 degrees with it, like the side of a fun- 
nel, and fitted closely d l  round its circumference: this is called the 
"Curb;" and in the centre of the bed, a gun-metal ring, or "Cl~eese," 
as it is termed, about 2 feet in diameter, and 5 inches liigli, con- 
centric wit11 the bed, prevents the Powder working beyond intliat dircction; 
moreover, two scrapers or Ploughs," connected by stays witli the 
horizontal axle, revolve with the runners, one rubbing against tlie 
inner, find the otlier the outer circle; these plouglis are made of hart1 mood, 
shod with leather and felt, and tlicir use is continually to disturb and rout 
about t h e  composition, and lteep it under the path of the runners, so that 
every part sliould get its share of incorporation. The houses or sheds 
which cover tllcse buildings have hitherto becn constrircted of wood, wit11 
either corrugated iron or wooden roofing ; the new incorporating mills in 
this factory, which arc just completed, itrc h i l t  with thrcc sides of strong 
3-foot brickwork, and the fourth side and roof of corrugated iron ant1 
glass: t l i e i  arc also placed in a line contiguous to eacli otlier, the altcr- 
nate ones only facing thc samc way, so tllnt an explosion from one would 
probably communicate no further, ant1 t l~e  lighter parts of tlie building 
would blow away, leaving the rest entire. Most of tlrc mncliincry in the 
factory is driven by watcr wheels; the motive power of tllese Mills is 
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Steam :* a horizontal shaft worked by the engine passes underneath the 
entire length of the building in a castiroa tank, and a bevel wheel on this 
shaft is geared into another one on the vertical shaft under the centre of 
each bed, which, communicating with the runners, gives the necessrry 
motion. A very perfect arrangement is made, by which each pair of run- 
ners may be stopped or set in motion independently of the others, and 
without any sudden or jerking movement, which would be likely to cause 
6xplosiona : it is managed in the following way :- 

An iron drum. is cast in one with the bevel wheel, which is loose on. the 
homizont3.l' shaft ; two segments, edged with copper, are keyed on to this 
ohaft, which are made to expand or contract at pleasure inside this drum 
by the action of n lever. These segments being keyed to the sliaft, always 
revolve with it, ancl when made to expand into the drum, the friction im- 
parts the same motion to thc bcvel whcel, and consequently to the vertical 
ehaft in connection with thc runners. 

I n  ordrr, as much as possible, to guard against any explosionspreading, 
above each bed, placed so as just to clear the runners, is suspended or 
balanced a copper tank, holding about 4#0 gallons of water: on one side of 
the tank is  fixed a small shaft, which communicates with similar cisterns 
over the beds of the mills on either side; the other end of the tank rests on 
a flat board, which is subjected to a great part of the force of an 
explosion; this consequently lifts, disengaging the support of tlie 
tank, the contents of wliich drenches tlie bed which has just exploded, 
thereby putting out all fire, and cooling the machinery, besides having a 
similar effect on the mills riglit and left-preventing, by this means, any 
extension of fire. 

INCORPORATINO TIIE INGREDIENTS. 

The charge is spread pretty evenly over tlic surface of the bed, and 
moistened with, from 4 to G pints of distilled water: the quantity varying 
according to the state of the atmosphere ; the runners are then set in mo- 
tion, and run from seven to eight+ revolutions per minute for 94 hours, 

Care hns been tnkeu in provicliny H cllilli~ley of sufficic~~t height to the Uoilcr-houac, 
which, with the furiller cautio~l of using iilwnys Allthrncite Coal, precludes the possi- 
bility of any nccident fro111 Spnrks, &c. fnlling. 

+ In the nca Stenm 3Iills, tllc Rngil~e is nrrnngccl so that from 6 to 14 
revolutions CHII be given to the r~uittcrs 1))' n~crcly nltcrilrg. \\*it11 r Icver, thc positio~~ 
of the Biction whecl on thc nlaili sl~nft, whiclt works tllc govcrllor. I connirlcr that, 
without g o i ~ ~ g  to either crtrcn~c, nlally ndva~~tages will 1~eg;1inrd by fixing t l ~ e  spcctl at 

revolutions, which will greatly reduce the time at presc~it nllowed for incorpol.ntion. 
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daring which time the Powder i~ often routeil up by a copper-sl~od spud, 
and watered slightly with a fine rose-watering pot, according to the experi- 
ence of the millman ; at the end of this time the mixture is thoroughly in- 
corporated, possesses all the chemical properties of Gunpowder, and is 
taken off the bed in the form of cake, varying from 4 to 4 an inch in thick- 
ness, and ofa  blackish grey colour; this is called "Mill Cake," and when 
broken, the fracture should exhibit the same uniform appearance, without 
presenting any sparlcling or yellow specks : should this, however, be the 
case, it is a sign of the ingredients not being snfficiently incorporated : in 
this stage, it undergoes certain proofs ; samples of the cake are taken 
from every charge that is worked, dried in an oven, and granulated; half a 
dram of this is fired in a vertical eprouvette, which it ought to raise 3.5 
inches ; and 4 an oz. is flaslled on a glass plate ; if very little residue or 
ash is left, it is an additional proof of its being well incorporated, alid 
that the millman has done his worlz properly. 

Incorporation is by far the most important process in the manufacture of 
Gunpowder ; for, however carefi~lly the other part of the fabrication is 
carried on, should there be a failing in this, the Powder will be worth 
nothing. 

The great and ultimate object to be attained in the manufacture of Gon- 
powder is-to produce that which shall give equal results with equal 
charges: the greatest regularity should, therefore, be observed in this 
stage ; the millman should have great experience ; the runners and beds 
sho~lld be, ns nearly as possible, the same size and weight, and driven at tlte 
same speed throughout the factory ; at any rate, each charge should be 
worked to the same number of revolutions ; the motion of the runners 
should also be as uniform as possible, which is very satisfactorily accom- 
plished by each water wheel being regulated by a governor. 

In one of the largest Gunpowder manufactories in England, a.new'ine- 
thod has been adopted in this process : the charge is constantly kept moist 
with boiling water by a self-acting apparatus ; the bed of the mill is hol- 
low, and made of iron, througll which a constant supply of hot water or 
steam circ~llatcs from the engine boiler, which raises the temperature to 
abol~t 170 (leg. Parcnl~cit ; it is consideredby the manufucturer that this 
plan s~lcccerls well, prodircing as intimate a mixture of the ingredients, with 
a saving of about one-third of the time. The new mills just coinpleteB 
are constrrlctecl so as to admit of the application of this principle, sliould 
it ever be considered advisable to adopt it. 

DREAKII\'O DOWN TIIX MILL CAKE. 

The Mill Cake, alter it comes off the bed of the Incorporating Mill, is 
placed in woorlen tubs, and taken to small-expense niagazincs, and from 

there, in about 12 hours, to the breaking-down houee : the object of the 
machine from which this takes its name, is to reduce the cake to ii conve- 
nient size for the hydraulic-press box, and also that, by being crushed 
again to meal, it may get a more even pressure: it consists of a strong 
gun-metal frame work, in which are fixed two pairs of fine-toothed or plain 
rollers, which revolve towards each other, working in spring collars, so 
that, on any hard substance getting in by mistake, they would open, and 
allow it to pass through, thereby preventing the dangerous friction which 
would otherwise result. A hopper, or upright wooden funnel, capable of 
holding about 500 lbs., is fixed at one end of the machine, and an endless 
canvas band E ft. 6 in. wide, having strips of leather sewn across at inter- 
vals of 4 inches, passes over one roller at the bottod of the hopper, and 
one at the top of the machine: when set in motion, this conveys the cake 
from the hopper to the highest point of the band; it then falls through the 
first pair of rollers, and from thence through the second, passing in the 
form of meal into small wooden carriages underneath, which, as they are 
filled, move forward by a self-acting motion, making room for others. 
The Mill Cake thus broken down, is fit for the Press, 

PRESSING TIIE MEAL BY THE HYDRAULIC PXESS. 

The meal is now subjected to very powerful pressure ; and, in order to 
explain the way in which this is effected, a short description of the appara- 
tus must be given ; the principle of the hydraulic press is so familiar to 
most, that it will be unnecessaly to do more than shew how the power is 
applied. 

A very strong oak box, P ft. 6 in. square, and P ft. 9 in. deep, is con- 
structed so that two of the sides and lid will fall back on hinges, or form a 
compact solid box when screwed firmly together. Forty-six copper plates 
aft. 54in. square, slide vertically into this box, and are kept f of an inch 
apart by two metal slips with corresponding grooves which can be removed 
when necessary. 

METHOD OF LOADING THE BOX. 

About 8001bs. of the meal is put into this box ~vliile the plates are in the 
position we have described ; whcn full, thc slips are witlldrawn, tlle plates 
being then only separated by thc powtler bctween thcm : tlic lid i~ now 
firmly screwed down, and the box turned over by a11 arrangement of pul- 
leys, so that the plates, which were vertical, will now be horizontal ; the 
present upper side is then unscrewed, and a travelling crane, moving on a 
rail over head, is lowered till the claws attnclied to it hook on to two trun- 
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dons fixed on the sides of the box; it is now hoisted by means of 
a hand wlieel windlass-and the box being surrpeaded, is puehed easily, by 
means of the rail, and deposited in this position on to the table of the ram 
under the press block. The pumps that work the hydraulic press are in 
a separate house, a high traverse intersecting them ; the men, after placing 
the box in the position in which we left it, retire to a room adjoining the 
pump house, and are in comparative safety in the event of an explosion. 
The pumps are now set in motion by a water wheel,+ and are allowed to 
work up to tlie required pressure, which is about 70 tons to the square foot 1 
after this pressure has been obtained, (which is known by the safety-valve 
lifting, ~ n d  the water making its escape) the box is allowed to remain under 
the press for 4 of an hour, a cock is then opened, which allows the free 
passage of the waier from the cylinder, and consequently the descent of 
the ram ; it is then conveyed from under tlie block in the same manner, 
and very easily unloadert, it being constructed, as we have before explained, 
so as to allow the top and two sides to fall back on hinges. The PRESS 
CAKE is then taken out in layers between each plate, rese~nbling dark- 
pieces of slate, about $ an inch in thickness : after a day or no, this hard- 
ens so much as to be difficult to break, and the appearance of the fracture 
resembles that of the finest earthenware; many important advantages are 
gained by this pressure, of which the following are the principal :- 

First-The density of the Powder is increascd, which prevents it fiilling 
to dust in transport, or by ro~lgh usage. Secondly-Its keeping qualities 
are improved, for it withstands the action of the atmosphere, and absorbs 
lees moist~~re than a porous light Powder. Thirdly-it produces more 
grain in the manufacture than mill cake; and a less proportion, conse- 
quently, is lost in dust. Fourthly-a closer connection of the ingredients 
is obtained. Fifthly-a greater vol~lme of inflammable gas is prod~icecl 
'from a certain bulk, than from 4 corresponding bulk of lighter Powder, 

The range, however, is lessened from a greater quantity being blown out 
of a gun unignited; but this small loss is more than counter-balancer1 by the 
former advantages, and actually it is only perceptible in newly-made Pow- 
der ; for a light porous Powdcr Boon loses its superior rarlge from its ab- 
sorption of moisture, while thnt of the dense Powder remains unaltered. 

t There is ~ l s o  an arrangement of Icvers, by which they can be worked by hand, if 
neoeleary, 

GBANULATINO THX PRESS CAKE* 

The next process is Granlllation, or reducing this Press Cake into the 
the proper aizcd grain for cnnnon, musquet, or rifle Powder ; the machine 
which effects this is very beautif~illy contrived, and is entirely self-acting, 
obviating the necessity of any one being in the building while it is in mo- 
tion ; it resembles, in appearance and action, the breaking-down machine, 
except that it is larger, and is fitted with three pair of toothed rollers ofdif- 
ferent degrees of fineness, working in the same kind of collars already 
mentioned, so that, on any liard substance passing through, they would 
open accordingly, and thus prevent friction. A t  one end of the machine is 
a wooden hopper or funnel, which is filled with the press cake; this is 
contrived so as to rise gradually by the motion of the machine, and con- 
stantly to supply an endless band, similar to the one described in the 
breaking-down house ; when the cake arrives at the highest point of this 
band, it falls over, and is granulated between the first pair of gun-metal 
rollers ; under each pair is a screen covered with 8-mesh wire ; all that is 
not sufficiently small to pass through, is carried on to the next pair of roll- 
ers-and, in like manner, that which does not pass through the second 
ecreen is carried to the third pair ; in addition to these screens, there 
are three oblong sieves covered with 8 and 16-incsh wirc, and 56 cloth 
respectively, fixed under, and parallel to each otller, each being separate11 
by about four inches of space, running at ail incline just below the 
three pairs of rollers ; these all lead to little wooden carriages placccl on 
the opposite side of the machine, which are dividcd so as to collect the 
different-sized grain as it passes down : to facilitate the separation 
and sifting of the Powder, ancl to prevent masses of it forming, and clogging 
up the wire, a shaking motion is imparted by a circular wlieel attached to 
the frade-work of these sieves revolving against an octagonal one fixed to 
the machine. Tho grains wliich pass througli each screcn below thc roll- 
ers fall on to the upper one of these three last-n~entioned sieves ; tllr~t p01.- 
tion which passes tl~rougli this, and is retained on the 16-mcsli wirc-is 
cannon powder; thnt pnssing througli the 16-mesh sieve, and rttaincil on 
the 56 cloth, is fine grain; and a board running ;~lso parallel undcr~~coth 
retains tlie (lust that passes through tlie cloth. 

l ' l ~ e  " Clii~cks," as tllcy nrc called, or thosr grains that nru too large 
to pass tlirough these diffcrcnt sieves, are collcctcil in the semc wily as tile 
grain, and undergo the process of granulation again. 
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The hopper, having arrived at  a certain height, and discharged its con- 
tents, rings a bell, which is a signal for the machine to be stopped and re- 
charged : the Powder thus obtainer1 is by no means finished, as it contains 
a good deal of moisture and dust, wl1ic11 have to be expelled, and separated 
from it; it is called, in this state, "Foul-grain Powder." 

DUSTINO LARGE-ORAIK POWDER. 

The keeping qualities of Powder are very much improved by removing 
tlie dust, which quickly absorbs moisture from the atmosphere; this oper- 
ation for large-grain is performed by cylindrical reels about 8 A. G in. long, 
and 3ft. 8 in. in diameter, clothed with 28-mesh canvas, which revolve 
at  the rate of 38 times per minute ; those for large-grain are called 
horizontal reels, in contra-distinction to those for fine-grain, that are 
called slol~e reels : each is enclosed by a wooden case, to prevent the 
dust flying about the house. When the powder has run its time, one 
end of the reel is lowered ; it then runs out into barrels placed to re- 
ceive it, This entirely separates the dust, and imparts a fine black 
gloss, which is sufficient glazing for the large-grain Powder; there, 
however, remains a certain degree of moisture; it has, therefore, to 
undergo a further process of being stove dried: before, however, 
describing tliis next essential part of the manufacture, we must 
follow the course fine-grain has to go through till it  is also fit for this 
operation. 

DUSTING FINE-GRAIN POWDER. 

The Fine-grain Powder has a much geatcr proportion of dust when it 
leaves the granulating house than the large grain; and it is found neces- 
sary, on this account, to use a difftrent kind ofreel. They rcsemble those 
for the former Pjwder, exccpt that they are covered with 44-mesh canvas 
instead of 28, ancl are placed at  an incline which prevents their being 
choked up with the cluantity of dust; each end is also open, and a con- 
tin~lous stream of Powdcr, fed by a hopper, passes tlimugh while they 
revolve, which pours out at the lower enil into barrels : this process is re- 
peated a second time, which sufficiently frees i t  from dust. 

GLAZING FINE-GRAIN POWDEB. 

The Fine-grain Powder tllua dusted, is then glazed for three houra in 
barrels capable of holding Soolbs., which are 3 R. 6in. in length, and 
Xft .  8in. in diameter, revolving a t  the rate of S2 times in a minute. By the 
mere friction of the grains against each other and tlie inside of the barrel, 
a glaze is imparted, presenting a fine polished surface to the grain. 

Powder glazed in this way withstands the action of moisture to a far 
greater extent than unglazed Powder, and in transport very little dust is 
formed. 

An artificial glaze is sometimes given by the addition of a little 
lamp black or Graphite in the glazing barrels ; this plan is not, 
however, adopted in the Government Works, as it is considered that these 
coatings might attract moisture. The small quantity of [lust generated by 
this process, is removed by passing the Powder again through simi- 
lar slope reels to those before mentioned ; these are called slope-reds for 
glazed Powder, which are kept separate. The fine grain is now in a simi- 
lar state to the large-grain in the stage in which we left it ; they both con- 
tain moisture, which it is necessary to expel before they are fit for the 
service, 

6TOVINO OR DRYING POWDER. 

A drying-room, heated by steam pipes, is fitted with open frame-work 
shelves, on which rest small wooden trays about 3 feet long, 1 ft. 6 in. in 
breadth, and in. deep, having canvas bottoms ; on each is spread 8 lb. of 
Powdcr ; this room holds about 40 barrels, or 40001bs.. rvhich remains in 
i t  for 24 hours, and is subjected to a heat of 130 (leg. of Farcnhcit for 16 
hours, communicated by steam passing through pipes arranged horizontally 
on the floor of the room. Thc temperature is riiised and lowered gratlu- 
ally, othcrwisc the too sudden chanse would be likt~ly to destroy tlie tex- 
ture of t l~e  grain. The ceiling and roof are fitted with ventilators, throuyll 
which all the moisture escapes, so that tliere is a constant current of hot 
air circ~dating tllrough the room. I t  is of tile greatest importancc that 
the vapour should bc cnrrietl off; for, if' this is not eff'cctually clone on tlie 
dccreasc of temperature, it would return to its liquid state, allcl form 
ngnin on the Powder. 
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EXAMINATION AND PROOF OB QUNPOWDER* 

The action of heat, however, produces a small portion of dust ; both 
these Powders, therefore, when they leave tlie stove, are reeled in hori- 
eontal reels, clothed with 28 and 44-mesh canvas respective] y for 14 hours : 
this perfectly separates any remaining dust, and gives the finishing glaze 
to the large-pain Powder. This is the final process, and the Powder 
thus finished is taken to the barrelling-up house, weighed out into barrels 
holding 100 Ibs. each, marked L. G. (large grain), and F. G. (finegrain) 
as the cane may be, and stored in magazines 

The proportions of diffirent Powders obtained in the manufacture are 
as nearly as possible seven-tenths large grain-two-tenths fine grain-and 
one-tenth dust: all that is separated in each operation is worked over again 
for one hour under the runners, and goes through the remaining different 
stages of manufacture, the same as the regular work. That rvhich is sepa- 
rated in the last dusting of the fine-grain or musket Powder tllrough tlie 
44-mesh cloth, exhibits s beautiful ulliformityof ga in  : after being reeled 
for la  hours in a 72-mesh silk, it is equal in appearance to the finest 
sporting Powder, and is used to fill Captain Boxcr's diaphragm shells: 
About 8 per cent. is obtained. 

THE POWDER DEST ADAPTED TO TEE ENFIELD RIPLE. 

A great many experiments have been made Iately, and particular attm- 
tion paid to ascertain tlie Powder best adapted to the Enfield Riflc ; 
hitherto common fine-grain Powder, obtained by the n~etliod we have tlr- 
scrihed, has been exclusively used; but it is a queation whether one made 
with greater care, of more even gain ,  and pressed lighter, woulcl not bc 
better suitecl for rifle practice ; the principal t11ing to be pa rdcd  against 
is the fouling of tile piece, tvkicli prevents more thau a limited number of 
rounds being fired without cleaning it. As h r  as cxperi~nents have bccn 
carrier1 at present, it is considered that n Powder made fiom small-woo(! 
Charcoal, from $ to $ of nn inch in dinmeter, incorporated for 4 i~oulr, 
slack pressed, ancl separated so as to obtain an cven grain, betweell a 
16 and 20, or 20 and 28-mcsh wire sieve, will answer, in all respects, 
for this service better than any other. 

The great and ultimate object to be attained in the manufacture of Gun- 
powder is, not so much to produce that which ranges the highest, ns one 
that shall be durable in its texture, not easily deteriorated by atnlospheric 
influence or transport, and one with which equal charges shall produce 
equal effects. I t  sho111t-I present uniformity in the appearance of its grains,* 
which should be angular, crisp and sharp to the touch, not easily reduced 
todustby pressure between the fingers, ordusty inhandling: its spccificgravity 
ehould not be under 55 Ibs. to the cubic foot (thatof Waltham Abbey is pne -  
rally 58 lbs.) taking water at  1000 oz : its strcngth is tested by firirg 
three rounds from an 8-inch mortar, throwing a 68-pounder solid shot 
with a charge of 2 oz. ; this shouldgive a range of from 270 to 300 feet : 
the distance, however, varies considerably, according to the state of the 
atmosphere, and the density of the Powder ; for the greater the density, 
the less the range in small charges. Half an oz. flashed on a glass plate 
should leave little or no residuum; should white beads or globules appear, 
it is a sign of imperfect incorporation. 

All these requirements are of paramount importance, particularly that 
which relates to the equal effect ofgiven charges ; for on this are based all 
calculations connected with Gunnery, and the accuracy of artillery practice 
is entirely dependent on it. 

Many reasons have been advanced why the Government should be their 
own manufacturers to a certain extent-such as the great saving in the 
cost of Powder when cornparcd to the price paid to the Merchants, which 
in seven years of the War from 1809 to 18 15, from the Government having 
Waltham Abbey, Faversham, aud Ballincollig, amounted to upwards of 
£300,000; and, Ilad there been groater capabilities, more than double that 
amount would have been saved: also, by exercising a control over the 
market, exorbitant demands are prevented, which mip;ht be made, were tlic 
Government not in a position to check this by their own establishments. 

No reason, however, is so strong-or of such consequence as the above, 

The proportion of direrent-sized gmin in one Pound of Cannon 130nder, 11na bcen 
h e 4  as under, viz :- 

9'02. that will pass throtrgh an 8 sieve, nnd be heltl on a 12 
S o z . . .  .. .. .. . . a 1 2  .. .. ,. .. .. 16 
2 0 3 . . .  ., ., ,. , . a l 6 .  
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viz.-the prodnction of an eqnal Powder, it being next to an impossibility 
to obtain this result-indeed, it cannot be expected where the great bulk 
is supplied by half-a-dozen different contractors, none of whom pursue the 
same process. 

The Government should therefore, I conceive, be in a position to manu- 
facture for their utmost wants, at any rate all that does not come under the 
head of blank ammunition; the first outlay in buildings and machinery 
would be covered in a few years, and the service ofartillery greatly bene- 
fitled by the use of a Powder that could at all times be depended upon. 
In the Government Factory every particular in the fabrication is most 
carefully attended to, the purity of the ingredients always tested, and great 
attention paid to the proper distillation of the Charcoal ; they are always 
ground in the same way, 'and sifted to the same degree of fineness : in 
fact, every process is always carried on in precisely the same manner ; 
the consequence is, that Waltham Abbey Powder is considered by all the 
best sample to work to : on this point, Major Mordecai, in his excellent 
work, says ;- 

U I would, therefore, propose the Waltham Abbey Powder as the type 
or standard to which our* Powder for military service should conform in 
nearly all respects. In this manufacture, the essential operations are- 
the separate pulverization of the ingredients, their incorporatiol~ by 
the cylinder mills alone, and the formation into cake by moderate 
pressure." 

In addition to the above. reasons of the advantages arising from 
Gover~lment Factories, are the experiments that can be carried on, and im- 
provements made, in producing x i  Powder of superior quality. 1 cannot 
do better than quote a paragraph in the evidence of LORD HARDINOE 
before the Finance Committee of tlle House of Commons in 1838: 

H e  says- 

" At Waltham Abbey, in a very few years after it was constructed, tlle 
Powder waN so in~proverl, that the charge of Powder to the weight of shot 
was reduced from one-half to one-third ; therefore two barrels were used 
instead of three, an advantage in stowing on board ship, as well as 
in the field." 

From the above, it will appear that a great part of the Powder for 

H. M. Government has at present to be supplied by Merchants. Tlle 
contracts are made out sometimes for them to supply their own Saltpetre, 
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and at others for the Government to' furnish it pure at the rate of 77.5 1bs.t 
per barrel of 100 lbs., they finding the other materials and manufacture, 
a corresponding reduction in price being made: as, however, it has to 
come up, in nearly all respects, to the sample,$ the requirements of whiclr 
we have before state& certain PROOFS have to be undergone before being 
received for the different services. 

The follon.ing are the different PROOFS Merchants' Powder is sub- 
jected to : 

Lots of 100 barrels lire sent in, marked with the Number of the lot, and 
the maker's name on the head of each barrel : 25 per cent. of these are 
unheaded in the examining house : the Proof Officer then proceeds- 

FIRST, to take a bowl out of each barrel, and holding it about three feet 
above, pours it our quickly : should there be a good deal of dust, it is satis- 
factorily shown by this means. 

SECONDLY, it is handled and pfessed between the fingers, to test the firm- 
ness of its ga in  ; and should there appear to be any great difference in the 
proportions of different sizes to that laid down as a standard, it is sifted and 
compared accordingly, being rejected should the quantities fall short or 
exceed t11e sample ill any great degree. 

THIRDLY, a barrel or two are selected, and the Powder poured into a 
hopper, under which is placed a box very carefully constructed, so as to 
hold exactly a cubic foot : a slide is now witlldrawn at the bottom of the 
hopper, and the Powder allowed to run into the box in a continuous even 
stream until it is piled up ; the hopper is then removecl, and the Powder 
struck off with a straight edge , level with the top of the box ; the weight 
is now carefully taken, that of the latter being subtracted ; shou~ld this not 
amount to 55 Ibs., it is rejected, as not being of sufficient density.$ 

FOURTIILY, Samples are taken from every barrel and lot for the Firing 
Proof. 

t This allowance of 24 Ibs. cxtra is given to lnnkc up for losses, &c. in t11c course of 
manufacture. 

$ The Merchants are provided annually with a Snlnple of Waltham Abbey Potvdcr, to 
guide them in their rnanuhcture. 

American. 
5 A description will be giveti, in one of the following pages, of an Apparatus in- 

veutcd by Col. A ~ ~ L L I S T  auJ M. BIANCIII to tcst th.e Density of Powdcr. 
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F l n r ~ a  PROOP. An average of 9 rounds of sample Waltham Abbey 
Powder is taken, 3 rounds being respectively fired, at  the beginning, mid- 
dle,and endof the Proof, from thesame kind of mortar beforementioned, with 
a charge of 2 oz. ; an average of 3 rounds, of each lot of the Merchants' Pow- 
der is also taken; shoulcl it fall short by more than 1 in 20, it is rejected. 
FIFTHLY, TO ascertain if any residuum or as11 is left after ignition, abont 

half an ounce is burned on a clean glass plate, and fired with a hot iron ; 
the explosion should be sharp, and produce a sudden concussion in the 
air ; and the force and power of this concussion should be judged by 
that of known good quality ; few sparks should fly off, nor should white 
beads or globules appear, as it would be a sure indication, as we have ex- 
plained before, of insufficient incorporation. I t  is also subjected to a 
second proof. 

SECOND Proor.-A sample of l lb. from each lot, carefully weighed up, 
and a similar nample ofthe Comparison Powder, is exposed for 3 weeks in a 
box perforated with holes (called a damp chest) to tlie action of the atmos- 
phere; this box is placedi~nder cover,so that it is eheltered from the wet, but 
that the moisture can get to it; if, at  tile end of this time, there is a greater 
proportion of difference in range between them than one-twentieth, it is 
rejected; the pounds are also very carefully weighed up again, to ascer- 
tain the comparative absorption of moisture. This is called the hygro- 
metric test. 

The Saltpetre is also subjected to chemical analysis, both as to its 
quality and proportion, in the following way :- 

FIRST, as to its PURITY. About a quarter of an ounce is pounded in a 
mortar with distilled water ; this is put into a test tube, and boiled by a 
spirit lamp ; the solution is then filtered, a few drops of Nitric Acid and 
Nitrate of Silver are added; if cloucliness appears, the Saltpetre is impure 
in proportion to the quantity and dirtir~ess in the appearance of the 
precipitate. 

SECONDLY, as to its PROPORTION. A hundred grains of Powder, freed 
from moistnre, and very accurately weighed, are put into a glass with 
sllfficient distilled water to hold it in solution ; this is boiled and filtered, 
the Chitrcoul and Sulphur being well washed until all Saltpetre is clis- 

; the solution is then evaporated to dryness, and the weight of the 
residue represents the gcr-centoge of Nitre. 

It may also b3 arrived at indirectly, after the filtration, by drying tile 
filter containing the S ~ ~ l p h u r  2nd Charcoal, sr~btrncting the weiyl~t of the 
filter previously aocertitiaetl, tll~ls gctti~ig tl~eir \\.eigl~t; the difliirrncc be- 
tween this and the original weight of Powder beirrg tlie proportion 
of Nitre. 

The following is a description of the principles of an Apparatus called 
the Densimetre B Mercure," which is used in the Drench Service, for 
determining the Specific Gravity of Powder. 

Appareil de Messrs. le Colonel d'Artillerie MALLET et BATIIELEMY 
BIANCHI, pour determiner la Pesanteur Spi.cifiq~~e dea Grains de la Poudre. 
Appareil adopt6 par 1'Adininistration de la Guerre. 

" Parmi les Bpreuves r6glementaires qui servcnt d constater qu'unc 
Poudre est de bonne qualiti. se trouve la dStermination de sa densite 
rEelle. On est convenu d'appeller ' Densit6 rCele' le rapport du Poids 
de la Poudre, au volume de ses Grains tels qu'ils sont constitu6s avec 
leurs pores entr'eux. G6nbralement cette densit6 s'obticnt par l'immersion 
d'un yoids donn6 de Poudre, dans un liquide dont la densit6 est connue, 
et  qui remplirant compl6tement les interstices des Grains ne doit pas 
p h t t r e r  dans leurs pores. C'est sur ce principe que reposent les instruc- 
tions minist6rielles du 5 Juin, 1835. 

" Sur les 6preoves des Poudrea au moyen de l'immersion dans l'eau 
saturge de Salp&tre : mais I'exp6ricnce B demontri. que cette mGthode, 
simple et fagile en apparence, exige des precautions minatieuses et d6li- 
cates, dont l'oubli ou la negligence peuvent alterer les resultats de manisre 
B faire ressortir des anomalies telles, qu'il n'est plus possible d'avoir con- 
fiance dans un semblable procCdS. 

" Ces anomalies provienent des changemens de temp6rature qui peuvent 
soit occasiorrner un d6pot de Salpetre de I'eau saturge. Soit dissoudre 
une portie de Salpktre de la Poudre; elles provienent aussi de la ten- 
dence de l'eau $ p6n6trer dans les  grain^ de la Poudre. 

" Pour obvier B ces inconv6nients on a proposb l'emploi d'nutre liquirles 
tels que l'essenge~ de t6rbbenthine. l'alcool, I'liuile . . . .etc. enfin le bier- 
cure pour y faire I'immcrsion de la Poudre. Le Mercure seul i paru 
propre B conduire B la solution du prolli.me aussi c'est dans cette direc- 
tion que des recherches ont Cti. faites par dcs cornmis~nires et inspectei~rs 
des Pouderies, des officiers nttach0s Q la direction ccntralc des Poudres et 
Salpatre, et que divers appnreils ont Et6 successivement propos6s et soumis 
Q un examcn approfoncli par une commissio~l d61CguCe par Jlons. le 
Ministre dc Ja Guerre depuis 1837, jusqt~'a ce jour aucun tles appnreils 
proposd n'n resolu 1a question d'une manicre assez satisl'aisnrite et ont Et6 
sucpessiverncnt rejettb. 

" Enfin Rlessrs. lc Colonel dlArtillcrie MALLET and BARTIIELEIIY 
BIANCIII, Ingbriieur &Ibci~nigien tlu Scrvicc, de Poudre et Salp?tre, qui 
se sont occ~~pd Je cette question avcc beaucoup de soin, ont propose un 
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appareil qui apres de nombreux hpreuves et un examen rigorew a donn6 
le resultat le plus satisfaisante, et a 6t6 adopt6 par Mons. le Ministre de la 
Guerre, qui en a ordom8 l'emploi dans le Service de Poudre. 

R6 ON THE MANUFACTURE OF OUNPOWDER. 

Major MORDECAI has entered very fully into the subject of the PROOF 
OF GUNPOWDER, and his remarks relating to the Epronvette, Balistic, and 
Gun Pendulum will be foitnd very interesting and instructive :- 

REMARKS ON THE PROOF OF POWDER BY THE EPROUVETTES. 

" Cet Appareil est destin6 a &re d'abord pesi plein de Mercure seul, puis 
aprss y avoir introduit un poid donn8 de Poudre et l'avoir de noilveau 
rempli de Mercure m616 6 la Poudre; la diErence des deux poids est 
evidement la m&me que la diff6rence entre le poids de Mercure deplac6 
et le poids de la poudre. 

Ainsi soit- 

P = Ie poids du vase plein du Mercure. 
P'= le poids du vase plein avec melange de poudre et mercure. 
A = le poids corinu de la poudre. 
B = le poids cherchi. de mercure deplagi. par la poudre. 

On a 
P-P' = B-A; d'ou n=P-P'+A. 

Ainsi 1a diarenge des deux pesees de l'Appareil augment6 du poida 
de la poudre, reprksente le poids de Mercure deplag6. Ce dernier poids 
clivis6 par In densit6 de Mercure (qui cloit etre dGtermin6 ?i priori) donne 
le volume de ce blercure deplag6, volume 6gal B celui occup6 dans la 
vase par les grains de la Poudre. 

Soit D = la rlensite connue de Mercure. 
V = le vol~une de Mercure deplag6, ou le volume 

occup6 par la Poudre. 

D v = -  
D 

Soit D' densit6 c11erchB de la Poudre- 

D'= A - AD - AD 
v - T -  P-P' + A 

* I  La densit6 rGelle cle In Pollclre cst &gale G In tlensiti. du BIercurc multi- 
pli6 par le poids de la Ponrire, ct divisc par lu clifl'Grence des cleux pes6ee 
augment8 rlu poicls de In Poudre." 

" By comparing the reshlts of the proofs by the eprouvettes with those 
furnished by the cannon pendulum, it will appear that the eprouvettes are 
entirely useless as instruments for testing the relative projectile force uf 
different kinds of powder, when embloyed in large charges in a cannon. 
Powders of little density, or of fine grain, which burn most rapidly, give 
the highest proof with the eprouvettes, whilst the reverse is nearly true with 
the cannon. Thus, all the eprouvettes concur in assigning the first rank 
among the cannon powders to the powder F, which is the lowest on the scale 
by the cannon ; whilst the powder A, which is the strongest in the gun, 
is one of the weakest by the eprouvettes. Nor do these instruments 
assign any superiority to powder which is well incorporated, over powder 
of the same kind in other respects, which has been very imperfectly 
worked; on the contrary, they all give results with the powder incorpo- 
rated by 15 minutes' work under the rollers, equal or superior to those 
furnished by the same powder worked 90 minutes. 

"The only real use of these eprouvetws is to check and verify the uni- 
formity of a current manufacture of powder, where a certain course of 
operations is intended to be regularly pursued, ancl where the strength, 
tizsted by means of any instrument, should therefore be uniform ; but as a 
means of proving gunpowder received (as it is in our service) from mnnu- 
factories pi~rsuing entirely different processes, these eprouvettes may be 
pronounced worsc than useIcss, since they may lead to erroneous rcsults. 
By the French mortar eprouvette, scarcely any of the powders which wc 
have found to be the strongest in thc cannon, could be received as having 
given the requircd proof range of 244 yards. 

The results by these eprouvettes correspond generally with those given 
by the 8-inch mortar, with a charge of 12 oz., by tlie l-pounder gun 
penclulum, and by tlie musket pendulum, in which, as in all c:tscs where 
small quantities of powtlcr nrc uscd, rapidity of inflamnlntion is tllc most 
il~fl~rentiirl cle~r~ei~t of strength. 
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Having ascertained that there is no correspondence between the indica- 
tions of the force of cannon powder, which are furnished by the gun itself, 
and those given by the eprouvettes in common use, and also that no accu- 
rate indication of the relative force of different ltinds of powder can be ex- 
pected from the use of blank charges, even with large quantities of pow- 
der, I determined to try whether s ~ ~ c h  an .indication wodd be furnished by 
firing with balls from a gun of so small n calibre that its use would be 
attended with little difficulty or expense, and that the apparatus might 
even be susceptible of removal, if necessary, from place to place. For this 
purpose, I constructed a pendi~lum apparatus for a 2-pounder gun, to be 
fired with balls, with a charge of 4 lb. ; the velocity of the ball to be com- 
pated from the recoil of the gun pendulum alone, in order to dispense with 
the costly and slow process of using the ballistic pendulum. 

The results of the experiments with this pendulum are exhibited in the 
follawing table :- 

SVbfYARY O F  EXPERIMENTS WITH ONE-POUXDER GUN PB'NDULUII. 

Charge of Powder olle Quarter Pourad ; Windage qf BaII 0'0476 in. 

"Froni thcsc rcsults, it opl3cRrS that tlic indications given by t l~c  I-pounder 
gun, with revpcct to thc rcl:ltivc forcc of different kinds of powdcr, con- 
form inucll more ncarly to those of the eprouvettes and t l~c muskct, in 

Kind 
of 

Powder. 

A. 
A. 1 
A. 3 
A. 0 
A. 4 
11. 
B: 1 
13. 3 
C. 
11. 
E. 
E. 1 
E. 8 
E. 5 
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which small charges are used, than to those of the cannon with large 
charges. Thus, again, the powder F, which is among the weakest of the 
cannon powders in the 24-pounder gun, occupies nearly the highest rank 
in the l-pounder gun ; and the powder A, which is the strongest of all the 
cannon powders in the former gun, stands almost at the foot of the list in 
point of strength when tried by the latter ; a similar remark may be made 
with respect to the powders D and K. In short, it appears that low den- 
sity and fineness of grain, which are the qnalities most favourable to the 
quickness of powder, exercise, in general, the greatest influence on the 
force of small charges ; wllilst, in large charges, (unless the powder is 
~XCESSIVELY dense, as the sample E) tlie slower development of force* 
which would be caused by t l~e  less rapid combustion of the coarse grains 
of dense powder, seems to be more than compensated by tlie greater inten- 
sity of the flame produced by such powder ; so that, in the combustion of 
large charges, the ~rliole force of the powder is actually developed in a 
smaller compass, and therefore with greater effect, when the powder is 
dense. 

This remark may be illustrated by a comparison of the initial velocities 
of balls fired with similar charges from a large and a small gun, of nearly 
the same relative length of bore : thus, with a charge of one-fourtl~ the 
weight of the ball, we have :- 

WITH POWDER A :  
In the 24-pounder gun, a velocity of . . 1702 feet. 
In the l-pounder gun . . . . . . . . 1 407 ,, - 

Difference 295 
h- 

Initial 
Velocity 
of Ball. 

Feet. 

1407 
1370 
14G7 
14G3 
1574 
1466 
1381 
1461 
1452 
13iG 
1161 
1110 
I2G3 
1320 

WIT11 POWDER F :- 

Initial 
Velocity 
of.Ball. 

Fcct. 

14'90 
1459 
1470 
1400 

1608 

1892 
13GG 
1400 
1502 
1489 
1594 
1G38 

In tlie 24,-pounder gun, a velocity of . . 1552 feet. 
In tlie l-pounder gun . . . . . . . . 14-70 ,, 

Relative 
Force of 
Porvder, 

843 
821 
860 
877 
94.4 
666 
628 
868 
650 
625 
G32 
(iG5 
757 
857 

Relative 
Force of 
Powder. 

690 
875 
885 
843 

1000 

835 
819 
675 
900 
893 
919 
980 

Difference 82 

Tlie following concl~~sion with regard to t l~c  proof of gunpowder has 
been arrived at by Blnjor I\lordecai :- 
# c  The only reliable ~ ~ l o d e  of proving the strengtl~ of gunpowder is to test 
it with service charges in the arnis for wliich it is dcsignucl; for which pur- 
pose the ballistic pendulums are perfectly adapted, 

------ 

Kind 
of 

Powder. 

F. 
P. 1 
I.'. 0 
G. 1 

G* 6 
K. l. r. 
K. 1. F 
1L. 15 
R. 00' 
S. p. 
X. p.4. 
X.p.6. 



" Although the present tetldency to the use of cannon of very large 
calibre would make the proof by means of a 32-pounder or R4-pounder 
gun more satisfactory than by using a piece of smaller calibre, i t  does not 
seem to be necessary to resort to those heavy guns for obtaining a correct 
indication of the relative force of different kinds of powder. We have seen, 
indeed, that such an indication is not given by a l-pounder gun ; but the 
experiments a t  Metz have ehewn that the 12-pounder gun classes the 
powders in the same order of strength as the 24-pounder ; and further ex- 
periments may, perhaps, prove that a long gun of yet smaller calibre, a 
9-pounder or a 6-pounder, will give corresponding results. As the use of 
the large ballktic pendulum is difficult, slow, and expensive-and aa the 
indications furnished by the recoil of the cannon pendulum correspond with 
those given by the ballistic pendulum, I should propose, for the usual 
proof of gunpowder, to make use of the cannon pendulum alone, employ- 
ing a gun of the smallest calibre which will give correct results, and firing 
the balls into a bank of earth, which would not make them unfit for ordi- 
nary service. 

"An  apparatus of this kind would not be costly, and might, there- 
fore, be erected a t  several of the Arsenals, where powder may be con- 
veniently received for inspection ; the 24-pounder pendulum at Wmhing- 
ton Arsenal being used occasionally for verification. 

In the 24-pounder gun, new cannon powder should give, with a charge 
of one-fourth, an initial velocity of not less than 1600 feet, to a ball of 
medium weight and windage. 

"For the proof of powder for small arms, the small ballistic pendulum 
is a simple, convenient, and accurate instrument. The cost of tlle appa- 
ratus might be very much reduced, without impairing the accuracy of the 
results, by dispensing, in most cases, with the musket pend~rlum, which is 
the most costly part of it, and simply firing the ball into the ballistic pen- 
dulum block, from a barrel sett in a permanent frame. 

" The common eprouvettes are of no value as instruments for determh. 
ing the relative force of different kinds of Gunpowder." 

O F  THE SIZE OF GRAIN FOR OUNPOWDER. 

With r e ~ a r d  to the particular size of grain for Gunpowder, I am confi- 
dent great improvements might be made, both in obtaining greater regularity 
of effect and propelling force, by the adoption of lr more uniform even 
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grain: there are at present half-a-dozen different sizes in our cannon and 
musket powder; and I think it stands to reason, that the more equal the 
aize, the more uniform will be the ignition of all the grains, and consequently 
the effect ofthe same charges will be much more regular. 

I have made many experiments on a small scale, all of which go to prove 
the correctness of this assertion ; they, however, require to be made with 
service charges, to decide the particular size that would be most ndvanta- 
geoue, Major Mordecai does nut think any change is necessary in the 
grain for cannon powder; should, however, it not be deemed incompatible 
with the convenience of service to multiply the varieties of powder for spe- 
cial purposes, he considers that there woirld probably be an advantage in 
ustng very large grained powder for 13-inch mortars and heavy sea-coast 
howitzers, where enormous charges are used : by this means, the strain on 
the gun would be diminished, and the velocity of the ball perhaps 
Ihareased. 

DAMAGED POWDER. 

Gunpowder that may have become too much damaged in transport to 
re-dust, is often worked over again, in the same way as a dust charge, 
provided the Nitre is found to be pure; should, however, the grains not be 
very much broken up--by reeling it for 14 hours, it will be perfectly freed 
from dust, and its original appearance and glaze nearly restored. 

Powder, also, that may have imbibed an undue amount of moisture 
from damp magaaines or exposure, can be re-stoved and dusted, which 
partially restores it : it would, however, be advisable generally, to use this 
Powder for bursting shells, or for blank ammunition salutes, &c. &C.-as 
little dependence can be placed on its regularity of effect, and I consider it 
most desirable that the best Powder sho~rld always be used for actual 
practice and service. 

EXTRACTINO SALTPETRE FROM DAMAOED POWDER* 

However useless Gunpowcler may have become as a propelling agent, 
whether arising from immersior~ in the sea, exposure to weatlicr, or being 
dangerous to re-work, or atore in magazines, from grit, &c, having got 
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amongst it, upwards of one-third, in fact nearly one-half its original value, 
can always be regained by the extraction of the Saltpetre, 96.6 per cent. 
of which can generally be obtained by the following operation .-- 

U Eight barrels, or 800 lbs., is put into a copper with from 200 to 240 
gallons of water, and brought to the boil : the solution is then pumped 
out into troughs, and passed through double filters, in the same way as 
before described for refining Saltpetre, and received into crystallizing cis- 
terns, where it is agitated till the flour is formed; the Charcoal and Sul- 
phur remain behind in the copper and filters, and are of no further 
service. 

REMARKS ON THE MOST ADVANTAGEOUS SITE FOR A GUNPOWDER PACTORY, 

AND THE GENERAL POSITION AND CONSTRUCTION O F  BUILDINOS CON- 

NECTED THEREWITH. 

In making a few remarks on the above eubject, there are two or three 
points to be considered, of which, perhaps, the following are the chief :- 

FIRST, the safest and cheapest motive power for the machinery. 
SECONDLY, the conveyance of the Powder from each stage of manufac- 

ture to the next. 
THIRDLY, the general safety of the buildinp, in their construction and 

position with regard to each other. 
Water seems at once to suggest itself as best calculated to fulfil some 

of these conditions, and the banks of a river o r  head where there is suffi- 
cient fall and water supply would undoubtedly be the most advantageous 
position, both as regards economy and safety, for a manufactory of this de- 
scription. Such a position would also present great facilities for the convey- 
ance of the Powder from one stage of manufacture to another, rendering 
accident less lilcely ; for the covered boats which are used for this purpose 
can be brought alongsiile each building to be loaded, and the Powder trans- 
ferred from one to the other without the risk that other means might entail. 

They should be so situated that each process follows next in succession to 
the previous one, thereby preventing a great deal of unnecessary labour, be- 
sides lessening the lil<elihood of danger, from Powder passing backwards 
and forwards in front of the various buildings. The magazine for the 
finished Powder sllould be as far away as possible from the neiglibo~~rliood 
of the manufactory, and situated so as to be quitc out of the way of farm 
buildings, or trnffic of any sort. 

All sheds or coverings of the machinery ought to be separated as much 
ae possible, and every operation carried on in detached buildings, so that 
any explosion or fire in one should not affect the rest; this should be 
particularly attended to in the more dangerous part of the manufacture, such 
ae granulating, pressing, and dusting, where large quantities of Powder are 
generally going throngh these particular stages. Where space ie limited, 
this object can, to a certain extent, be attained, by placing high traverses 
of earth or brick-work between each, and rows of poplar and other trees 
should be cultivated, and planted so as to intersect the buildings, being 
found materially to assist these artificial meaus. 

The Incorporating Mills, where there is not more than from 40 to 50 lbs. 
working at a time, are found safe with merely a corrugated iron division 
between them, extending rather higher and wider than the Mills them- 
selves. As a general role, the floors of all buildings are covered with 
leather tacked to the wood, copper nails being invariably used ; all pro- 
jections and ledges inside should be avoided as much as possible, as they 
harbour the powder dust which floats in the air. 

Every precaution should be taken against accident by explosion, or fire 
extending. In the Government Factory, engines are always kept with 
hose fixed, and everything ready for an emergency-some in floating 
barges, and others in sheds in different parts of the works, and the whole 
of the workmen are divided into detachments, and told off to their re- 
spective engines, each one having two foremen, who are responsible for its 
being kept in good working order, and who drill their detachments twice 
a month. 

To  prevent friction from grit getting on the floors, and that which might 
arise from nails in boots, no one is allowed to enter any building in those 
that have been worn out of doors, and leather slippers are provided to 
supply their place: in consequence of these precautions, very few acci- 
dents occur in this country, particularly those of a serious character; for 
the small explosions which do happen occasionally, are confined entirely 
to the incorporating process, a remedy for which, in some slight degree, 
I have pointed out in a former chapter. 

In nearly all the private establishments ab~ond that I have visited, there 
apprars to be a total neglect of any of the above precautions; all the proces8. 
es are carried on in adjoining buildings, some in rooms one above another: 
grit, sand, and nails in boots ncver seem to be thought of; nnd in a manufac- 
tory in Prussia, where 1 proceeded to inspect some Powder for the Dritisli 
Government, the examining house or magazine, where there were upwards 
of 500 barrels collected, was merely a slight wooden building close to the 
stamping mills, Powder in it being so thick on the floor that it crum- 
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pled under one's feet like frozen snow. One ma~~ufacturer told me he had 
once an explosion that blew up a great part of his factory, the effect of 
which was still visible, though many years had elapsed ; the name uncon- 
cern, however appears to prevail, and it can only be ascribed to the inter- 
ference of a merciful Providence that these accidents are not of more 
frequent occurrence. 

OBSERVATIONS O N  TEIE MANUFACTURE OP QUNPOWDER ON THE 

CONTINENT. 

I t  is not my intention to enter into any detail of the method employed 
on the Continent for the production of Gunpowder ; but it may not be un- 
interesting to have a slight knowledge of it, particularly as it will shew the 
advantage of our own planof manufacture producing, aR it does, a Powder 
acltnowledged by all to be of the best quality, in durability, strength, md  
equality of range. 

The proportions of the three ingredients'vary slightly all over the Con- 
tinent, being as follows :- 

France . . 
Belgium. . 
Russia . . . . 
Prussia . . . . 
Austria . . . . 
Spain . . . . . . 
United States 

SALTPETRE. 

75 

73*78 

75 

75.5 

76.47 

CHARCOAL. 

12.5 

13'59 

13-5 

13.2 

10.78 

l 14 

PRODUCTION AND PURIFICATION OF TIIE INGREDIENTS. 

Tlie Nitre is purified in a similar way to the new method employeil at 
Waltham Abbey, tllough it is seldom obtained with so faint a trace of 
Chloritles, owing probnbly to its being of an inferior quality, and of higher 
refraction when it is imported. 

The Sulphur is supplied to the manufactories in the form of Roll Sulphur, 
from Marseilles and Bordeaux, where there are very large refineries. 

The Charcoal is prepared from dogwood, alder, willow, hazel, and 
poplar , sometimes in pits, and occasionally in cylinders, as at Waltham 
Abbey; at Wetteren, and in some parts of France, it is distilled by 
the action of steam. The " Charbon Roux," taking its name from its 
brownish red tinge from being only partially burned, was used formerly 
more than now, as the Powder made from it was found to injure, and exert 
very pernicious effects upon fire-arms. 

PULVEnlZING AND MIXING THE INGREDIENTS. 

The ingredients are generally pulverized in copper drums capable of 
holding 224 kilograms: part of the Charcoal is mixed with the Saltpetre, 
and part with the Sulphur ; they are then put into separate drums, which 
revolve about 25 times per minute for three hours, and in which are about 
500 gun-metal or bronze balls the size of good large marbles : the ingre- 
dients are brought to the most minute state of division by these menns, 
and are then mixed altogether for one hour in similar drums covered wit11 
leather, containing wooden balls. 

INCORPORATING PROCESS. 

The fine Powder thus obtained is sometimes merely moistened, so as to 
form a stiffpaste, and passed through rollers, the cake formed being dried 
and granulated, The incorporating cylinders are used occasionnlly, but 
the more usual plan adopted on the Continent to effect this operation is the 
stamping mill, which requires a short description. I t  is nothing more or 
less tlian the pestle-and-mortar principle, each mill consisting of from six 
to twelve bronze or wooden mortars bedded in the floor of tlie building ; 
they are the shape of the frustrum of a cone, the mouth being much nar- 
rower than tile base; the pestles, or stampers as they are called, are made 
of wood, sllorl with either very hard wood or hronze, on wl~ich project 
wooden teetli aborrt 12 inclies long ; a vertical inoveme~~t is imparter1 to 
them by a shaft morlted by tlrc water wlreel lraving similar teeth attached; 
in its rcvol~~tion it raises tile stamper about 18 inches, whicli falls again 
as tlie projection is disengaged, 25 tiincs in s minute; this operation is 



carried on for 18 hours, during which period the charge (about l b lbs.) is 
moistened at intervals, and routed up with a copper-shod spud ; at the 
end of this time, the cake is taken out, and left to dry and harden ; it sel- 
dom receives any presstiri+-though, in some manufactories, presses are 
being erected. 

The cake is then granulated in sets of sieves fitting one into the other, 
having perforated zinc bottoms of different degrees of fineness, which are 
suspended from the ceiling of the room by ropes, an ash spring being 
attached to each box holding the sieves; the cake, is put into the 
uppermost one with some gun-metal balls, and shaken backwards and for- 
wards, which motion the spring facilitates ; it is thus broken-up into dif- 
ferent-sized grain, being separated by passing through the several meshes. 

The grain formed is then dusted in bags or shaking frames covered with 
canvas, and then glazed in barrels. 

STOVIXG OR DRYING. 

In Summer, the process of drying is often performed in tlte sun, and in 
W.inter by the steam stove, in the following way : the Powder is spread a- 
bottt tlnee or four inches thick on a large canvas tray, under which is an 
arrangement of pipes, which convey the hot air, forced by a fan through a 
cylinder heated by steam : it is considered to be sufficiently dried in from 
three to four hours, during which time it is occasionally raked about. In 
some manr~factories it lmtlergoes a further operation of being dusted, and 
is then barrelled up for use. Generally tlle great failing in the foreign 
manufacture is the neglect of the principal stage of the fabrication, viz. 
Incorporation; with the old stamping mill, it is quite impossible that the 
process can be carried out to the necessary extent : the continental pow- 
der is usually very soft in its gain, dusty, and quickly absorbs moisture 
from tlte atmosphere; its density is below.tlte Euglish po~~~\.der, on account 
of its never being subjected to pressure; cotlscqitently it is not so rlurablc, 
and forms 3 gooil deal of dust in transport; a great amount of residue is 
generally left in the gun, and its strength, as a l~ropelling agent, is far in- 
ferior to oor powrlers. On being flaehcd on a glass plate, instcad of 
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producing a sudden concuseion, like the sharp rap of a hammer, it burn8 
more like composition, throwing off a quantity of sparks. 

I have tried many experiments with all kinds of foreign powder, and 
find invariably, if the ingredients are pure, that, on subjecting it to an hour 
and a half s incorporation, and passing it through the remaining different pro- 
cesses, in fact re-ma~iufacturing it, that its range will be increased by from 
80 to 100 feet, its appearance and goodness in all respects equalling the 
Waltham Abbey Powder, shewing clearly the advantage of our system. 

ON THE PURCHASE AND REFnACTlON OF SALTPETRE. 

We have seen that Saltpetre, in its grough state as it is imported, is 
combined with different deliquescent Salts, some samples being more im- 
pure than others, it becomes, therefore, necessary that there should be 
some means of guiding the purchaser in going into the market, in order 
that he may obtain the proper proportion of the pure material for the price 
paid; the difference between the original weight of a certain bulk and that 
which is left after refining being termed the refraction. 

In the trade, the allowed refraction is 5 lbs. per cwt.-that is to say, if 
Saltpetre was at 30 shillings per cwt., and a purchaser wished to buy some 
at 5 per cwt. refraction, 80 shillings would have to be paid ; but, on the 
other hand, if the refraction was below 5 per cwt., more than this sum 
would have to be paid, as agreater proportion of pure Nitre wodd be ob- 
tained in the process of refining, making it consequently more valuable ; 
and if above 5 per cwt., for the same reason, less woi~ld be paid, being of 
an inferior description. 

To make the methorl of purchasing perfectly clear, I will annex a table 
of 5 tons refracted Saltpetre from 1 to 15 lbs. per cwt., and a Broker's In- 
voice: from this, i t  will appear that, according as the refraction is above 
or below the standard 5, so must the difference be subtracted fiom, or 
added to the gross weight, to arrive at the quantity to be paid for, tare 
&c. being taken into due consideration. 
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SCALE FOR FIVE TONS REFRACTED SALTPETRE, FROM 

ONE T O  FIFTEEN POUNDS PER CWT. 

Cwt. qra. l&#. 

1..103 : R : R7 

R..102 : S : G 

5..101 

4..100 

6. ,100 

G.. 99 

7.. 98 

8.. 97 

9.. 9G 

10.. 95 

11.. 94 

1.2.. 93 

13.. 92 

14.. 91 

ILLUSTRATION, AT THE REPRACTION 07 

O Lug. PER CWT. 

BROKER'S INVOICE AT THE REFRACTION OF 24 PER CWT. 

cwt. qr. Ils. 
232 Bags Gross Weight. S98 2 26 832 
Tare 7 l bs. per Bag, D rail 7 

l Ib.perBag, .'. . . . . . 16 2 8 - Cwt. ar. lb. 
162hEbs. .. . . . . I4 2 0 

Cwt. 382 0 l8 232 1bs. .. . . ., 2 0 8 
Add the Refraction of R f *  

per Cwt. . . . . . . . . .: 9 3 8 16 2 S - -- 
Cwt. 391 S 20 at  4.0s. per Cwt. .. .. 783 13 3 

13rokerage 1 per Cent. . . 7 11; 9 
-.---* - 

It Ir called 2 i ,  but  it 19 really the dif. 
krence between 24 and 5, or 23 per Cwt. 

INVOICE AT THE REFRACTION OF S# PER CWT. 

Cwt. qr. Ibs. B40 
R40 Bags Gross Weigllt 348 3 21 9 
Tare 9 Ibs. per Bag; Draft - cwt. qr. ~bn. 

l lb. per Bag . . . . 21 1 20 21601bs. .. .. 19 1 4 -- 240 lbs. . . . . 2 0 l6 
Cwt. S27 2 1 

Deduct the Refraction of Cwt. 21 1 20 
5$  Ibs. per Cwt.* . . 2 1 5 

Cwt. 325 0 94 at 88s. per Cwt. . . & i8 ; 
Brokerage 1 per Cent. 6 3 6 

Tlie means usually adopted by merchants to test for the refraction is- 
by melting a portion in a small mould, breaking the cake, and examining 
the fracture : should it prefient a fibrous radiated appearance, without any 
small lumps, it is consitlered to be of low refraction ; on the contrary, if 
these appear, it indicates the presence of Salts; it requires, however, a 
practised I~aail to form any correctjudgment by this method. Brokers and 
merchants, who are in the 11;rbit of examining it, can judge pretty accurately 
of its purity by the colour, size of its crystals, and general-appearance. 

Gay Lussac's method of examining Nitre consists in mixing about 20 
grains (accurately weighed) of the clrierl specimen, with about 10 grains of 
charcoal powder, and 80 grains of chloride of sodium; this mixture is intro- 
duced by small portions into an iron crucible heated to redness ; the fused 
mass is dissolved in water, the soliitiori coloiaed with litmus, and dilute 
sulphuric acid of known strength added from a graduated glass until a 
sligl~t excess has been employed, which is known by the peculiar bright 
red tint assurneil by the solution. The number of measures of acirl em- 
ployed is then observed, and the amount ofnitrate ofpotassa to trliich they 
correspnntl, calculnterl, Forty parts ( l eq. ) of Sulphi!ric acid ( S03 ) 
correspond to 101 parts ( 1  eq. ) of nitrate of potnssa, as may be seen by 
the following equation, which exhibits tlie action of the carbon upon the 
nitrate of potassa :- 

9 (ILO.NOJ + C ,  = 2 (I<O.CO,) + K2 + 3 CO, ; 

Which is renlly per Cwt. 



nlrerc it will bc seen that cvery equivalent of nitrnte of potassa produces 
an eqi~ivulcnt of carbonate, mhich requires also one cquivalent of sulphuric 
ncid for its neutralization. The chloride of sodium is merely added to tlie 
mixturc to moderate the violence of the deflagration. 

A fallacious result ~vill be obtained by this method, if tlie specimen ex- 
amined contain sulphates, us they are reduced to sulpliitlrs by fi~sion with 
charcoal ; these bring decomposed by sulplriiric arid (wit11 disengagement 
of hydrosi~lph~lrir acid) their presence will involve the use of an excess of 
the test acid, and a conseqllent excess irr the calculilted per-centage of 
nitre. If Iiydrosulphi~ric acid is, therefore, detected on the first atldi- 
tion of acid to the soliition of the fused mass, recourse must be had to sonic 
one of the other methods. 

I n  a former part of this Pamphlet, under the head of " Proof of Mer- 
chants' Powder," I have described sl~ortly the method of determining the 
proportion of nitre in samples of Gunpowder. T o  asce~ tain the amount of 
the other two ingredients, Iiou.ever, requires some delicate manipulation ; 
and, as it may interest some who may he chemically inclined, to try 
samples of Powder, I will transcribe Abel and Bloxam's metliod, from 
page 678 of their cxcellent work, " Hand-boolc of Chemistry," in order 
that those who have not the advantage o i  this book may be able to subject 
Gunpowder to chemical analysis. 

ANALYSIS OF GUNPOWDER. 

I. DETERMINATIOX OF lVfoxs~u~~.-About 20 grains of the powder, 
very finely pulverized, are exposed over s~~ lphmic  acid, IN vacuo, until a 
constant weight is obtained. 

"For ordinary purposes, the moisture may be determined by expcsing the 
powder to the temperature of the water-ovm, until it ceases to lose weight. 
A slight excess is generally obtained by this method, since a smnll por- 
tion of the snlphur in the powder is expelletl, together wit11 the moisture. 

11. ~ E T E R ~ ~ I N A T ~ O X  or  Nl~n~ . -The  dried powder is transferred to 
small beaker, in which it is drenchcd with about three ounces of hot 

water, and allowed tn digest for some t ine upon a sand bath at n moderate 
heat. It is then thrown upon a filter of known weight, previously 
moistenerl, and is waslacd nit11 11ot rvrtcr until a drop of the filtrate, which 
mnst be carefully collcctcd, Icnves r~o  rcsiili~e when cvnpornted upon plati- 
num foil. The filter and residue are then clried i n  the water-oven (or, still 
better, IN VACUO) until tlicir weight is constant. Thc difference in wciglit 

between the residue (MINUS the weight of the filter) and the powder em- 
ployed, will represent thc amount of nitre. 

" TO control this result, the filtrate ancl washings, obtained as above 
directed, are carefully concentrated in FI porcelain dish, a t  a moderate 
heat upon a sand or air-bath, and afterwards transferred to a weigl~ed 
platimirn (or porcelain) capsule, and evaporated to dryness on a water 
bath; the residue is then exposed to a temperature of 800 degrees of 
Farenheit, (14.9 deg. C) in an air-bath, until. it ceases to lose weigllt. The 
quantity of Nitre is thus.determined directly. 

a 111. DETERXIINATION OF SULPIIUR.-T~~S ingredient may either be 
determined directly, or by the loss of weight sustained by dry powder upon 
its removal. 

DIRECT DETERININATION.--l. Abollt 20 grains of the dried powder 
are mixed with an equal weight of pure carbonate of soda, (or of potassa) 
about 20 grains of nitre, and 80 grains of pure chloride of sodium are then 
added, the whole intimately mixed, and then sitb~nitted to fi~sion in a pla- 
tinum crucible, the operation being conducted, and the stllphuric acid deter- 
mined in the fused mass, in the manner directed at p. 653. 

2. A tube of hard glsss provicled with two bulbs, is accurately 
weighed; about 20 grains of dried powder are introthlcecl into one of the 
bulbs, and the weight of the tube and powder noted; the difference 
between tlie two weights will represent tlie amount of powder employed. 
The extremity of the tube nearest to the bulb containing the powder is tbcn 
attached to anapparatus in which dry Iiydrogen isdisengaged. A slow current 
of gas is allowed to pass throitgli the tube ; as soon as the atmospheric air 
is completely expelled, the bulb containing the powder is moderately heated 
by means of a spirit lamp, when tlie sulphur will vnporise, and pass over 
into tile second bulb, where it will again conrlense ; the space of tube be- 
tween the two bulbs must be trnrmed with tlle spirit lamp from time to time, 
lollrevent any sulphur from condensing there. When no more s~rlphur is ex- 
pelled from the powder, wllich is finally cxposed to n ten~peratureapproach- 
ing dull redness, tlie tube is allowed to become nearly cool ; it is then 

cut with a very sharp file bet\veen the two bulbs, and cach pnrt 
is aher~larrls wcigl~ed, cleaned out, ant1 re-weigl~ed. 'J'he amount of sul- 
phur fount1 in the second bulb should correspon(1, a ithin the liinits of error, 
0.5 per cent. loss, to the difyerencc bctwcen tlie first and the finial 
weight of the powder. 

( 4  A slight loss of sulplrur by this method is unnvoiditble, sinnll portions 
being off inccllanicnlly by thc current of hyrlroyen, if ever so slow, 
while a sllla]l quantity is also convcrtcd into ~iytlrosulphuric acid. 
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By adopting the following modification of this method, very accurate 
results may, however, be arrived at :- 

" Inetead of a tube with two bulbs, one of rather wider bore, about 8 
inches in length, is employed, provided with only one bulb, at about 2 
inches from one extremity of the tube. A small plug of dry asbestos 
having been introduced into the long arm of the tube, about 4 an inch dis- 
tant from the bulb, the former is filled with thin filaments of dry bright 
copper, or of the finely-divided metal reduced from the oxide by hydro- 
gen. The tube is then accurately weighed,the dried powder, from which 
the nitre has been removed, introduced into the bulb, and the weight again 
ascertained-the difference will give the amount of powder employed. The 
operation is then conducted as before, with this difference, that the copper 
is first raised to a red heat, and maintained at that temperature, before the 
sulphur is expelled from the powder. The sulphur-vapour, coming in 
contact w ~ t h  the heated metal, will at once combine with it, and no loss 
whatever is sustained. When the operation is completed, and the tube is 
cooled down sufficiently to be handled without inconvenience, it is care- 
fully cut between the asbestos-plug and the bulb; the latter, containing 
the charcoal, is then placed on the balance while wann, and rapidly 
weighed ; the loss of weight expresses the amount of sulphur, which may 
also be directly inferred from the increase of weight of the tube contain- 
ing the copper. 

" INDIRECT DETERMINATION. A weighed portion of the dry residue of 
carbon and sulphur left on extracting the powder with water, is introduced 
into a small flask, and boiled for some time with a solution of sulphide of 
potassium or of sodium, or of sulphite of potassa or soda, until the whole 
of the sulphur is removed. The carbon is then collected upon a weighed 
filter, well washed, dried in a water-oven, and weighed ; the difference 
between this weight and that of the original residue of carbon and sulpliur 
indicates the amount of the latter, which must now be calculated for so 
much of this residue as would be fl~rnished by 100 parts of gunpowder ; 
the result is the per-centage of sulphur, 

" The alkaline sulphides or sulphites employed to dissolve the sulphur 
must be perfectly free from caustic alkali, since the latter is capable oE 
attacking charcoal which has not been very thorougl~ly charred. A mix- 
ture of the bisulphide of carbon and alcohol inay also be employed to ex- 
tract the sulphur. 

1V.-DETERMINATION OF CARBON. The amount of this constituent 
will have been ascertained by difference, and controlled by direct weigh- 
ing in the preceding determinations. It is sometimes necessary, especially 
when CRARBON ROUX has been employed, to determine the amount of 
hydrogen contained in the charcoal; this is effected by burning a 
weighed quantity with oxide of copper in the manner to be described 
in a future part of the work, under the head of Organic Analysis." 

" The results obtained by the indirect metl~od are invariably too low, 
since the extraction of the sulphur is never complete. 






