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For the sake of clarity and in order to treat upanh subject separately this work is divided into
three parts.

Part £' Contains the descriptions of the different buigi and utensils and of the
processes followed in refining saltpetre and sulpbibarring wood and manufacturing them into
gunpowder regenerating damaged gunpowder and #rgasaltpetre from that which is
unserviceable.

Part 2¢ Contains the observations and proposed improvesmerthe different buildings,
utensils and processes described in the first part.

Part & Consists of a report of the present state oRbgal Gunpowder Manufactory of
Waltham Abbey, with plans for its repair, extensamd improvement.
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A Treatise on Gunpowder
Part the First

On the Component Parts of Gunpowder.

Gunpowder is an explosive propellant compound caegoof saltpetre, charcoal and
sulphur.

Saltpetre or nitre is a combination of nitric awrdh vegetable alkali but is never found
pure, being contaminated with other salts and garthtter and is totally unfit for gunpowder
until it has been refined.

Charcoal and sulphur are simple combustible substathe former consisting of the
woody fibres of willow, alder or any other vegetalohatter, the volatile part being driven off;
the latter is a production of nature chiefly abdagdn volcanic countries and in manufacturing
these ingredients into gunpowder at the Royal Gualeo Manufactory of Waltham Abbey they
undergo the following processes.

Process of Refining Saltpetre or Nitre

The buildings in which this operation takes place ealled Nitre refineries. There are
two Nitre Refineries at Waltham Abbey, one capaifleefining 640 and the other 320 tons of
nitre per annum by the process after mentionedh Eafinery consists of a boiling house, a
crystallising house, and a melting house, the ¥alg explanation of the buildings relates to the
latter refinery and the description of the proosskapply to either.

The Boiling House is the first building used instiprocess, and is built of brick similar to
the drawing numbered 1, using louvered vents inrdbéto let off the steam and tanks under the
floor for receiving the liquors poured from thefdient crystals. In this building there are 2
copper boiling pans marked A, for boiling the growggaltpetre and crystals from the first and
second boilings, 2 cast iron evaporating pans ndaBefor boiling the liquor poured from the
three crystals, a cast iron boiler called the fpol marked C, for boiling the refuse salts and
water from the first evaporating pan, and a sn@per for hot water marked D.

Utensils used in the Boiling House and shewn inditaeving numbered 3.

A, A copper boiling pan capable of holding 540 Ga# of water, it is used for boiling the
grough saltpetre and the first and second crystals.

B, A cast iron evaporating pan capable of holdi&@ 8allons of water, it is used for boiling the
liquor poured from the 3 crystals.

C, a cast iron boiler called the foul pot capalfleading 370 gallons of water, it is used for
boiling all the foulest liquors.

a, A false bottom made of deal 1% inch thick, vaithiron ring round both sides to toughen it,
perforated with a number of small holes 4 inchemtapand half an inch in diameter. This false
bottom is placed there to prevent the grough sa#@ed crystals that are put in upon it, from
burning to the bottom of the copper boiling pan A.

b, A skimmer used for skimming the liquor in thgper boiling pans A, it is made with an iron
ring about 1% inch deep, having one side coveréd eloth in the form of a sieve.

c, A copper pump 5 feet long with a 6 inch buckeag used for pumping the liquor out of the
copper boiling pan A, into the trough d.

d, A deal trough 4 feet 8 inches long, used forvegyimg the liquor from the copper pump c, to
the filtering trough e.

e, A filtering trough and stand 8 feet 8 inchedangth, 1 foot 2% inches in width, and 10%:
inches in depth, having four brass cocks and titeriing bags made of Russia duck attached to
each cock.
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f, A copper pouring pan capable of holding/2gallons, into which the liquor runs from the
filtering bags, and in which it is carried to theystallising house, and poured into crystallising
pans.

g, A copper pump 18 feet long with a 6 inch buckeas used for pumping the first, second, and
third liquors out of their respective tanks inte ttast iron evaporating pans B.

h, A copper jet for jetting the liquors out of tegaporating pans B, and the foul pot C, into
filtering bags.

i, A copper skimmer with small holes in it, for skining the liquor in the foul pot C.

k, An iron chisel for chipping the saltpetre fronetbottom of the foul pot C.

l. A copper pan capable of holding 15 gallohwater, and in which the different utensils
are washed.

m, for dipping water.

n,

The Crystallising House is a brick building withuleer vents in the roof, in this building
there are a number of draining troughs, and upch #augh are placed three crystallising pans;
at one end of each row of troughs and under thearsisaller one, sometimes called a gutter, for
conveying the liquor into small tanks for depogtifoul matter after it is poured from the
crystals. The tanks have attached to them coppespwhich are placed within deal troughs,
and carry the liquor into the large tanks in thdibg house, from whence it is pumped into the
evaporating pans. This building is paved with sfcaed on the North side are louver vent
windows to keep it cool.

Utensils used in the Crystallising House and shewthe drawing numbered 3.

p, A crystallising pan 2 feet 6 inches in diametE2,inches deep, and capable of holding 12
gallons of water. When the liquor is brought frame boiling house, it is poured into these pans
to crystallise.

g, A deal cover made of % inch deal, a cover isquatr every crystallising pan to prevent dirt
falling into the liquor and to keep it from coolingo quickly.

r, A deal draining trough 8 feet 8 inches long,e2tf5 inches broad and 5 inches deep in the
centre, having a hole in one end through whichlitheor poured from the crystals runs into the
small trough or gutters, to the tanks.

The Melting House is the last building used in thiscess and is built of brick with
louver vents in the roof. It contains four cashimelting pots marked E, for melting the refined
saltpetre; the bars of the furnaces under themofacast iron three inches thick, they are placed
half an inch apart, 5 bars form a set and weigiw® qu. The flues around the melting pots are
6 inches wide.

Utensils used in the Melting House and shewn irdilagving numbered 3.

E, A cast iron melting pot capable of holding 3%2t@ivNitre.

s, A small ladle for skimming the melted saltpetre.

t, A copper jet for jetting the saltpetre out oé tinelting pots E, and pouring it into the copper
moulds u.

u, A copper mould into which the melted saltpergoured to cool and which forms it into
cakes weighing about 36 Ibs each.
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In the process of refining saltpetre the falsedmtis put into one of the copper boiling
pans A, and the boiler is filled with pure springter and grough saltpetre, in the proportion of
Ten gallons of water to one Cwt of nitre; the fatettom as before stated prevents the saltpetre
from burning to the bottom of the copper whilsisitdissolving. The solution is made to boil in
about 3 hours; a man attends the copper, and tdk#ése scum with the skimmer b, and puts it
into a bucket which is placed upon the edge ofktbider, over which is thrown two or three
saltpetre bags, so that any liquor which is takenwith the scum may drain through into the
copper. This scum consists of earthy matter anditaboe bushel of it is generally skimmed
from the liquor during the first boiling of the gagtre. After the solution has boiled very fast for
about one hour, near 100 gallons of pure wateparénto the copper at a rate of 1 2 gallons per
minute, this is done to make the scum rise morelyfrand to clear the liquor. The solution is
made to boil away fast for about 5 hours, and duthmat time about 5 bushels of scum are
removed; at the end of that period it is pumpeddduhe boiling pan with the pump c, into the
trough d, which carries it into the tefing trough e, only one of the brass cocks in
the filtering trough is first set running into thkering bags attached; from which it runs int@ th
pouring pans f, and all the bags have a little &k@nd thrown into them to assist in clearing the
liquor, and to keep them from clogging. If the kgjudoes not run clear into the pouring pans it is
returned into the filtering trough until it doebgtother cocks are then set running and the liquor
is in like manner returned to the filtering troughtil it runs clear from them also; it is carried i
the pouring pans f, to the crystallising house, abdut eleven gallons are poured into each
crystallising pan, a cover is put over every paat tine liquor may cool slow, otherwise the
saltpetre would not adhere to the sides, but wara itself into small crystals all over the pans,
& when the liquor was poured a great proportiorth@m would fall into the draining troughs,
which cannot be kept very clean and therefore woedplire boiling again to clear them of the
impurities they thus acquired, The liquor standsristallise 36 hours then it is poured off from
the crystals formed and runs back into the tankhénboiling house for further reduction; the
pans are set on edge to drain, and the crystalriased with a little cold water. Every
crystallising pan produces on average 80 to 100db€rystals, and the saltpetre is now
considered as single refined.

The crystals produced from the foregoing processaken back to the <boiling house>
and the other copper boiling pan A, is filled wittem and spring water in the proportion of one
cwt of crystals to ten gallons of water. <It is>deao simmer or boil gently for 5 hours, and any
scum that <rises to the surface> is taken off & ipt the first pan, but very little remains
___and no additional water isiqgotthe copper during <this boiling as it
was> during the first boiling. The liquor is pumpedt of the boiler and filtered in the same
manner as before, and taken to the crystallisings@owhen the same process is followed as in
the first crystallisation.

The same process is followed in the third or laslifgy as in the second.

The liquor which is poured from the first crystadésurns back into the tank
appropriated for it in the boiling house, and 2&[ans at a time are pumped into one of the cast
iron evaporating pans B, the liquor is made to serly fast for 6 hours, during which time about
6 bushels of coals are consumed, and the scum wiB&hto the surface is taken off and thrown
into the foul pot C, it is reduced to about 50 Ordallons, and is jetted out of the evaporating
pan with the copper jet h, into two double filteyibags attached to small frames, runs through
them into the pouring pans f, is taken to the allistng house and poured into the crystallising
pans; after standing three days the liquor is pbimem the crystals that formed, and runs into
tubs at the ends of the draining troughs, andteswaérds poured into the foul pot C. The crystals
produced from this operation are considered asgir@altpetre and are put with it into one of
the copper boiling pans A, to recommence the caiganocess.

The same process is followed in reducing the liquoured from the second and third
crystals, and those that are produced are consli@dersingle refined saltpetre and are put with it
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into one of the copper boiling pans A, and the digpoured from them goes back to the first
evaporating pan B, and it is reduced with the ligfuom the first crystals.

Into the foul pot C, are put from time to time thlé foulest liquors, the sweepings of the
different houses, and the water in which the d#f¢utensils are washed, and whenever it is full
the liquor is reduced in the same manner as thdtariwo evaporating pans, in accomplishing
which, from its great impurity, between 6 and 7 Hmls of coals are consumed. It is the jetted
into filtering bags upon the small frames, run®tigh them into pouring pans, is taken into the
crystallising house, poured into crystallising paasd stood to crystallise for three days, at the
end of that period the liquor is poured off frone trystals formed, and is put again into the foul
pot C, to be further reduced. When a sufficientrgiiya of crystals have been produced from the
liquor reduced in this pot, about 20 Cwt of thera put with one hundred gallons of water into
one of the evaporating pans B, is attended in #mesmanner as the liquors from the three
crystals, and is called a rework. The crystals pced from this operation are considered as
grough saltpetre.

Thus it may be seen that in refining saltpetreeratvery boiling the crystals are
advanced one step; whilst the liquor poured froemthetrogrades in the same proportion.

The crystals produced from the third boiling areught into the melting house in the
crystallising pans, and the produce of four of tHeemg about 380 Ibs, is put into each of the
cast iron melting pans E; the fires are then lithe furnaces, and the saltpetre is melted and
brought to a heat of not less than 800° of FahrelMihis
sufficiently hot to set fire to paper, the fire tine grate is allowed to go out and the nitre is
occasionally skimmed with the ladle s; as soort aggins to congeal on the surface it is jetted
out of the melting pots with the copper jet t, gulred into the copper moulds u, and is thus
formed into cakes of about 38 Ibs each. The heathich the saltpetre is exposed during this
operation wholly depends upon the practical expegeof the workmen and therefore is liable to
much variation. The expense of erecting buildirigslar to the foregoing would be as follows.

£
Boiling HoUSE ... v 1800
Crystallising House ........ccooviiiiiiiiiii e, 1200
Melting HouSe ......oovvviiiii e, 800
A Storehouse for the refined Nitre ................... 300
Total £ 4100

According to the foregoing process, this refinesycapable of refining 400? tons of
grough saltpetre per annum, the produce of whidlefined <nitre is> 320 tons making a loss of
20 per cent consisting of the foul salts and eantlagter. The expense of producing 320 tons of
refined nitre would be £1119 detailed as under.

Perton  Per bbl of gunpowder
Interest upon £4100 the first costof } £ £ sd s d
the buildings at £4 per cent per annum} 164, -..10..3, or -..4x '4732142+
The daily pay of 10 men ------------ 98 or 1.. 4..8%, or -..9% ‘6763392+
180 chaldrons of coal ------------- 360,or 1.. 2.6, or -.9x ‘1607142+
keeping the buildings and utensils in repair 2§0, -..12..6, or-..5x ‘0892857+
Total £1119,0or 3.. 9..11Y4, or 2..8995533+

Process of Charring Wood

The buildings for preparing the charcoal, calleé tylinder Houses are located at
Faversham, a distance of 60 miles from Waltham Abaed to this
manufactory; but charcoal being the ingredient sdcm importance to nitre is now brought
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under consideration. The Cylinder House was folynar saltpetre boiling house, but was
it is a brick building 100 feet ingénand 33 feet in breadth, the roof is tiled. It
contains 4 sets of cast iron cylinders with tubd gasometers for retaining the tar, acid, &c,
extracted from the wood during the process of ahgyras shewn in the plan of the drawing
numbered 4. Every set consists of 3 cylinders nth’kewhich are each 6 feet 6 inches long, 2
feet 3 inches in diameter, and one inch thick;di@mber in each cylinder in which the wood is
charred is 3 feet 6 inches in length. In one endawh cylinder there are 4 pipes or horns, which
extend about 1 foot 9 inches from the chambersugper horn of each cylinder is left open for
the escape of the elements composing tar, aciddéen from the wood; the others are closed
with dumb bosses and the space between them Wilitrdbrickwork. The horns remaining open
have copper pipes affixed to them marked B, aboutz 3nches in diameter, which run
horizontally for a distance of 5 feet, when theyein@ith and are each joined to another pipe
placed perpendicularly marked C, the lower endbh@$e perpendicular pipes are placed in a tub
or trough marked D, nearly full of tar and acice thpper ends are fixed into another pipe laying
upon them marked E, the end of which towards timéreef the building is closed, the other end
enters a tub reversed? called a gasometer marketi€h) is fixed in another larger tub marked
G, one end of a second pipe marked H, also ertiergdsometer F, and the other end is fixed
into the second gasometer marked I, in the largeKtwa third pipe marked L, is also fixed in the
gasometer |, and passes down between the tubs Kamterneath and through the bottom of
the large tub, and rises up above the tar and axtathe principle gasometer marked N. It has
been before stated that there are four sets afdsis, each set has a gasometer F and tub G the
pipes from two of these gasometers enter into eadthe gasometers |, as shewn in the plan of
the drawing, and only one pipe passes from eatheofatter gasometers under and through the
bottom of the tub M, into the principal gasometerTMo pipes marked o, have one of their ends
open and above the surface of the tar and acitianptincipal gasometer N, and also passes
through the bottom of the tub M and along the flobthe building until they arrive within about
6 inches of the walls connected with the cylindeessh pipe here divides into two branches and
one branch enters into the furnace for each seylofders; each branch has a cock so that the
gas from the principal gasometer N may be turnéal imose furnaces only, which are at work.
The furnace is situated under and between thedirdtsecond cylinder; the flue passes under the
second and third cylinders, over the tops of alth&m following the circle? of each cylinder,
and from thence the smoke enters a large spacesfbby the arch over the three cylinders
which is a semicircle and is conveyed beyond tleé# ob the building by a chimney 1 foot 2
inches square. The flue under the cylinders is focines deep, and is divided into four smaller
ones each nine inches wide, as shewn on the gaocahestection of this building. but is only two
inches deep over the tops of the cylinders, ambisdivided into smaller ones but it is under
them. The under sides of the cylinders are covesigd Newcastle fire shoes? to preserve them
from the fire. The gasometer N is balanced by ajlseand may be raised or lowered by means
of a pulley.

This building has a storehouse attached for remgithe charcoal, which is built of brick
and paved with stone, and has also a pot or resdovaeceiving the tar.

Utensils used in the Cylinder House and shewnendtlawing numbered 5.

A, A cast iron retort or cylinder used for charrittg wood, it is 6 feet 6 inches long, 2 feet 3
inches in diameter and one inch thick, each wegfhewt and three form a set.

a, An iron stopper for closing the chambers inaylender.

b, An iron tip for taking the charcoal out of thdinders.

¢, An iron cooler into which the charcoal is putemht is taken out of the cylinders.

d, An iron scraper for cleaning the inside of tligeg.
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Previous to the operation of charring, the woostigpped of the bark, the knotty parts
are removed, and it is cut into lengths of 3 fegtches. About 580 Ibs of wood are put into each
set of cylinders to be charred at one time, thppscs a, are then placed against the edge
provided for that purpose in each cylinder andsih&ces between them and the outer doors are
filled in with sand. The fire is afterwards lit the furnaces, and as the wood becomes heated, the
elements of which pyroligneous acid is composegldaiven from it in a kind of steam which
passes through the pipes B, C, and E, into thiegasometer F, by this time a portion of it has
become condensed forming pyroligneous acid, addpssited in the tub G, the steam then
passes through the pipe H, into the second gasometed more acid is deposited in the tub K,
the remainder of the steam passes down the pipetérs the principal gasometer N, and
becoming condensed therein, is deposited in tige kb M. The elements of which tar is
composed are also driven from the wood, and ag@odscapes through the pipes in the shape of
a white smoke, which mingling with the elements posing pyroligneous acid, is condensed
with them in the different pipes and gasometersfamds tar. In this manner the elements
composing pyroligneous acid and tar continue tdrbeen from the wood during the space of 5
hours in the shape of a smoky steam which willwot or is only slightly inflammable, at the
end of that period the cylinders have become reddiidhe elements of which pyroligneous acid
is composed have been driven from the wood, andldments composing tar being now freed
from the steam composing the acid, escapes irhggesof an inflammable gas, which burns
fiercely if set on fire. When this is the case, tleks in each branch of the pipes a, which had
been stopped are turned, and the gas, passingythtbe different pipes and gasometers enter
the furnaces, and is burnt. After 8 hours burniregwood has become charcoal, and if any fire
remains in the furnace it is raked out, but theroba is left in the cylinders during the night in
order to cool before it is exposed to the air. &grsas the men come to work the next morning,
the outer doors are opened, the sand and stopeersmaoved and the charcoal is taken out of
the retorts with the tip b, and put into the coslerwhere it remains during the day as a
precautionary measure to prevent its taking fires afterwards put into the store. Every set of
cylinders has two men to attend it, and the quanfitharcoal produced from the 580 Ibs of
wood with which they were loaded averages from tb6D70 Ibs, being at the rate of about 29
per cent. The tubs where the tar and acid is degabduring the operation have a small pipe near
the top for carrying off the pyroligneous acid, thebeing heavier sinks and is occasionally
drawn off through a wooden tap, commonly callegiaket and passed in the bottom.

One set of cylinders is capable of burning a sigfit quantity of wood to produce
charcoal for 2500 barrels of gunpowder per annuchamthis building contains four sets, it is
capable of producing 67 tons of charcoal annubiyng a sufficient quantity for 20000 barrels.

The expense of erecting a cylinder house similathtoforegoing including cylinders,
tubs, gasometers &c would be £3000 and the expeinskarring wood to produce 67 tons of
charcoal would be £688 detailed as under.

Per bbl of Gunpowder
Interest upon £3000 the first cost of the} £ £.s.d

building at £4 per cent per annum } 1@0 --..--.. 2% 52
The daily pay of 8 men 320,0r .- 7Y% 72
74 chaldrons of coals 148,or --..--.. 3% ‘208

Keeping the buildings and utensils in repair 100, e-..--.. 2% ‘6
Total £688, or --..-1.. 4% ‘048
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Process of refining Sulphur

The processes adopted at Waltham Abbey for refiotphur are “fusion” and
“sublimation”, the latter process however is seldoifowed, the sulphur refined by fusion being
preferred for manufacturing gunpowder.

Refining Sulphur by the Process of Fusion.

The building for refining sulphur by fusion is 5&et long, 29 feet broad, and is built of
brick, and paved with stone. It contains 4 cast immelting pots marked A, and weighing about
10 cwt, and capable of holding 7 cwt of sulphue tlues around them are 4inches wide, and the
bars of the furnaces are similar to those in thipeai@e melting house. The building is shewn on
the drawing numbered 6.

Utensils used in this building and shewn on thevdrg numbered 7.

A, A cast iron melting pot capable of holding 7 atiSulphur,
and is used for refining the same.

a, A small brush for oiling the interior of the pot

b, An iron stirrer for stirring the sulphur in theelting pot.

c, A rill? skimmer for taking out the lumps frometmelted sulphur.

d, An iron beater for breaking the lumps takenafuhe melted sulphur.

e, An iron skimmer for taking off skimmings frometimelted sulphur during
the first melting.

f, An iron pan for receiving the skimmings takearfr the sulphur during
the second melting.

g, An iron skimmer for skimming the sulphur durithg second melting.

h, A copper jet for pouring the melted sulphur intwling tubs.

I, A copper plate which is placed on the edge efrttelting pots whilst the
refiner is jetting the sulphur into cooling tubs

k, A cooling tub into which the sulphur is pouredcbol.

[, A weighing tub in which the sulphur is weighed.

m, An iron chisel for cutting the foulest partsrfrahe cakes of sulphur.

n, A rake for raking the lumps from the broken $wip

0, A wooden beater for braking the grough and esfisulphur before it
is put into the melting pots.

p, A wooden mallet for breaking the cakes of sutphu

g, A wooden block upon which the cakes of sulplest whilst the refiner
is cutting the foulest parts from them.

r, A wooden lid to put over the melting pots.

In this process the sulphur is broken very smdibiigeit is put into the melting pot; it is
therefore first spread upon the floor of the bungdiabout one inch thick, and broken with the
wooden beaters until no lumps remain. The firgtignder the melting pot before the sulphur is
put in it, and when it becomes warm, it is oiledhasweet oil with the brush to prevent the
sulphurs adhering to it. When this has been dobeutaa shovel full of the broken sulphur is
thrown into the pot, and stirred with the stirreutil it becomes heated to 218° of Fahr when it
melts; another shovel full is thrown into the pamd also stirred until it melts and in this manner
the melting pot is filled, only one shovel full sfilphur being thrown in at a time. If the sulphur
is not all melted it is lumpy, and the lumps arketa out with the rill? skimmer c, or with the
skimmer g, put on the edge of the pot and brokeh thie iron beater d; when the sulphur begins
to cool the skimming is discontinued, and in a shiore an incrustation an inch
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thick forms on the surface of the sulphur, andkisnmed off with the skimmer e, other ??

until most of the intiggrihat are lighter than the sulphur have
risen to the surface, the sulphur is then jettepdoarred with the jet h, into the cooling tub k, and
allowed to cool. This process is called the firgttmg.

When the sulphur from the first melting is coldsiturned out of the cooling tub, and the
contents of each tub is called a cake of sulphbte fefiner cuts off about 3 inches from the
bottoms of the cakes of sulphur, which consistthefimpurities that have sunk to the bottoms of
the cooling tubs whilst the sulphur was cooling] @&called the “bottoms” or “sulphur vivum?”,
and about half an inch from the tops and sidegdd&ttuttings”, the latter is put with the grough
sulphur and melted with it; the former and the skimgs cannot be refined by this process, &
are put away as useless.

The cakes of sulphur are broken up for the secoelling in the same manner as the
grough sulphur was broken up for the first meltialyo the same process is followed in filling
the pot and after two meltings the sulphur is cdeisd sufficiently pure to be used in the
manufacture of gunpowder.

By this process one ton of grough sulphur will proel as follows,

Refined sulphur similar to that } Cwt di

now used in making gunpowder} 14.. 1..0071 ¥ per cent,

Cuttings put with the grough sulphur}

to be refined } 3.. 1.. 0, or 16 % per cent,

Trimmings 1..0..14, or 5 % per cent,

Bottoms or sulphur vivum?_ 1..12, or 6 % per cent,
TotahC 19.. 3.. 26, or 100 per cent.

The expense of erecting a sulphur refinery sintathe foregoing would be £1000, and about
154 tons of grough sulphur might be refined inet pnnum, from which 110 tons of refined
sulphur would be produced, making a loss of 28%cpat; the expense of refining this quantity
of sulphur would be £376 detailed as under.

Per ton Bbl of gunpowder
Interest upon £1000 the firstcostof} ££ s d £sd
the building at £4 per cent per annum} 40, or 7-.3%. ‘09+,0r -..-.. Y4 - ‘'5584415+
The daily pay of 5 men 200]..16..4%4 ‘45+, or-..-.. 1% - 7922077+
43 chaldrons of coals 86, or -..15.. 7% ‘54+, or-..-.. % - ‘3506693+
Keeping the buildings and utensils}
in repair } 50,o0r-.. 9..4 ‘36+, or -..-.. ¥4 -680519+

Total £376, or 3.. 8.. 4Y4 '44+, or -..-..3% -'64925
Refining Sulphur by the Process of Sublimation

The building in which this process is carried ocgafied a subliming kiln or dome, and is
39 feet long, 21 feet wide, and is built of britke roof is slated, and the floor is paved with
stone. It contains a cast iron pot for melting skiphur marked A, a brick dome for subliming
the sulphur marked C, and an ???? for the escapeubfir from the pot as shewn on the
drawing numbered 8. The pot is 3 feet in diametethie lower part, and 1 feet 6 inches in
diameter at the top, the upper part being ovad; 4 inches thick at the bottom, and 1Yz inches at
the top; the lid is of cast iron and weighs 2 Cavtd in it is a small hole about % of an inch in
diameter, through which with an iron rod the refimecasionally ascertains how much of the
sulphur is sublimed, at other times it is closethva plug. The pipe B, conveys the sulphur in a
state of vapour from the pot to the dome, it is enaficast iron, is about one inch in thickness,
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and 1 foot 2 inches in diameter, with an elevatbabout 20 degrees from the pot to the dome.
The dome is 10 feet in diameter, and 10 feet igtitan the interior the walls of it are 2 feet 6
inches thick, are built of brick, and are braced ghbed with iron ¥ inches thick, and 3 inches
wide, and the whole of the inside is lined with kalrire paving stone. The door of the dome is of
cast iron 1% inch thick, and 3 foot 6 inches highs fixed about half way through the wall of
the dome, and has a hole in the upper part 2 inchésmeter, into which one end of a copper
pipe is placed, the other being put into a tub afew

The grough sulphur is not broken up before it isipto the pot in this process, as it is
when refined by the process of fusion; but aboGwt whether lumpy or not is put into the pot
at one time, and the lid is put on and weightedh\aitbout 1% Cwt; the door of the dome is then
shut, the copper pipe is fitted into the hole ie tipper part, some deal boarding is made fast to
the outside of the dome, and the space betweedadtreand the boarding is filled with sand to
make it airtight. After this has been done the irét under the pot and as it becomes heated the
sulphur melts, and finally turns into a kind of wap; in this state it passes through the pipe B,
into the dome C, which being colder than the patises the sulphur to fall to the floor in a fine
powder. When much foul air is created it escapesdbe copper pipe, and through the water in
the tub into which the lower end of the pipe ietix Before the sulphur is taken out of the dome
the door must be left open for 3 or 4 hours f@ éscape of foul air. About 4 cwt of sulphur
may be sublimed in one day, in doing which aboubuéhels of coals are consumed. The
sublimed sulphur is taken out of the dome with enwmn shovel, and if it is to be used in
manufacturing gunpowder, it is melted once in thatimg pots in the building shewn on the
drawing numbered 6, in the same manner as in ngfisulphur by fusion. The sulphur refined in
the manner just described is called flowers of lsutpand one ton of grough will yield as
follows:

Cwt..qu..Ib
Sublimed sulphur in flowers 18.. 1..16about 92 per cent,
Refuse? earthy matter 1112.or about 8 per cent,
Total Cwt .19..27, or 100

The expense of building a subliming dome similathi® foregoing would be £300, it is capable
of subliming according to the process describedpB82 12cwt of grough sulphur annually, from
which about 30 tons of the flowers of sulphur wohtlproduced making a loss of 8 per cent.
The expense of refining would be £134 detailedrateu

Per ton Per bbl of gunpowder
Interest upon £300 the first costof} £ .£..d £.s.d
the building at £4 per cent per'dr20, or -..13.. 4, 0r -..-.. % ‘8571428+
Labour 60,0r2..0.. 0,0r -..-..2 ‘5714285+
17 chaldrons of coals 341012.. 8,0r -..-..1 ‘8571428+
Repairs to the building 20,-013..4,0r -..-.. Y2 ‘8571428+

Tofdl34, or 4.. 9..4, or -..-.. 4% '1428569+

In producing rock sulphur, that is, sulphur in &dsbut not in a crystallised state, a much
greater degree of heat is required than in produtawers of sulphur. The increased heat drives
the sulphur through the pipe B, into the dome G stronger vapour, and the dome being very
hot, the sulphur melts on the floor, and remainghat state as long as a large fire is kept up
under the melting pot. The sulphur may be afterwarélted in the melting pots that it may
crystallise before it is ground at the compositioif, or it may be ground in its rock state.

This building is capable of producing 50 tons afkrgulphur per annum at an expense of
£160 detailed as under.
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Per ton Per bbl of gunpewd
Interest upon £500 the firstcostof} £ ..£..d £.s..d
the building at £4 per cent per"dn 20, or -.. 8..-,0r -..-.. Y4 ‘7142867
Labour 60,0r1..4 ..-,0r-..-.. 1% 1428571+
30 chaldrons of coals ®01..4 ..-,0r-..-.. 1Y ‘1428571+
Repairs to the building 20;..8..-,0r-..-.. Y4 '7142857+
Totdl160, or 3..4 ..- ,0r-..-.. 3% 7142857+

The nitre and sulphur having been refined and theraoal prepared according to the
foregoing processes, are considered fit to be naatwfed into gunpowder, the first operation of
which is the reducing each of the ingredients fio@powder and is called the

Process of grinding the Composition.

The building in which this process is carried orcadled the Composition mill, it is 58
feet in length, 22 feet in breadth, is built of wip@nd the foundations are of brick. It contains
one pair of stones marked A, each weighing 1% tomsgrinding the nitre and charcoal
separately and at different times, another paitkethB, each weighing one ton for grinding the
sulphur, two stone beds upon which the stone rgnremlve, and 3 reels marked D, as shewn
on the drawing numbered 9. The machinery of thikllmg is worked by water falling upon, and
turning the water wheel placed in the centre oftthiéding and marked E, each pair of stones is
turned by an iron spindle which passes throughugiteght shaft C, and through a wooden box in
the centre of each stone, and each spindle ist&faehes in length, 4 inches in diameter, and
weighs about 5 cwt. When the composition is beirayigd, a wooden rake is placed between the
stone runners and revolves with them, being fixedhe upright shafts C, and rakes up the
composition every time the stone runners go ovewib pieces of wood called ploughs are also
placed between the stone runners, one on the initie bed and one on the outside next to the
curb, these are likewise fixed to the upright sh&t rub upon the stone bed, and keep the
composition in the track of the stone runners. iideds are enclosed in deal cases, and are each 6
feet long, 2 feet in diameter, and have one enttlbeas lower than the other, the charcoal reel is
clothed with brass sieve cloth of 36 meshes toitkkh. The composition falls into each reel
through a hopper at the upper end.

In grinding nitre about 190 Ibs are thrown uponlbed stone at a time, the stone runners
are set in motion at the rate of about 6 revol&ipar minute, and as they run round upon the
bed stone they crush the nitre to a powder, wthistploughs keep it in their tracks, and the rake
prevents it from caking together; in about halfreur the nitre is reduced to a fine powder, it is
taken off the bedstone with a common shovel, aridnpo the hopper attached to the __ reel; the
hopper has a jiggling motion and only admits a $iopaéntity of composition into the reel at one
time; the nitre which has been ground fine enouwdls through the meshes in the brass sieve
cloth into the reel cases, whilst the larger pidedisout of the lower end of the reel into a tub,
and are again thrown upon the bedstone with otiver to be again ground. The nitre which falls
through the brass sieve cloth of the reels, isrtaikgt of the reel case and sent to the mixing
house.

The same process is followed in grinding the charand sulphur, about 170 Ibs of the
former are ground at one time under the same patoaes as the nitre, and about 180 Ibs of the
latter are likewise ground at one time, but untlerdmaller pair of stones.

The pair of stones marked A can grind 18 cwt afenior 15 cwt of charcoal per day, and
the pair marked B is capable of grinding 25 cwswlphur in the same period. The machinery of
this building requires a power equal to that ofofses to make the stone runners revolve at the
specified rate.
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The expense of erecting a composition mill simitathe foregoing would be £2500, the
present mill is capable of grinding compositionn@nufacture 8000 barrels of gunpowder
annually, consisting of 276 tons, 17 cwt and 10dbsitre, 11 cwt 1 qu 20 Ibs of charcoal, and
35 tons 14 cwt 1qu 14 Ibs of sulphur, at an expeh£€d50 detailed as under.

Per bbl of gunpowder

Interest upon £2500 the first cost of the} £ £.s.d

building at £4 per cent per annum } 100, -.-.. 3

The daily pay of 3 men 120, or -.-.3%-4

Water power equal to 4 horses 0, b6 - A% -2

Repairs to the building and machinery 0,0 -.-..2 -4
Totalst £450, or -.1.1%

Process of Mixing the Ingredients

The building in which this process is carried orcasled the mixing house, it is built of
brick, is 44 feet long, and 21 feet wide, the rmo&lated and the floor is covered with tanned
hides. Great care is necessary in this processewept any dirt or grit from getting into the
composition, and therefore not only the men whokwbout likewise any other persons when
they enter this building put on slippers. This 8ung is shewn on the drawing numbered 10

Utensils used in this building and shewn on thevirg numbered 10
a, A sieve for sifting the ingredients.
b, A stirrer or mixer for mixing the ingredients.

c, A charge tub for carrying the composition to &mn the mixing house.

The nitre, charcoal, and sulphur, having been séplgrreduced to a
fine powder, are brought to this building, and virgid into portions as below.

Ibs ..oz .. dr Ibs
Saltpetre 31 ..8..0 being in theportion of 75 of saltpetre
Charcoal 6 ..4.45 15abfarcoal
Sulphur 4 ..3.15 10snfiphur
Totallbs 42 ..0..0 In Ibs 100

The three quantities forming the 42 Ibs, are theintpgether into a tub and stirred with
the stirrer b, afterwards the mixture is put irtte sieve a, and the sieve is put into the hopper
marked A on the drawing of this building numberéy the mixture is then sifted through the
sieve a, and is caught in the charge tub c, plémethat purpose underneath; is given the name
of green charge, or composition and is taken tckiz#ge magazine.

The expense of erecting a building similar to tbeeoing would be £400, the present
mixing house is capable of affording accommodatmmix composition for 30000 barrels of
gunpowder per annum at an expense of £286 detzsléallows.

per bbl of gunpowder
Interest upon £400 the first costofthe} £ £..s..d

building at £4 per cent per annum } 16,-or- .. -. - ‘512

The daily pay of 5 men 026r -..-.. 1% -'4

Repairs to the building and utensils 20;0-.. Y2 -’64
Toota £286, 0or -..-..1% -'552
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Charge Magazines

A charge magazine is a brick building having a badhed roof, and the interior is lined
with wood; it is 14 feet long, 10 feet broad, aras$ lbenches on the side, upon which the charge
tubs containing the mill charges are placed, asvshen the drawing numbered 11. After the
composition has been mixed at the mixing house amarges of 42 Ibs it is brought to this
building; and after undergoing the process of aaralgtion at the gunpowder mills it is again
returned to these magazines, from whence it isntéxghe corning house to be processed and
granulated. Every two gunpowder mills have a changgazine attached, and the expense of
erecting one is about £100.

Process of Amalgamating or Incorporating the Contjoos

The buildings in which this operation is carried ane called gunpowder mills; they are
each 58 feet long, 10 feet wide, and are workedvater, the water wheel being placed in the
centre of each building, thereby dividing it inteat equal parts, which are occupied by the stone
runners, stone beds &c. The foundations are blibiriok upon rock piles, and the water courses
of stone; the framing, covering, and roofs, arerelyt built of wood. The following wheels &c,
compose the machinery of a gunpowder mill, andséw@vn on the drawing of that building
numbered 12.

The water wheel marked A, receives the impulséefwater upon its float boards, and is
generally 17 feet in diameter, and 8 feet wideddall of 6 feet, it makes &3 revolutions per
minute.

BB are 2 pit wheels 6 feet 10 inches in diameter @ach has 72 cogs (in all millwrights work
the wheels are calculated according to the numbeogs or teeth). These wheels are fixed upon
the water wheel shaft, and make/®evolutions per minute.

CC are 2 wallow nuts fixed upon the upright shifesd are turned by the pit wheels B, they are
4 ft 4 in in diameter, each has 44 cogs, and eadtem8 ¥ revolutions per minute.

DD are called the cross? wheels or the wallowsyibkxed upon the same shafts; they are 7 feet
3 inches in diameter, each has 78 cogs, and eakbsB&. revolutions per minute.

EE are called the crown wheels over the stoneg,atrefixed upon the shaft

K are 8 feet 1%z inches in diameter, each has 96, @yl each makes 7% revolutions per minute.
FFFF are 4 circular stones, about 6 feet in diamétiot 6 inches thick and each weighs about
3% tons. These are called the stone runners.

GG are 2 circular stones, about 8 feet 3 inchesameter, 1 foot 2 inches thick, and each
weighs about 3V tons; they are called the stone aegllaid horizontally, and 2 stone runners
run round upon each stone bed.

Some of the stone beds and runners have been pdotom Numur? in Flanders, others
from Ireland, and a few from Wales.
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The stone runners F are turned by two iron spindlee of which passes through a
wooden box in the centre of each of the two stamaers upon each stone bed, and through one
of the shafts K. The spindles are 8 feet 6 incloag),l 4 inches in diameter, and each weighs
about 5 cwt. The shafts I, and K, work into stepsses at bottom, and are fitted to the tie beams
at the top by two coupling brasses. The step bsasse which the shafts K work, are fixed into
wooden boxes, raised about 6 inches above the $tet® and are surrounded by a circular
piece of wood called a cheese which is about 2 Geieiches in diameter, 3 inches thick, and
forms the inside of the track of the stone runngrsn the stone beds; the curbs marked I, are
fitted into grooves near the outer edge of theestoeds, and form the outsides of the tracks of
the stone runners. Two pieces of wood called plewghk fitted between the stone runners, upon
each stone bed, one on the inside next to the ehaes one on the outside next to the curb,
which move round with the runners, being fixedhe shaft K, and keep the composition in their
track. Every gunpowder mill has a clock, which epkgoing by a lever applied to the water
wheel shaft, and each revolution of the water whadghnces the clock work? by 12 seconds.

All the gunpowder mills have two stone beds, and pairs of stone runners, which
require a supply of water equal to the power ofo&ses to make the stone runners run round
upon the bed stones 7%z time per minute.

Utensils used in a gunpowder Mill and shewn ondifaeving numbered 13.

F, A stone runner 6 feet in diameter, 1 foot 6 asthick, weighing about 3% tons; it is used to
amalgamate the composition.

G, A stone bed 8 feet 3 inches in diameter, 1 2ooches in thickness, and weighs about 3%
tons; upon this stone the composition is amalgadnayehe stone runners F.

H, An iron spindle which turns the stone runnerg 5, 8 feet 6 inches long, 4 inches in
diameter, and weighs about 5 cwt.

a, A copper water pot for liquoring the composition

b, A rake for raking the composition.

¢, A wooden shover for occasionally moving the cositon.

d, A brush for sweeping the curb, and collectirgnfill charge from under the stone runners.
e, A wooden scuppit for removing the mill chargesf the stone beds.

f, A scotch or block for stopping the stone runners

g, A charge tub for conveying the powder to, amanfithe gunpowder mills.

h, A piece of leather which is laid under the stam@ners, whilst the mill charges are being put
on, and taken off the stone bed.

I, An inside plough for keeping the mill chargetle track of the stone runners, the underside
lined with fearnought.

k, An outside plough the underside of which is dilsed with fearnought, used for the same
purpose.

I, A copper hoe, used in taking the mill chargetb# stone beds.

In this process a charge of 42 Ibs is laid upor eddhe stone beds to be worked at one
time, and about 3 pints of water are put to eadrgd this quantity however, varies according
to the state of the atmosphere, more being requiredty and less in wet weather. After the
charge has been liquored, it is raked over withréke b, and spread upon the stone bed about
half an inch thick; the water wheel gate is thewdred (if it is a sinking gate) and a sufficient
guantity of the water in the mill head is allowedfall upon the float boards of the water wheel
as will cause the stone runners to make 7% rewnisittound the bedstone in a minute. At this
seed the stone runners continue running upon thelgrofor the space of 3 hours during which
time they make 1350 revolutions upon the stone bad; man attends the two pairs of stones,
occasionally sweeping the dust off the curb wité hush d, and moving the charges with the
shover c. After 3 hours working, the mill is stodpand the composition having become mill
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cake, is collected into two heaps between the stameers; two pieces of leather similar to those
marked h, are then placed upon that part of theesbed, from which the mill cake has been

cleared, and a scotch f, is placed at the edgenefad the pieces of leather to stop the stone
runners, and prevent their coming in contact whih stone bed; a small quantity of water is then
let upon the water wheels and the stone runnertiared on to the leathers. The powder which
was under the stone runners is then collected hiegeand the whole of the mill cake is put into

a charge tub, and returned to the charge magazine.

The expense of erecting a gunpowder mill similaheforegoing would be £2500.

A gunpowder mill in perfect order with two pairssibne runners, works off two charges
of 42 Ibs each, in 3 hours, and 14 charges in 24sh&o that 14 x 42 or 588 Ibs the quantity of
composition which may be incorporated by one millidg one day and night. But if the mill
works during the day only, not more than 6 chargk€2 Ibs or 258 Ibs are incorporated.
Supposing therefore there are 300 working days yea including Sundays, then 588 x 300
days 176400 lbs, or 1764 barrels of mill cake ipooated per annum if the mill works day and
night; but if the mill works during the day onljhen 252Ibs x 300 days = 75600 Ibs, or 736
barrels incorporated annually.

In the process of forming the grains abeatof the mill cake is reduced to a fine dry
powder, which must be reworked at the gunpowdelsrbifore it can be made into grains. It is
therefore reworked in quantities of 42 Ibs undehgaair of stones, in the same manner as new
composition for 1% hours, being half the time itswaorked in the first instance; and therefore
1/7 must be deducted from the foregoing quantities ®84land 7 6 barrels to allow for
reworking the dust which will leave a total of 15barrels of gunpowder incorporated per
annum if the mill works day and night; and 648 blrif it works during the day only.

The expense of amalgamating 1512 barrels of gunpowtien the mill works day and
night would be £540 detailed as under.

per bbl of gunpowder
Interest upon £2500 the first cost of the} £ £..s.. d
building at £4 per cent per annum } 1000 1.. 3% - ‘4920634+
Water power equal to 8 horses , 820.. 4.. 2%, - '1746031+
The daily pay of 2 men 80, or -.. 1.. 0% - 7936507+
Repairs to the building and machinery 40, or.. 6% - '3968253+
Tota £540, or -.. 7.. 1% - ‘8571425+

The expense of amalgamating 648 barrels of gunpowien
the mill works during the day only would be £49@ailed as under.

per bbl of gunpowder
Interest upon £2500 the first costofthe} £ £.s..d
building at £4 per cent per annum } 100, 03.. 1x -‘1481+

Water power equal to 8 horses 820,. 9..10%2 - ‘0740+
The daily pay of 1 man 40, 0r-..1.. 2% -'2592+
Repairs to the building and machinery 30, 0r.11 - 4444+

Tota  £490, or -..15.. 1% -'9257+
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Process of manufacturing Mill Cake into Grain

There are two kinds of buildings in which this cgtéon is carried on, one having shaking
frames for reducing the fine powder to grains, & tither a machine invented by the late Sir
Wm. Congreve. The powder granulated by the formachmmes is pressed in screw presses, and
that which is granulated by the latter, is presad8ramah’s hydraulic presses.

Process carried on in a Corning house working Sigakrames.

The buildings connected with a corning house waylshaking frames are
A washup House

A Press House

A Traverse, and

A Corning House.

The Washup House is a wooden building, 14 feet,|8rfget wide, and has a slated roof.
In this building the workmen change their dressed wash themselves after they have done
their work in the Press and Corning houses.

The Press house, is a wooden building 28 feet land,20 feet wide, the roof is slated,
and the floor is covered with tanned hides. It aorg 2 presses marked A, in the drawing
numbered 14, each worked by a screw for pressiagnili cake, and a breaking bin marked B,
for breaking the pressed powder into small pieaded chucks, before it is put into the sieves
upon the shaking frames. The presses are madeanf, wlwe screws are of iron, and the saddles
which receive the nipples of the screws, are ofngetal, and are fixed to the wooden saddles
which press the powder. The cheeks of each pres$afeet long, 1 foot 8 inches wide, and a
foot thick; they are also 3 feet 6 inches aparyy are placed upon a strong foundation of
brickwork; the chambers in which the powder is pegs are lined at the backs and sides with
false cheeks about 1 % inch thick, and are eae®t33? inches long, 1foot 8 inches wide, being
rather narrower at the back part than at the framd, the bed or bottom of each chamber is about
6 inches above the floor of the building. The ismmew of the press is 6 inches in diameter, and
the threads are/g of an inch apart, each weighs about 4 cwt, artdrised by a lever 8 feet in
length. The rule for ascertaining the amount okpuee given by the screw is as follows.

The screw must be turned once round before thstaesie can be moved from one thread
to another, and if it is turned by a lever, as mashhe circumference of the circle described by
the handle of that lever, is greater than the destebetween the threads of the screw, so much
does it multiply the force applied. Therefore, thistance between the threads of the screws of
the presses in the press house beimagf an inch, and the length of the lever appliedum
them being 8 feet, the circle described by the leantithe lever where the power is applied, is
603 inches, or 1608 times greater than the distheteeen the threads and consequently the
power of a man at the end of the lever is multgpll®08 times. The capstan is also used in this
building, and is 9 inches in diameter, the levepligo to turn it is 6 feet in length, and
consequently multiplies any force applied to ittibées.

The breaking bin is 9 feet in length, and 2 feehéhes broad, and for the purpose of
better resisting the blows of the mallet, the bpdruwhich the pressed powder is beaten is made
of pieces of elm or beech, glued together withethés of the grain upwards.

Utensils used in the Press House and shewn orrainend) numbered 15.

A, A screw for pressing the mill cake, it is abdueet long, 6 inches in
diameter, the threads aveof an inch apart, and it weighs about 4 cwt

a, A false bed for the press, the upper side &llinith sheet copper.

b, A copper plate abouti6 of an inch thick, used for separating the mithgje
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in the press.

¢, A wooden block called a follower, which is laidon the mill charges
when they are in the press.

d, A wooden lever for turning the press screw.

e, A large wooden lever for turning the press screw

f, A small lever for unloading the presses.

g, A copper hoe with a wooden handle, for sepagahe press cakes from
the copper plates, and cleaning out the chasrdfehe presses.

h, A large wooden mallet for breaking the pressesakto chucks upon
the breaking bin.

i, A small wooden mallet for breaking those chustl smaller.

k, A wooden scuppit for removing the broken pressedrom the breaking
bin, and putting it into tubs.

[, A tub or barrel for conveying the broken preakecfrom the press house
to the corning house.

m, A barrow for conveying the tubs containing tmeken press cakes from
the press house to the corning house.

n, A wedge used in unloading the presses.

The Traverse is a brick building of an oblong faabout 35 feet in length, and 16 feet in
breadth, the walls are 3 feet thick at the bottthra,outer sides gradually sloping from the base
to the summit, the thickness at which is 1 foohéhies, the inner sides are built up straight, and
the inside is filled with earth; pieces of bondlien are laid across it at different parts to kdep t
walls from bulging. Should either the press or aogrhouse explode, the traverse is intended to
break off the flame, and prevent its setting foete other.

The Corning House is a wooden building 79 feet Josmgd 28 feet broad, the roof is
slated, part of the floor is covered with tannedelsi and the remainder with painted canvass. It
contains 2 shaking frames marked D, in the drawimgbered 14, for reducing the broken press
cakes to grains, and 3 reels marked G, for glathedarge grains; there is also a separating bin
and hopper marked E, a bin for receiving the chiicka the press house marked C, and a small
frame marked F for granulating a small quantityeath mill charge before it is pressed. The
shaking frames are made of wood, are each put ttomby an iron crank having a throw of 9
inches and weighing about 2 cwt; and are suppdryewpes at the corners, which are tied to the
beams above. Upon each frame there are 36 sie8esf Which have their bottoms made of
parchment with a number of small holes punchedetherand the remaining 18 have their
bottoms made of reel cloth of 24 meshes to the;ittehparchment sieves are put into the others
so as to form a double sieve, and in each of thedotherefore 2 pieces of lignum vitae wood,
called runners weighing 2 Ibs each, whose formssaxions of a spheroid flat at top and
bottom. The reels are each 8 feet 6 inches lomd) 2afieet 6inches in diameter; they are covered
with cyphrus silk, or reel cloth of 24 meshes te thch, and are enclosed in wooden cases to
prevent the dust from floating about the buildingidg the operation of glazing the large grain.
The whole of the foregoing machinery requires tregew power to work it equal to that of 4
horses.

These buildings do not stand close to the rivegnuihe banks of which they are built,
but there is sufficient space between for the wakito go from one building to the other; this
space is boarded, and is called the platform, ameinvihe powder is brought to, or taken from
these buildings pieces of tanned hide are laid up@o that the powder barrels do not come in
contact therewith.
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Utensils used in the Corning house and shewn odrdnging numbered 15.

D, A shaking frame made of wood, upon which theeseare placed,
for reducing the press cake to grain.

G, A reel for glazing the large grain, it is linegth reel cloth, or
cyphrus silk of 24 meshes to the inch.

H, An iron crank and nut for turning the shakingnfres, the crank has
a throw of 9 inches, and weighs about 2 cwt.

0, A sieve having the bottom made of parchment wittumber of small
holes punched in it of about 1/8 of an incldiemeter, in these sieves
the chucks are broken into grain by the lignutae runners.

p, A lignum vitae runner, it is about 5 inches iardeter, one inch thick
and weighs 2 Ibs.

g, A sieve having the bottom made of reel clotRéimeshes to the inch, which
lets through the grain and dust, and retaiadatge grain; this sieve
is first put upon the shaking frame, and tleesio, is put into it.

r, A sieve for separating the dust from the finairgrthe bottom is made of
cyphrus silk of 60 meshes to the inch.

s, A bowl with which the broken press cake is thmamto the parchment
sieve.

t, A scuppit for loading the sieves r, with dustidime grain.

u, A sieve for separating the chucks from the laypgen, at the separating
bin, the bottom is made of brass sieve clot8 ofeshes to the inch.

v, A sieve for separating chucks from the fine igiai the separating
bin, the bottom is made of brass sieve clotRdmeshes to the inch.

w, A copper bowl used for putting large or fineigrmto the separating
sieves u, and v.

X, A tub for receiving the dust from the reel cases

In the operation of pressing the mill cake, thesdabottom or bed a, is first put into the
chamber of the press, and the door is fastened|l Zimrges weighing 84 Ibs are then put into
the chamber upon the false bed a, and the largeepiare broken with the large mallet h, one of
the copper plates b, is then laid upon the powdehe press, and 84 Ibs more of mill cake are
put in upon the copper plate, and in this manndrlb8 of mill cake are put into the chamber of
the press, a copper plate being laid between iips. The follower c, is laid upon the last 84
Ibs and a number of blocks are placed upon thevi@i c, between that and the wooden saddle
of the press. The screw supporting the wooden saddhen lowered as far as two men can turn
it with the lever d, after which the large leverisput through the eye of the screw, turned by a
rope from the capstan, and the screw is furtheeted, as far as one man can turn the lever,
with the aid of the capstan, and by this meangtiveder receives a pressure of 574 tons upon
the whole surface of the chamber, which is equdl tons upon each superficial foot; when
the mill cake is first put into the press, it fittkee chamber about 1 foot 10 inches high, but dfter
has received the foregoing amount of pressure, ieduced to about one foot thick, and each
portion of 84 Ibs has become what is termed a pralss, varying from 1 % to 2 % inches thick.

In unloading the press, the screw is raised toritgnal position, and the blocks are taken
off the follower c, the door of the press is thegmimed and one end of the lever f is put under the
centre of the false bottom a, where there is amfic that purpose, and the press man stands
upon the other end, and sways the whole of the powd and down, until it is loosened from
the sides of the press; after the powder has l@sed about 3 inches from the
bottom of the press, the wedge n, is put underngehfalse bottom a, the lever is then put
between the powder and the back part of the poeksde the powder out of the press chamber.
When this is accomplished the cakes are set upwedge for they all come out of the press

33



A Treatise on Gunpowder

together, and are separated by 2 or 3 smart blows fhe wooden mallet; about 40 Ibs of the
press cake is laid upon the breaking bin at a tand, it is broken with the wooden mallet k, into
pieces about % of an inch square, and afterwarttsavsmall mallet |, until there are no pieces
larger than a hazel nut. This operation of breakimegpress cake produces as follows.

Of chucks, pieces too large for grain 63 per cent

Large grain and fine grain 24% per cent

Dust 12% per cent
Total 100

The whole of the chucks, grain, and dust, howeass, collected together, taken to the
corning house, and thrown into the bin marked G= WMater is then let upon the float boards of
the water wheel, and the shaking frames are patrmtion so that the cranks make from 50 to
55 revolutions per minute, about 1% |Ib of the brokeess cake is thrown into each of the
parchment sieves on the shaking frames with thd bpand the lignum vitae runners p, break it
into pieces small enough to fall through the hatethe parchment sieves into those under them,
which retain the large grains called common powdsist the fine grains and dust, fall through
the lower ones also, and are caught upon the snuackise bins underneath. When the cranks
move with too great velocity, the runners attacénikelves to the sides of the sieves, and
produce little effect, and when a much less degfeelocity is produced, the blows given by
the runners are not of that sharp kind from whichna strong bodied gunpowder would be
produced. When the broken press cake is throwntih@ieves, that portion which was reduced
to dust upon the breaking bin, floats about thédimg by the action of the frames, creating those
clouds of dust which render this process so exthei@ngerous. The sieves are kept supplied
with broken press cake from the chucks and evemnibutes the frames are stopped in order to
ascertain if the bearings of the cranks have bedwaéed. In about an hour 50 Ibs of the broken
press cake may be reduced to grain; the framethanestopped, the parchment sieves are taken
out of the lower ones, and the frames are agairertadork a few times to clean the large grain
of dust, after which it is collected from the salesieves, and put into the separating bins, to
have any chucks that may be with it, separated ftpeight sieves similar to the one described
are then put upon each of the shaking frames repbdé eight which are taken off, the fine grain
and dust are collected together into the troughthbysides of the bins under the shaking frames,
and are put into those sieves; the frames are agaim motion, and the dust separated from the
fine grain, falls upon the smacks, and the gramaies in the sieves; afterwards the frames are
stopped, the fine grain is collected into barreld taken to the separating room, the dust is taken
into the reel room, weighed into charges of 42 Bosg sent to the gunpowder mills to be
reworked into mill cake.

After the fine grain has been brought into the ssjrag room, it is taken to the
separating hopper, and run through the sieve theife are any chucks, they are separated from
the grain and are thrown into the bin C, the finairgfalls thro’ the hopper into barrels, and is
afterwards taken to the dusting sieve. The largengis also run through the sieve u, to be
separated from the chucks, and is afterwards tek#re reel room to be glazed.

In the process of glazing, about 2 cwt of the graiput into each reel at one time, and
these machines are made to turn upon their ownaéxiagt 10 times per minute for one hour, this
operation breaks off the sharp angles and soft pdrthe grain, and gives it a bright appearance.
At the expiration of one hour the doors at the evidthe reels are opened, and the ends of the
reels are lowered about 6 inches so that the pofatlserout into barrels, and when a number are
so filled, they are sent to the receiving magazgain, from which they are taken to the stoves
to be dried.
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The produce of each pressing containing 504 lgppwfder is as follows,
As large grain, or common powder250 Ibs or 438/63per cent
Fine grain, or musket powder 100 Ibs or 193/63per cent

Dust 154 Ibs or 36/63per cent
Total 504 Ibs or 100

The number of men employed in these buildings vtheg are in full work, are

Foremen, superintending the work 1
Press men, pressing the mill cake 1
Breaking the press cake into chucks upon the bngdsin }
and occasionally assisting at the presses andrghfkimes} 4
Separating chucks from the large and fine graims an  }
occasionally assisting at the shaking frames } 1
Attending the shaking frames 1
Boatmen conveying the powder to and from the buogdi 2
Total 11

who press and granulate 5 pressings containing #2®f mill cake per day, and from it
produce about 1750 Ibs of grain, the remaining B8Mbeing reduced to dust; of this 770 lbs of
dust, about 50 Ibs are totally lost by floating afbthe building, settling upon the machinery, and
escaping out of the windows, leaving only 720 Ilisol can be taken to the gunpowder mills to
be reworked as already shewn.

The expense of erecting similar buildings to thedoing would be as under,

£
Washup house 100
Press house 870
Traverse 700
Corning house 3030
Total 4700

These buildings are capable of manufacturing 500@els of gunpowder into grain per
annum, at an expense of £1890 detailed as under.

Per bbl of gunpowder
Interest upon £4700 the first cost of } £ £.s.d
the building at £4 per cent per annum}  188;0r.. 9x ‘096

One foreman superintending the work 78;.0r.. 8%2 - '976
The daily pay of 10 men 480, or -..1..11x  '16
Water power equal to that of 4 horses 160s.0f.. 7% - 72
Reworking the dust 374,0r -..1..5%-'808

Value of the dust totally lost as powder}
by settling upon the machinery and }
escaping out of the windows } 360,-..1..5%, -’12
Repairs to the buildings and utensils 280;.. 1.. X
otdl £1890,o0r -..7..6% -’88

35



A Treatise on Gunpowder

SNV V7S ZA70H.9

B e N
N

g vy

2

f e

S NVLLASAS

/
/s 3

e 7 =r

T

P

|

1]

gy g R T

TN YLATNGH

iy

_ . _ . .
nespgpr Soppnass k\\C PR I P —— S A

eringe Faese. \\

AN

Drawing 17

36



A Treatise on Gunpowder

B

R At ROV Vol
; : L

r ——
poofoct : 7 7

— e

o I 0 Iml

PPIRO Y \NN\\.M\& ~% Q.\\ \&‘\\~ ““\»N\\Q\N

[~

Drawing 18

Y
)

,\\\\.\& X - WQ S il V\\.\\\\\“

7

— - ———
B8 T > .
S5
z

N\\\\\M x&w\\\\w> \\\\ w\\ Y &\\\\\w\\\\

&\..w

“

\ 2y 2 T g Gairessy g g s \&W\\\@J el

e

7

37



A Treatise on Gunpowder

Process carried on in the Corning House workingaahvhe
invented by the late Sir Wm. Congreve.

The buildings connected with this corning house are

A building containing a breaking machine for rechgcmill cake to dust,
A washup house,

Three traverses,

A press house, and

A Corning house.

The building containing the breaking machine igidct from the corning house; it is 26
feet long, 9 feet wide, has a boarded roof, andltwe is covered with tanned hides; two of its
sides are built of brick, and the remainder of wasichilar to the drawing numbered 16. The
breaking machine consists of 2 pairs of gunmeténg) with sharp cutting teeth, and one pair is
placed about 1 foot 6 inches above the other. Tpemupair marked A, are placed ¥ of an inch
apart, are 7 inches long, 3 inches in diameter tlaadeeth are/160f an inch in length; the lower
pair marked B, are placed abaug of an inch apart, and are 1 foot 10 inches long,iri¢h in
diameter, and the teeth amg of an inch in length. The rollers are supplied witil cake from
the hopper marked C, by a band made of web clothjrathe upper part of the hopper there are
copper flaps, which only allow one thickness oflradke to be dropped between the rollers at
one time. This machinery is worked by water, argir@s a power equal to that of one horse.

Utensils used in this building and shewn on thevirg numbered 18.

A, One of the upper pair of gunmetal rollers.

B, One of the lower pair of gunmetal rollers.

a, A piece of the band which supplies the rolkeand B, with mill cake from the hopper C.
b, A barrel for carrying the powder to the presade

The Washup House is a wooden building 25 feet 18nget wide and the roof is slated.
It is divided into two parts, one of which is udaglthe men as a washing house, and the other
contains the pumps and cisterns for working therdayiit presses in the press house; the pipes
through which the water is injected into the lapgistons of the presses, passing through the
brick traverse which is between the washup housketlag press house; the floor of this part of
the building is covered with tanned hides.

The Traverses are of a rectangular form, the ceraer slightly rounded off and the tops
are turned with brickwork, they are each aboutdsi fong, 20 feet wide, and 40 feet high; the
outsides are built of brick, and the interiors flted with earth, and thus form a solid mass, and
pieces of bond timber tie the walls together, arglv@nt them from bulging. One is situated
between the washup and press houses, another betine@ress and corning houses, and the
third at the other end of the corning house.

The Press House is a wooden building 28 feet land, 20 feet wide the roof is slated
and the floor is covered with tanned hides. It aor# two bins marked E on the drawing
numbered 17, a hopper, and 2 presses marked Fyweakéd by one of the Brahmah's hydraulic
pumps. The power of these hydraulic pumps is mesk than the power of a screw, but the
powder is pressed in thinner cakes, and thereforabout equal in density to that which is
pressed in thicker cakes in the screw presses.

The power of hydraulic pumps depends upon the sitede injecting pipe and the
working piston, and the length of the pump handléewer, the amount of pressure given to the
powder in these presses may therefore be ascettam®llows.
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The injecting pipe is one inch in diameter, the kuag piston is 10 inches in diameter or
100 times as large as the injecting pistons, thepgpandle is 16 times longer in the long
fulcrum, than it is in the short fulcrum, multiphg any weight applied to the end thereof 16
times, and two men usually work it, whose unitedgives may be calculated at 24 stone or 336
Ibs.

Therefore 1x100x16x336 will give 537600 Ibs or 2#Ms. The friction or resisting
power is equal to 1/8 of the whole pressure, dedgathich from the before mentioned 240
tons, will leave 210 tons as the total amount espure applied to the powder in each press.

Each press has 2 boxes together equal to a surfack feet, which are worked into and
out of their places by a pinion upon a revolvinghdfe, that operates upon a rack at the bottom
of the boxes; the spindle passes in front of bo#isges, and through the traverse into the washup
house, & is marked L.

Utensils used in the Press House and shewn orrainend) numbered 18.

¢, Two press boxes made of 2 inch oak plank, twihef sides may be removed
and the other two are fast.

d, A comb, rack, or guide, put down the sides effiress boxes, to keep the
copper plates at equal distances apart, whispowder is being filled
into the space between them.

e, A copper or gunmetal plate 1 foot 8 inches Idnfpot 6 inches wide, and
1/8 of an inch thick, used for separating the powd#s thin layers, or
cakes, whilst it is being pressed in the pbesses. Each box has 2 sets
of plates, 32 to a set, and each plate weighbs, but only one set is used

at a time.

f, A wooden mallet, }

g, A copper chisel, } used in separating the pozke from the copper plates.

h, A copper knife, }

I, A sieve for separating chucks from the brokefi aake, the bottom is
made of parchment, in which are a number oflidmoées ¥4 of an inch in
diameter.

k, A copper scuppit for receiving sweepings.

[, A tub made from a willow tree, the inside belngjlowed out, it has a copper
hoop round it at the top and bottom to keepoitrf splitting, and it is used for
carrying the pressed powder from the press htwuee hopper in the building
on the west side of the corning house.

The Corning House is a wooden building 79 feet Jomgd 28 feet wide, the roof is
slated, and the floor is covered with tanned hittesontains a machine for granulating the press
cake marked G, and four reels for glazing the lagggin marked K. On the west side is a
temporary building containing a hopper supplying gilanulating machine with press cake; and
on the east side is a small shed, into which thvedeo is carried upon bands from the granulating
machine. The granulating machine consists of twospe gunmetal rollers with sharp cutting
teeth, and one pair is placed above the other, #éineyturned by catgut bands, and make 120
revolutions per minute. Each roller is 2 feet Ghieg in length, and 1% inch in diameter; the teeth
of the upper pair ar&/g of an inch, and those of the lower pair ars of an inch long; these
cutting teeth however, do not extend the whole tlerrg the rollers, but are divided into rows
about1/8 of an inch wide, by grooves of the same dimensiansl the teeth of one roller are
opposite to the grooves in the other; the uppergfaiollers aret/g of an inch and the lower pair
are1/16 of an inch apart. Under the upper pair of rollbwesre are two small screens covered with
brass wire cloth of 8 meshes to the inch; and utitese and also under the lower pair of rollers,
there is a nest of screens for separating the gesrthey fall from the small screens and from the
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lower pair of rollers; the uppermost screen is cegtevith brass wire cloth of 8 meshes to the
inch, the second with wire cloth of 24 meshes ®itith, the third with wire cloth of 48 meshes
to the inch, and under this last screen is a bfmrdatching the dust; these and the two smaller
ones are fastened together, and have a slighbatidn so that the grain and dust may drop off
the lower ends, and the whole receive a jogglinggandrom a small wheel with 2 nogs?. There
are two bands from the building on the west sidethef corning house to the granulating
machine, and three bands from hence to the shéueonest side; the chucks and large grain are
carried away on separate bands, and the fine grairdust upon the same band, which is divided
into two parts, by a strip of leather sewn down riiiddle. The reels are similar to those in the
corning house working shaking frames.

Utensils used in the Corning House and shewn odrénging numbered 18.

G, A section of the rollers, screens &c of the gtating machine.

H, A gunmetal roller with sharp cutting teeth farttcng the press cake into grain.

K, A reel for glazing the large grain.

m, A piece of band for carrying the press cake ftbenhopper in the building on the west side
of the corning house to the gunmetal rollers ofgranulating machine.

n, A small sieve placed under the upper pair dérsl

0, One of the sieves for separating the differeagdsgrains from each other, as they fall from

the gunmetal rollers of the granulating machine.

p, A piece of the band for conveying either thaalts, or the large grain from the granulating
machine, to the shed on the east side of the aphonse.

g, A piece of the band which conveys the fine geaid dust from the granulating machine, to
the shed on the east side of the corning house.

r, A barrel or tub for conveying the powder to theeiving magazine and dusting house.

In the process of granulating at this corning hotise mill cake is reduced to dust before
it is pressed, and this operation takes placearbtieaking machine house. The mill cake is put
into the hopper marked C, on the drawing numbefedatd the band which passes through the
hopper conveys it up the trough marked D, and ditdpstween the upper pair of rollers marked
A, which break or nip it in small pieces; thesd ftidwn a board divided into grooves, drop
between the lower rollers, and by them are reduceal powder, which falls down the trough
underneath into barrels, and is taken to the grease. There the press boxes are removed from
the presses by turning the pinion upon the revglgpindle in the washup house, and are turned
upon their sides; two of the racks d, are placgubejpe one another in each box, and as many of
the copper or gunmetal plates marked e, as thevgsoo the racks are intended for are put into
each box, and the spaces between them are filledthnthe broken mill cake; the racks are then
taken out of the press boxes, and the latter auened to their places in the presses by turning
the pinion upon the revolving spindle marked L. \Wiiee broken mill cake is being filled in the
spaces between the copper plates in the press,bibbeesopper plates stand up edgeways, the
boxes then laying upon their sides, but when thedeo is being pressed, they lay flat, because
the boxes have been turned from their sides to bwioms. The men who have been employed
in loading the press boxes now go into the washugsé, and continue pumping at the two
pumps until the powder between the copper platésdarpress boxes of each press, has received
a pressure of 210 tons, being about 47 tons upcim &fperficial foot. The press boxes are then
turned out of their places as before, and the powdeveen the copper plates having become
press cake of about ¥4 of an inch thick, is takeihoduhe press boxes, and separated from the
copper plates by the wooden mallet f, or the chgsedr the knife k, is put into the tub I, and
taken to the building on the west side of the aognhouse. The hopper in this building is
occasionally supplied with the press cake, and tihe bands marked m, in the drawing
numbered 17, convey it to the granulating machihese the press cake drops from the bands,
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and falls between the upper pair of gunmetal rellearked H, in the section of the granulating
machine on the drawing numbered 18, and is brakame of it into chucks, and the remainder
into grain and dust; the whole of it then falls ngbe two small sieves underneath marked n, the
grain and dust run through the wire cloth of theisees, and fall in the nest of sieves marked o,
whilst the chucks by the joggling motion run to tbever ends of the small screens, and drop
between the lower pair of rollers marked |, are@alsduced to grain and fall upon the nest of
screens underneath, which separate the differeetd gyrains from each other, and from the
chucks and dust; the upper screen retains the shargiieces too large for grain if there be any,
and lets through the grains and dust; the secam@scetains the large grain and lets through the
fine grain and dust; the third screen retains the grain and lets through the dust, which is
caught upon the board underneath. The chucks, &arddine grain, and dust, fall off the lower
end of the screens, upon the band appropriateafdr, eand are carried upon them into the shed
on the east side of the corning house, and droppedeparate barrels; the dust is taken to the
press house and is repressed, the fine grain éhtekthe dusting house; and the large grain is
taken to the reel room, and glazed in the same aeraamthat made at the shaking frames; it is
afterwards taken to the receiving magazine.

Each pressing contains 500 Ibs of powder, and pexias under,
Of large grain 320 Ibs, or4 fger cent,
Fine grain 60 Ibs, 2 per cent,
Dust 120 Ibs, @4 per cent,
Total 500 Ibs,1®0.

The number of men employed in these buildings whew are in full work, are

No.

Foremen superintending the work 1

Attending the breaking machine 1
Pressing the broken mill cake 4
Attending the granulating machine 3
Separating the chucks from the grain 1
Attending the reels 1
Boatmen conveying the powder to, and from the Imgid 2

Total 13 men.

Who press and granulate 4 pressings containing BG0&F mill cake in one
day, and from it produce about 1520 Ibs of grain.

The expense of erecting these buildings was asvisl|

£
Building containing the breaking machine 050
Washup house 500
Three Traverses 4500
Press House 1000
Corning house 2500
Total £9000
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These buildings are capable of manufacturing 4@beets of gunpowder into grain
annually at an expense of £1818 detailed as under

Per bbl of gunpowder
Interest upon £9000 the firstcostof } £ £..s..d
the buildings at £4 per cent per annum} 360,.0t.: 9% - ‘4
One Foreman superintending the work 78,.0r.:4% - 72

The daily pay of 12 men 580, or -.. 2..10% - ‘2
Water power equal to 5 horses , §00O.. 1.. -
Reworking the dust 100, 0r-..-.. 6
Repairs to the buildings and utensils 500,. 2.. 6

Total £1818, or -.. 9.. 1x -'32

Receiving Magazines

A receiving magazine is a brick built arched buifgliabout 20 feet long, and 12 feet
wide, similar to the drawing marked 19, the inssléined with wood, and the floor is covered
with tanned hides. Every corning house has a reggivmagazine for receiving the large grain in
transit from it to the stores. The expense of arga receiving magazine is about £200.

Process of Dusting the Fine Grain.

The building in which this operation is carried isrcalled the Dusting house, it is partly
built of brick and partly of wood, similar to theasdving numbered 20, is 103 feet long, and 20
feet wide; the floor is covered with tanned hidesontains 12 reels for separating the dust from
the fine grain, when it is brought from the corninguse, and after it has been glazed at the
glazing mill. Eight of the reels are clothed witypbrus silk of 48 meshes to the inch, and the
other four with cyphrus silk of 60 meshes to thehinthey are placed with one end about 6
inches lower than the other, and the powder rutastirem through hoppers at the upper end they
are each enclosed in a wooden case, and are divittedets, each set consisting of two coarse
and one fine reel. They make 24 revolutions pemutaiand require power to work them equal to
2 horses.

The only utensils used in this building are tubsbarrels, wooden scuppits, and hair
brushes and brooms.

When the fine grain is brought from the corning $®it generally contains about 20 per
cent of dust, to clear it of which it is run thrduthe reels in this building. The reels are fingt p
into motion to revolve upon their own axis about t#es in a minute; about 20 Ibs of the
powder at one time, are put into each of the happéthe coarse reels, and the mouth of each
hopper, not being more than about one inch in diamenly admits a small quantity into the
reel at a time, and as the reels are placed staytithe grain runs to the lower ends, and falls
into tubs, whilst the dust falls through the silkhwwhich the reels are covered, into the reel
cases, both ends of the reels
are open. The grain which escapes at the lowenoéerdch reel is again put into the hoppers of
the coarse reels, and run through them a secomy itins afterwards taken to the glazing mill.
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After undergoing the process of glazing, the fimaig is brought back to the dusting
house, and run once through the fine reels in éimeesmanner as it was run through the coarse
reels; it is afterwards taken to a receiving magazi he dust is occasionally collected in the reel
cases, weighed into quantities of 42 Ibs, and tas¢he gunpowder mills to be reworked.

The expense of erecting a dusting house similgdheoforegoing would be £3000, the
present building is capable of dusting 14000 barcélfine grain per annum at an expense of
£610 detailed as under.

Per bbl of gunpowder.
Interest upon £3000 the first cost of } £ £.s.d
the building at £4 per cent per annum} 120, of.. 2x — 2285714+
The daily pay of 4 men 160, or -.. -.. 2% - ‘9714285+
Water power equal to 2 horses 0,08-..-.1v- 4857142+
Repairs to the building and machinery 250, .0r.. 44 - 1428571+
Total £610, or -.. -..10%4 - ‘8285712+

Process of Glazing the Fine grain

The building in which this operation is performedcalled the glazing mill, it is 66 feet
long, and 21 feet wide, is built of wood, the ra®f&lated, and the floor is covered with tanned
hides. It contains eight large barrels for glazimg fine grain, which are each 4 feet long, 2 feet
3 inches in diameter at each end, and 2 feet Gemelh the centres; they are turned by water
power, revolve about their own axis and make 3®ltgions per minute. The machinery of the
building requires a power to work it, equal to tbad horses.

The only utensils used in this building are hairdbres and brooms, and tubs.

In the process about 300 Ibs of fine grain areipuat each barrel at a time, and they are
kept revolving at the rate of 35 revolutions penmte for 3 hours; the grains continue falling
upon each other, the soft and angular parts asertiiibed off, and to the powder is imparted a
dark shining appearance. At the end of 3 hoursptreels are made to go much slower, their
mouths or doors are opened, and the grain falts tim¢ cases which enclose them, and from
thence into the barrels underneath. The powdéeis taken back to the dusting house.

The expense of erecting this building was £3008, ¢gapable of glazing
14000 barrels of fine grain annually, at the experfsE500 detailed as under.

Per bbl of gunpowder.
Interest upon £3000 the firstcostof } £ £ s d
the building at £4 per cent per annum} 120, or-.-2 - 2285714+

The daily pay of 2 men 80, or -..-..1% - '4857142+

Water power equal to 5 horses 200-0-.. 3¥a - 7142857+

Repairs to the building & machinery 100,-or-.. 1% - ‘8571428+
Total £500, or -..-.. -8% - 2857141+

Process of Drying the Powder.

There are two kinds of building for drying the pawdone being heated by steam, and
the other by cast iron pots. The building heatedtegm is called the

Steam Stove.
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and the buildings connected therewith are
A Traverse,
Five drying rooms,
Two weighing rooms,
Two small cooperages, and
Two boat houses.

The traverse marked A on the drawing numbereds2& circular brick built arched room
35 feet 6 inches in diameter, with a slated robtohtains a boiler for generating steam, with a
pump and cistern for supplying the boiler with wate

The Drying Rooms marked B are brick arched room&286 inches long, and 25 feet 6
inches wide; the ceilings and walls are lined vgitieets of copper, and the floor with sheet lead.
These rooms are heated by steam from the boiléihantraverse. which passes through each
room in a copper pipe about 6 inches in diametsrhef these pipes is fixed into the top of the
boiler and enters one of the drying rooms abowte2 & inches from the floor; it then divides into
two branches which pass backwards and forwards &wdnto end of the room, until they nearly
reach the ceilings; each branch then passes thrigtvalls, on the opposite side to where it
entered the room, through the weighing room, asd #hrough its wall to the outside of the
building, and is then terminated by a kind of vaiich may be shut or open as required; there
is a cistern between each drying room and the tsavior receiving condensed steam from the
copper pipe. Each pipe has a cock in it near tdothiker so that the steam may be turned into
only one room at a time; and on either side of gadlge of pipes there are wooden racks, upon
which the powder is laid in stove cases to be dfith room is capable of drying 40 barrels of
gunpowder at one time, and a brick arch is turnest each drying room between the ceiling and
the roof.

The Weighing Rooms marked C, are under the sanfe esothe drying rooms, they are
built of brick are each 11 feet 6 inches long, 886tf6 inches wide, and the floors are covered
with tanned hides. Each room contains screensosedlin a wooden case, for screening, and a
pair of scales for weighing the powder after idiged.

The Cooperages marked D, are each 13 feet 6 ifohgs and 10 feet wide; they are
built of wood, and the floors are covered with tdiiides. The Boathouses marked E, are built
of wood over the canal, so that the powder boatg coae underneath; they are each 30 feet
long, and 12 feet wide.

Utensils used in these buildings and shewn on taeidg numbered 23.

A, A copper for generating steam, it is capableaaltling 300 gallons
of water, is 6 feet in diameter, and weighsudld 6 cwt.

a, A stove case used in drying the gunpowder,rtdrad is made of wood,
and one side is covered with fine Raffia duck.

b, A tub used in loading the stove cases with pawde

c, A copper bowl for loading the stove cases wiivger.

d, A small copper barrel used in unloading the stoases.

e, A screen for screening the powder after it iedr

f, A barrel in which the powder is sent to the nage.

In the process of drying, the gunpowder is takdn the weighing room, and 2 or 3
barrels at a time are thrown into the tub b, fer ¢bnvenience of the workmen, and about 14 Ibs
are spread upon each of the stove cases with tve dydhe cases are carried into the drying
room, and put upon the racks on either side of eanbe of pipes. When the racks are loaded,
the doors and windows of the drying room are shid, a thermometer is placed in a small glass
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case in the door, so that the stove man may octalicascertain the heat of the room. The
water in the boiler is then made hot, and in alddathour the steam may be forced through each
branch of pipes, and in about 3 hours, the room Ibealgrought to a heat of about 130° of Fahr.
and is kept so for 2 or 4 hours; at the end of whime the doors and windows are opened, and
the room is allowed to cool before the powder lmoeed. The stove cases are then taken off the
racks, and the powder is thrown into a small hoppehe weighing room, from which it runs
into the small copper barrels d, which are handetbua man at the screens, and the powder is
run down them, to cool and to prevent its cakirggetber when it is in the barrels. The powder is
then weighed into barrels of 90 Ibs and sent taxthgazine.

The expense of erecting these buildings was £6880tey are capable of drying 14560
Ibs of gunpowder annually, at an expense of £71éildd as under.

Per bbl of gunpowder
Interest upon £6000 the firstcostof } £ £..s..d
the building at £4 per cent per annum} 240, or-.-3% - ‘8241758+
The daily pay of 5 men, attending the}
fire, loading and unloading the drying}

rooms } 200, or -..-.. 3% - '1868131+
60 chaldrons of coals 120, or -..-.. 1% - ‘9120879+
Repairs to the buildings 50]lor -..-.. 2% - '8901098+

Tota £710, or -..-..11% - ‘8131866+

The buildings heated by cast iron pots are called
Gloom Stoves.

There are two gloom stoves for drying gunpowdéVattham Abbey, one is large, and
the other is small.

The small gloomstove is a brick building contami

A Drying Room,

A weighing Room, and

A stoke hole.

There is also a covered passage called the coapevhgre the coopers head up the
barrels.

The Drying Room is 19 feet long, and 16 feet witthe, walls and ceiling are plastered,
the floor is paved with foot tiles, and there anreeBts in the ceiling for the escape of steam from
the powder whilst drying. This room is heated hbgaat iron pot, which is set up edgeways, and
fixed in the wall, so that the bottom only projeatsout 1 foot 6 inches into the room; and whilst
the men are loading and unloading the racks, firss covered with a copper cover, and upon
that is laid a large cloth. The pot is 4 feet dekfeet 9 inches in diameter at the mouth; where it
is 3inches thick, and 7 inches thick at the bottaeighing 3 %2 tons. Three sides of the room are
occupied by racks, which are capable of holdingpdfiels of gunpowder in stove cases at one
time.

The Weighing Room is 18 feet long, and 17 feet witle floor is covered with tanned
hides. It contains screens for screening, andraopacales for weighing the powder.

The passage called the Cooperage is 47 feet lonag8 deet wide; the floor is covered
with tanned hides.

The utensils used in this building are similarhoge used in the steam stove.
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The powder is spread upon the stoves cases, ahdgdan the racks in the same manner
as at the steam stove; and the door of the dryogris shut. The fire which heats the drying
room, is made in the interior of the cast iron plog mouth of which for security opens into the
stoke hole. After the room has been kept at a beaB0° of Fahr. for 24 hours the fire in the
gloom or cast iron pot is put out and the roonllmsaged to cool, when the powder is taken to the
weighing room, screened, barrelled up in the samener as it is at the steam stove, and sent to
the magazine.

The expense of erecting a building similar to theedjoing would be £1500, the present
stove is capable of drying 4520 barrels of gunpovpde annum, at an expense of £250 detailed
as under.

Per bbl of gunpowde
Interest upon £1500 the first cost of } £ £.s.d
the building at £4 per cent per annum}  60;0r-.. 3x - 7433628+
Labour in loading and unloading the}

racks, attending the fires, &c } 100 -..-.. 5% - 2389380+
25 chaldrons of coals 50, or -..-.. 2% - '6194690+
Repairs to the building &c 40, or -..-..2x -'4955752+

Total £250, or -.. 1.. 1V¥4-‘0973450+

Magazine

The magazine is a wooden building 60 feet long, Zhdkeet wide, the roof is slated, and
the floor is covered with tanned hides. It is deddinto bays by means of standards for more
conveniently packing the barrels; and is surrounohec brick wall at the distance of about 15
feet, as shewn on the drawing numbered 25. The faetowed gunpowder is brought to this
building in powder barrels; and here copper hoapspat on to them in addition to the hazel
hoops which were fastened at the stoves. This ibgil capable of containing 2000 barrels of
gunpowder, and was erected at an expense of £1500.

The expense in magazines for each barrel of gunpoisdbout 6d.

Gunpowder Barrels.

The barrels for containing the gunpowder in itgstied state, are made of timber and
with hazel and copper hoops; and all the stave&xaetly the same size so that should one fail
another may be instituted in its place without othge altering the barrel; the expense of each
barrel is about 3s 6d.

Store houses.
The expense in store house for the saltpetre, chkrand sulphur is about 6d per barrel.

The expense in superintending the different preedseeping the accounts and official
documents may be calculated at 2s 6d per barrel.
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The following is an abstract of the expense of nfiacturing one barrel of gunpowder
according to the foregoing processes; the expensegerintending and the first cost of
ingredients, calculating that the barrel weighs30

£.s.d
Refining saltpetre - X — 3995533+
Charring wood -..4% - ‘048
Refining sulphur by fusion -.. -.. 356493504+
Grinding the ingredients -.1..1%
Mixing the ingredients -.. -1 ‘552
Amalgamating the ingredients -.. 7..1¥8571425+
Pressing and granulating the }
gunpowder by screw presses and }
shaking frames }-..6%2 -'88
Dusting the fine grain -.10Y4 - ‘8285712+
Glazing the fine grain -.8%% - '2857141+
Drying the powder by steam -.. .. 11131866+
For magazines -6
Cost of the barrel . 3.6
For storehouses . -.76
Total expense of manufacturing £1..7..0%-'3135187+
Expense in superintendence -..2..6
The following is the cost of
the ingredients
Saltpetre at £40 per ton for }
15Ibs would be } 1.18..
Charcoal 1 1%
Sulphur -.-.5
Total cost of the Ingredients 1..14.11%
Total cost of one barrel of gunpowder £3..4.. 6% -'3135181+

It must be understood that the foregoing calcutetiof the expense of manufacturing one
barrel of gunpowder are made upon the suppositiahgach building is in full work.

Process of Reworking, or as it is commonly called
Regenerating Damaged Gunpowder.

In this process the damaged gunpowder merely undsrgome of the operations
followed in manufacturing new gunpowder. It is fisgeighed into quantities of 42 Ibs at the
mixing house, and afterwards undergoes the prookssnalgamating, pressing, granulating,
dusting, glazing, and drying, in precisely the samanner as has been already described, with
one exception, viz. that it is only worked from otee two, instead of three hours at the
gunpowder mills.
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The following is the expense of regenerating ormegbaf damaged gunpowder.

£.s..d
Amalgamating at the gunpowder mills -.. 3.. 6%4285712+
Pressing and granulating . 7:.6% - '88
Dusting the fine grain -..-..10% - '8285712+
Glazing the fine grain -..-.. 8% -'2857141+
Drying by steam -.. -..11% - '8131866+
Magazines -.-.. 6

£-..14.. 2% - '2360431+
Expense of superintendence _ £-.. 2.. - :
Total expense £-..16..-2Y2360431+

Process of Extracting Saltpetre from unservice@&apowder.

The building in which this process is carried ansituated at Faversham, and is called
the Extracting kitchen; it is similar to a salt@etroiling house, and contains 8 cast iron large
boilers and 2 smaller ones, and 2 large and 2 ssopfler boilers, with 4 moveable presses; is 69
feet long, and 29 feet wide. It is divided into twarts, one of which is shewn in drawing
numbered 26; the roof is tiled, and has a louvet aéthe top.

The utensils used in this building are exactly Emito those used in the saltpetre
refinery; and each of the moveable presses ist8Bfaehes long and 4 feet 10 inches broad, and
stands upon a frame which runs upon four woodereigh&wo iron screws pass through nuts in
two bars on each side of the press, and the entfe aicrews are fixed to a slab of wood called
the chuck; when the gunpowder has been boiled water, it is put into a cloth or bag, placed
between the two chucks of the press, and the tews are turned so as to bring the two chucks
closer together, by which means the saltpetre whih been melted, is squeezed out of the
black mass, and only the charcoal and sulphur remai

In this process 1170 Ibs of the unserviceable gwaleo are put together with 400 gallons
of water into one of the pots marked A, and thetsmh is made hot, care being taken that it does
not boil over the top of the pot. When the salgpeatontained in the gunpowder is melted, the
solution is jetted out of the boiler, into the bafjone of the presses, and the charcoal and
sulphur, which have not melted in the boiler, aresped very hard so as to drive out as much of
the saltpetre as possible contained in them. Theliproduced by this operation is reduced in
one of the pots marked B, in the same manner alqgin@ poured from the crystals in refining
saltpetre, and is run through filtering bags; thien allowed to stand 36 hours to crystallisesraft
which the liquor is poured from the crystals formedd they are put together with clean water
into one of the pots C, in the proportion of ond ofthe crystals, to 10 gallons of water, and the
same process is followed as in boiling the crystathe process of refining saltpetre; one boiling
is deemed sufficient.

The liquor poured from the crystals is returned itte pot B, to be again reduced.

The black mass left in the bags after the ligugraared from it, is chopped up fine, and
again put together with 200 gallons of water irfte pot A, but the water is made to boil before
the black mass is put into it. The whole is themest until there are no lumps remaining, when it
is again put into the bag of the press, and preassaetond time; the liquor now produced is put
into the first pot A, with more water and fresh gowder.

The black mass left in the bag of the press atter gecond pressing consisting of
charcoal and sulphur, is thrown away as useless.

The expense of erecting this building was £4006 tapable of extracting the saltpetre
from 16000 barrels of gunpowder annually. at areesp of 3s 6d per barrel.
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Proving the Gunpowder.

In order to have a proper check over the workmea wdrry on the different processes,
the powder is proved after it has been incorporatetie gunpowder mills, and after it has been
dried at the stoves; these proofs are made in éngcal eprouvette, shewn in the drawing
numbered 27; the light blue part marked a, is afi,iwvhich together with the slide b, to which it
is affixed weighs 25 Ibs, and the smaller blue paderneath the part marked a, is the chamber
in which the powder is fired. Two drams at a tinne put into this chamber, and the weight is
lowered upon it, a match is then placed in the khwe in the weight a, and set on fire, which
communicating with the powder in the chamber, eausto explode, when it raises the weight
a, from 2 to 7 inches according to its strengthe powder which has been dried at the stoves is
also proved by flashing; in this proof 4 drams oWder are laid in a small neat heap on a clean
polished copper plate, and fired by a red hot iwhen the powder is good, the explosion is
sudden and sharp, no sparks fly off nor do anygesbof alkaline residium remain on the plate
which is left clean; but if the ingredients have heen properly prepared and well incorporated,
the contrary is the case, and lights i.e. sparkg Ieaseen.

The powder which has been manufactured and sethietonagazine during every three
months of the year, is further proved at the enéawfh quarter in a mortar, and in the
pendulum or gun eprouvette shewn on the drawingbewed 27. The mortar has an elevation of
45 degrees, carries a ball of 68 %2 Ibs and is euangth 2 ounces of powder, which projects the
ball from 240 to 300 feet. The gun eprouvette isnzll pendant brass cannon, and is also
charged with 2 ounces of powder, the strength a€hvls determined by the number of degrees
the cannon recoils when the charge is fired.
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Part the Second

Having given a description of the process carriednoeach building connected with the
manufacture of gunpowder, | have now to make myoiaions thereon, in doing which | shall
endeavour to confine myself to what has taken plemker mine own inspection, and to what |
have proved by experiment. My object will be torgadut such alterations both in the buildings
and processes, as will | conceive improve the gtreand keeping qualities of the gunpowder,
and at the same time diminish the danger and erpefmmanufacturing.

On Saltpetre or Nitre

Saltpetre or Nitre being the principle ingrediengunpowder claims our first attention, it
Is a production of nature, but as before statedkeiger found pure, being always contaminated
with other salts and earthy matter, and is totahfit for gunpowder until it has been refined.
Saltpetre is more abundant in India than in otretspof the world, the greater portion that is
used in England is brought from thence, but ittfirsdergoes the operation of washing, and
therefore is not received here in its natural starel at this manufactory is termé&tbingle
refined Saltpetre”, containing upon average 20ceet of impurities. It has often been attempted
to produce saltpetre by artificial means in thisroy but all attempts have failed.

In the process of refining nitre, the questioneswjavhether it is not deprived of a portion
of its combustibility if it is boiled often, partiarly when it is considered that it is afterwards
melted and exposed to a heat of upwards of 706abf. That frequent boiling does not improve
its qualities for gunpowder has been clearly prowetin the last few years.

For previous to the year 1826 the gunpowder wasufaatured with nitre only twice
boiled with water, and afterwards melted by itskiff since that period it has been manufactured
with saltpetre thrice boiled with water, and aftards melted by itself, and it is neither improved
in strength, or in its keeping qualities.

Many opinions are also entertained, as to whethersiltpetre ought to crystallise in
large or small crystals, it being considered that purity of the nitre depends much upon their
size, it is however, of no importance becausevlslly depends upon whether the liquor cools
fast or slow; if it cools fast, the crystals areafimf slow, they are large, and there is alwdys t
same weight of crystals produced from the liqudrethier they be large or small.

The use of bullocks blood and eggs, has been reemaed, but they have nothing to do
with the salts, and cleanliness and practical kedg# are to be held in much higher estimation;
it is true that lime will free the saltpetre of tfmul salts and earthy matter in one boiling asl wel
as it is now done by three boilings without it, b nitre becomes so impregnated with the lime
as to render it unfit for manufacturing gunpowder.

It has been observed by some writers that then® idanger of injuring nitre by simple
fusion, and they contend that this may be provetubing a small quantity in a glass retort over
a spirit lamp and endeavouring to obtain oxygenlyasieans of the pneumatic trough.

It is very true that a small quantity of nitre mayysoon melt in a glass retort and receive
no injury; but this is no proof that no injury wille received when so large a portion as 3 or 4
cwt is melted together; for that which is at théttim of the pot is first exposed to the action of
the fire, and remains under its influence five ortgmes longer than necessary to reduce it to
liquid, before the upper part of the contents o {ot is rendered in a state of fusion,
consequently it is reasonable to suppose thataltygesre continuing so long in this melted state,
the temperature of which is necessarily on thesiase, must suffer partial decomposition.

It has been further remarked however, that sines fare of necessity used in fusing
nitre, and therefore it requires caution that tlo@ imelting pots do not become over heated, for
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should they attain a red heat, the nitre wouldaafrse be subject to partial decomposition, but if
the process be understood and conducted in the oarnase, this need never occur.

It seldom happens that the nitre is brought to seatga heat as to appear red at the
surface in day light, but if it were possible t@ gbe nitre near the bottom of the pot, it would be
found to be nearly as hot as the pot itself, aadlttie bottom of the melting pots have sometimes
been red hot, although perhaps the nitre may reawez appeared so at the surface is clear from
the condition of the bottom of one of them haviegih found to be nearly melted away when the
pots in the melting house at Waltham Abbey weretr@s the beginning of the year 1829. |
therefore deprecate this mode of melting the clysthen there is a probability of their suffering
in their properties, and no necessity to resothi®measure, as they may be used soon after they
are produced; better indeed for their purer antebkeeping.

Saltpetre is not so liable to contract impuritiesai solid cake as it is in the crystallised
state, and therefore when it is to be kept for langth of time, or conveyed to any distance, it is
perhaps better to be melted, but when it is refinaly just before it is manufactured into
gunpowder as at Waltham Abbey, the operation ohfu#t not only creates an unnecessary
expenditure, but as | have above shewn there asthésprobability of injuring it by exposure to
an intense heat. If the crystals require dryingoteefthey are used in the manufacture of
gunpowder, | am of opinion that a much less degfdeeat such as stove drying would be found
sufficient.

But in order to determine this point by the tesegperiment | would recommend
that some gunpowder should be made with

!Saltpetre twice refined and not melted

Twice refined and melted

“Thrice refined and not melted
and as the gunpowder is made at present3sitipetre thrice boiled and melted it ought to form
the data for judging the quality and strength & tivo kinds; if upon proving them, one should
be found to be superior to the other, then it @mthat the nitre should in future be refinedha t
same manner as that with which such gunpowder wadgembut if the gunpowders are all
equally good, the nitre which is refined in the @pest manner ought to be used in future, which
would be that which is only twice boiled and natlted.

The chemical name of saltpetre is nitrate of petassd when melted it is called sal
prunella.

On Charcoal

Charcoal is generally considered the ingredienbs&édén importance in gunpowder, it is
a substance changed from its original nature ofetadge into a combustible matter by the
process of charring; but it must not be considéhed tar and acid exist in the wood in a perfect
state previous to the operation, but the elemenighach they are composed being driven from
the wood during the process then combine and farppyroligneous acid, &c.

Good charcoal ought to be light, firm, equally duto break clean and smooth, to have a
deep unpolished black color, and free from a glazadt.

To produce such charcoal the elements driven flmenwiood must have a free escape
from the vessel in which the operation of charrtages place, otherwise a portion remains
therein, and those elements forming pyroligneoud lbeing of a thin nature are reabsorbed by
the wood, whilst those forming tar offer themselt@she exterior and by the action of the fire
are turned to a hard glazed crust. The want of @reents is the principal objection to the
gasometers and apparatus shewn on the drawing medde for as there is only one vent in
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each retort for the escape of the elements namazkaind that in the upper part, the elements
driven from the wood in the lower part cannot escdput a portion remains, injuring it in the
manner just described.

That apparatus was adopted under the impressiom ti@at saving could be effected in
the expenditure of fuel by turning the gas, driieom the wood during the operation of
charring, into the furnaces and burning it inste&detting it escape as it had done previously.
Experience however, has proved that this objegbiobtained, for during the first five hours of
the operation only those elements which composelippeous acid escape from the wood in a
steam which will not burn, and during the last éhh@urs are those elements which compose tar
escape in the shape of an inflammable smoke oragdg,a small quantity of fuel is required,
because the cylinders and the brickwork around thesmred hot, and almost afford sufficient
heat of themselves for finishing the charring & #ood.

From various experiments which | have made uporptbeess of charring wood, | have
found that to produce pure charcoal, the area ef wbnt for the escape of the elements
comprising pyroligneous acid and tar, must be opprtion to the cubical contents of the retort;
for instance if the cubical contents of the cylintbe 16 feet, the area of the vent must be 30
superficial inches.

In the apparatus shewn in the drawing numberethel,vent for the escape of these
elements is only 9 inches, whilst the cubical cotgef the cylinder are 16 feet; thus it may be
seen, without the proof of daily witness, that petercoal cannot be produced from that
apparatus; but unless the escape of the elemeptspsrly regulated, it is impossible even with
so large a vent as 50 superficial inches, to predsach charcoal as might be used in
manufacturing gunpowder for Government.

To shew the great difference in the quality of thearcoal produced in the apparatus
shewn in the drawing numbered 4, and in that predun a cylinder the area of whose vent in
the proportion to its cubical contents as 50 indbeks feet, it need only be stated, that 6 ounces
of the 'charcoal produced by the first named apparatusamatised and found to contain the
following amount
of impurities viz.

Of carb lime 9/40grains
Of sulphur and cartpotash with magnesia 180 *
Of oxide of iron 5 -
Of silex? 4 “
Of alumina 2 "
making a total of 32 g

and 6 ounces of th&charcoal which | have produced in the last nameuhiagtus have been
analised, and not one grain of impurity was foumetein.

Against pot burned charcoal there exists the salojection as against charcoal burnt in
cylinders having only one vent, and gasometerslatd in fact there is no vent in pots for the
escape of the tar and acid, and only a slight exsdiiom can take place through the earth and peat
with which the wood is covered.

| would therefore recommend that the charcoal khba prepared in cylinders the area
of whose vents should be in proportion to theiricalbcontents of 50 superficial inches to 16
feet; that the building should be similar to thag¢wn in the drawing numbered 28; and instead of
having sand filled in between the stoppers andadimer door, | would recommend that the
stoppers should be screwed onto the cylindersamtanner they are done in gas manufactories.
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With regard to burning wood in iron cases withe tylinders | have only to say that no
private manufacturer will adapt them, for eytihave only been found to create additional
trouble and expense.

The best woods for making charcoal Aréllow, alder, and’black dog wood, the latter
however is preferred, but being scarce it is ordgduby Government in making rifle powder.
The wood ought not to be of more than 10 years|ess than months, it also ought to
be cut 2 years before it is charred, and the lmbdetstripped off as soon as it is cut.

On Sulphur

The third and last ingredient comprising gunpowesulphur. It is a mineral chiefly
abounding in volcanic countries, but is seldom thum a pure state, being impregnated with
foreign matter such as sulphate of lime, oxideron, &c. The processes followed at Waltham
Abbey for refining sulphur are as already statedsién” and “Sublimation”, the sulphur used in
manufacturing gunpowder however, is refined bydieeess of fusion, and only a small quantity
is occasionally refined by the process of subliorafor the Royal Laboratory at Woolwich.

On the Process of Fusion.

Sulphur is chiefly used in gunpowder to producat timtimacy of mixture which is
imparted to the ingredients at the gunpowder mdlsd upon which depends its strength, for
although gunpowder may be made with only nitre elmalcoal without sulphur, it will not keep,
for the nitre and charcoal soon disunite and retworrtheir primitive state of composition;
therefore sulphur must be used in manufacturingogwaer which is likely to be kept for any
length of time, and the finer it is, the betterlwié the keeping qualities of the gunpowder.

The substance normally call&grough” sulphur, upon average consists of 92 et of
sulphur, and 8 per cent of impurities. The operatbrefining this substance by the process of
fusion as has already been shewn, is simply meitingnd whilst it is in that state those
impurities which are lighter than the sulphur rieethe surface and are skimmed off, but those
that are heavier sink, and remain at the bottorthefmelting pots, therefore in lading out the
sulphur into the cooling tubs care is taken nostiothem up, and they are put into a separate
tub, and when cold this substance is called thebotake. Those impurities however which are
of the same weight as the sulphur cannot be remoydlis means.

By the process of fusion one ton of grough sulpheids

Cwt..qu..Ib Pcent
14..1 .. 0, or 71Y, of what is calfeefined sulphur

3..1 ..0, or 16%, of cuttings
1..0 ..14, or 5%, of skimmings, and
1..1 .12, or 6%, of bottoms, caetphur vivium?
Cwt 19.. 3 ..26, or 100, so that about 2 Ibs aseih the operation.

According to some of the most eminent chemiststlinee last kinds are composed as
under.

The cuttings are considered equal to grough sulghd consist of 92 per cent of sulphur,
and 8 per cent of impurities.
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The skimmings consist of 84 per cent of sulphnod &6 per cent of impurities.  And
the bottoms or sulphur vivium? consist of 77 perntad sulphur and
23 per cent of impurities.

From this, the total quantity of impurities remdvigom the sulphur by the process of
fusion may be ascertained as follows.
Impurities  SulphurTotal
percent rpent percent
Grough sulphur consists of 8 92 100

About 16 ¥4 per cent is cut from the sides of tHeesh

and is called cuttings; and as cuttings contairuabg

the same quantity of impurities as grough sulphur}

this 16 ¥4 per cent consists of } 1% 14 %, 16 Ya
About 5 % per cent is skimmed off the surface ot

the sulphur, and is called skimmings, and so  }

skimmings are composed of 84 per cent of sulphur

and 16 per cent of impurities, this 5 %4 per cent }

must consist of } 1 4 5%
About 6 % per cent is cut from the bottoms of }

the cakes of sulphur, and is called bottoms; anyl

as bottoms are composed of 77 per cent of sulphur,}

and 23 per cent of impurities, this 6 % per cent}

must consist of } 1% 5Y 6 ¥a

Total quantity of impurities &c removed from}
the grough sulphur by the process of fusion } 4 24 Y, 28 ¥

Leaving 71 ¥4 per cent which is considered }

pure sulphur, but which must consist according}

to the foregoing table of } 4 67 Y 1Y,
Total as above 8 92 100

Therefore only one half of the impurities are remub from the sulphur by the process of
fusion, and even in clearing it of this small pomti upwards of 24 per cent of sulphur are taken
off with them, 10 per cent of which, being amontjg skimmings and bottoms, is totally lost;
the remaining 14 per cent however, being amongstctittings may be partly recovered by
undergoing the process a second time.

Many trials have taken place for ascertaining Wweesulphur refined by fusion is as pure
as sulphur refined by sublimation; some took peséollows;

The different samples were first ground and exgaeegnition in a sand bath heated to a
temperature of 235° of Fahr, and the residue ogasaubjected to the flame of a spirit lamp in
a capsule of platinum; the result was that althotigh *sulphur refined by the process of
sublimation was more pleasing to the eyes, yefshéhur refined by fusion did not leave a
greater quantity of residuum. This trial howeversw calculated to ascertain which kind of
sulphur was purest, because the flame of a spiniipl is sufficiently hot to burn the greater
portion of the impurities contained even in grosgitphur and if some of it had been tried in the
same manner, it would not have left a greater giyaot residuum than the sulphur which had
been refined by sublimation.
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The most correct test for ascertaining the puritysalphur, is to put it into a white
earthen, or platina vessel, and set it on fire,fmitto expose it to any other external heat; éf th
sulphur be pure, having nothing to impede its dgéton, it will burn clean out, leave no
residuum, and only a light stain; if on the othemtt the sulphur leaves a residuum, it is
impregnated with some substance requiring a gréaiarto cause its destruction than the flame
emitted from burning sulphur. It must not be coestdl however, that the residuum from
sulphur burnt in this manner always consists whoflimpurities, because it sometimes amounts
to as much as 50 per cent, whilst the average fquaritimpurities in grough sulphur is only 8
per cent, but it indicates the presence of soméems intermixed with the sulphur as to impede
its deflagration.

Another excellent but simple test for ascertairtimg purity of sulphur is merely to melt
any quantity in an iron pot or any other vesseit i§ clear and transparent, the sulphur is pure;
but if it is full of little dark particles, it ismpure; because as it melts at a heat of 218° of, Fah
these little particles cannot be sulphur, othervitsgy also melt being exposed to the same
degree of heat.

The purity of sulphur may also be known by itsocpfor when found perfectly pure, it is
of a bright yellow; and further all the impuritieghich are taken from it in the process of refining
are of a dark color; if therefore the sulphur rggd with dark spots or streaks, it is impure, and
the nearer it approaches to a bright yellow cdluog,less quantity of impurities does it contain.

On the Process of Sublimation

There are many kinds of apparatus for carryinghenprocess of subliming or distilling
sulphur some being of very recent invention. Inghacess of sublimation described at pages 10
and 11, the sulphur turns to a vapour and passasgih the pipe into the dome, where it falls to
the floor in a powdér when a greater degree of heat is employed, tpdsuremains in a liquid
state upon the floor until the fire is put out,tlien cools and form&ock sulphur; but the
impurities in the sulphur will not turn to a vappand instead of passing with it into the dome,
they remain at the bottom of the melting pots, anel taken out after the sulphur has been
sublimed, but even this process is defective.

The building for refining sulphur by sublimatiohesvn on the drawing numbered 8, is
very inferior when compared with other buildingea@ed more recently by private individuals;
and there has been no person at Waltham Abbey walsccampletely master of the process until
within the last few years when a man was appoittetthe situation of Master Refiner, whose
father had worked Mssrs Brandrams refinery, and whse of course perfectly acquainted with
the apparatus and process used by that personprbbess followed by that individual is the
cheapest that has ever been discovered, but thet seconfined to a few.

| would therefore recommend that the sulphur shde refined according to the process
followed by Mssrs Brandram, to do which the buigghewn on the drawing numbered 8, must
be altered and made according to the drawing nuedb29, the flowers of sulphur would then
escape through the upper pipe marked B, into tineedmarked C, and the liquid sulphur would
pass down the lower pipe marked D, into the potkedhiE; there would be more lost, because
only the 8 per cent of impurities would be remoteerefrom.

On the process of Grinding the Composition
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This process is very simple, as it is merely theration of reducing the three ingredients
to a fine powder. The composition mill shewn on din@wing numbered 9, in which this process
is carried on, is ill adapted for its purpose, @tbo confined. Each division ought to be at least
10 feet longer, and 5 feet wider, and the reelse? fonger than they are at present. It is almost
unnecessary to add that the finer the powder telwtiie ingredients are reduced, the better will
they amalgamate, and the stronger will be the gwdpo.

On the Process of Mixing the Ingredients and tlog@rtions.

This process is also very simple, although the@riions in which the ingredients are
mixed is of great importance, and differ in almegéry country. These might be just sufficient
sulphur to set fire to the charcoal without onetipker thereof igniting another, and to preserve
longest that intimacy of mixture of the ingredientisich is effected at the gunpowder mills; and
in like manner sufficient charcoal to set fire teetnitre without one particle thereof igniting
another, otherwise the explosion of the whole cabeanstantaneous.

According to the chemical analysis in data furasiby the most eminent chemists, the
proportions of nitre, charcoal, and sulphur, oughte as under viz.

Nitre Charcoal Sulphur

75 13.24 11.76 in every 100 parts.

The composition of the following countries may theis represented, shewing which

comes nearest to this theoretical standard. Thesraand — referring thereto.

Nitre Charcoal Sulphur
Great Britain 75 + 15 -10

Nitre Charcoal Sulphur
France, Russia, and United States of America 75 251 + 125

Authorities, Bottie and Riffault for France, Alaplor
and Wolf for Russia, Hutbush for United States,

Austria, according to Muller 76 -115 +12.5
Piedmont, according to Antoni - 7137 + 1427 +142/7
Russia, according to Muller -73.78 +13.39 +12.63
China, according to Braddock +75.7 +144 - 9.9

According to these authorities Great Britain uaegreater portion of charcoal, and less
sulphur than any of the nations mentioned exceptah

On the Process of Amalgamating the Composition

This process is in fact that of manufacturing go@powder, as all the other operations
which the ingredients undergo previous to beingught to the gunpowder mills, are for the
purpose of preparing them for the process of amadgan; and all those which the powder
undergoes afterwards are for the purpose of brgngito that state in which it is best capable of
retaining the power imparted to it at the gunpowadls, and in which it is best adapted to the
purpose for which it is manufactured.

It is a well known fact that if gunpowder is reddcto grain just after it has been
amalgamated, and is not pressed and glazed, g#adyndouble in strength to that which has
undergone these operations, but it is an equallykmewn fact that if it does not undergo them,
it will not keep, but in a short time loses a gneaition of its explosive properties.
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It is in this process that the greatest prackecawledge is required, and unless the man
who attends the gunpowder mill has a perfect kndggeof how much water to put to the charge
previous to amalgamation, and at what period it ia fit state to be taken off the bedstone, it is
utterly impossible that the powder ever can be sd@igerior kind. The nominal time for working
each charge of 42 Ibs is 3 hours, but it sometinaggpens that it is not fit to be taken off for 10
minutes or a quarter of an hour after that timel, &ne versa.

The quantity of water put to a charge depends upenstate of the atmosphere more
being required in dry than in wet weather; it isveger a fact that the powder manufactured at
the King’'s works has not been sufficiently liquoréat the last 6 or 7 years, so that the
amalgamation of the ingredients has not only beenmplete, but the expense of forming the
grain has been greater, because more dust wasgeadhan if the charges were worked
damper. Another great evil attendant in the presgsitem of amalgamating the composition at
the Government works arises from the mill charggadpliquored with water which has become
condensed in the copper pipes at the steam stonkesametimes lays many days in them,
becoming impregnated with copper, has a highlyriojs effect upon the gunpowder. The great
liability of explosions in gunpowder mills is inmeequence of the stone runners being separated
from the stone beds only by the mill charges, whitten spread upon the bed is not more than
half an inch thick, and should it by any means émaved from any part thereof, the runners
would come in contact therewith, and in all protigbiwould produce a spark, and cause the
gunpowder to explode; great care therefore is sacgsn selecting for the beds and runners that
kind of stone which has the least quantity of @gior flints, as it is from these pyrites that the
production of fire is most to be apprehended. Méwaye been procured from Numur? in
Flanders, others from Ireland, and a few from Watbesse procured from the latter place
however, are far preferable to the others, becthesehave a less quantity of pyrites and work
better than any other kind of stone, and amongsbnsit is called black marble.

When a gunpowder mill works day and night, thesbadd runners generally require
rubbing and polishing once in two years, for durihgt time the softer parts on the face of the
stone gradually wear away, leaving the harder marty as pyrites in the form of sharp angles,
not however protruding more perhaps than the tiaskrof a wafer beyond the face of the stone,
but that is sufficient to render it extremely damgye to continue working the mill. Great
attention is also necessary to the state of thagble, which are intended to keep the composition
in the track of the stone runners, thereby prewmgrttieir coming in contact with the stone beds.

It has been stated the two pairs of stones innpa@uder mill do not require a greater
power than that of 4 horses to send them roundb#te stones 7% times in a minute; this
however is erroneous for upon a 6 feet fall of wéte stone runners cannot be made to revolve
at that rate by less than 16 cubic feet of waterspeond, which reduced to horses power by the
common rule amongst mechanics gives rather more 8haorses power; and further, when the
horse gunpowder mills were at work, each pair ohes required two horses to make them
revolve 3 times in a minute; therefore in making ré¢olutions per minute it is not too much to
calculate that 2 pairs of stones would requirepthwer of 8 horses.

In all gunpowder mills that are erected in futureyould recommend that one uniform
system should be introduced so that the machineoy® mill might be applicable to any of the
others; that the shafts, arms, and rings of themwheels should be of cast iron; that the water
courses leading from the river in front of the miib the water wheels should be made with the
upstream side in a direction to meet the streangssto do away with the sharp angle which
impedes the free course of the current; that tHeamarges should be worked damper than they
are at present; and that the water for dampingsoit & commonly called liquoring the mill
charges should be distilled in a small still.
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Charge Magazines.

The charge magazines for greater security, oughtalve their doors facing the tail
streams, and each magazine ought to be situateded®tthe two mills to which it is
appropriated.

On the Process of Granulating Gunpowder by
Shaking Frames

At the Government manufactories it is usual whegaking in general terms to apply the
appellation of Corning house to a set of buildingsluding a washup house, press house,
traverse, and corning house; and although not uth@esame roof, yet the processes carried on
in the press and corning houses are connectedthenadvorkmen assist each other in both
buildings.

It has been already stated that the powder greatlulay shaking frames is pressed in
screw presses; upon reference to the descriptighi®fprocess page 17 it will be seen that the
press man standing on the end of a lever swaysaweer up and down until it is loosened from
the sides of the press; this is sometimes soonngacshed, but at others not without running
great risk of explosion from the immense frictioteading it; to remedy this evil | would
recommend that the chambers of the presses sheutthtie about 2 inches narrower in the back
part than they are at present, bevelling off toftbat; if by this alteration the powder were not
more easily forced out of the press, | would recandhthat a screw and spindle should be
introduced similar to that in the press house waykramah’s hydraulic press and shewn on the
drawing numbered 17; but this latter alteration ldooe the most expensive, and the powder
must be pressed in a kind of box, having a backopby and two sides, the door of the press
acting as the front, the follower and blocks tolée upon the upper charge the same as at
present.

Upon reference to the description of the sameqa®d will be seen that in breaking up
the press cake upon the breaking bin 24% per ceneduced to grain, and 12% per cent to dust,
the remaining 63 per cent to chucks pieces toceldog grain; notwithstanding this fact the
whole mess of chucks, grain and dust are colletigdther and put into the sieves upon the
shaking frames. It is well known that the shakingnfes are the principle point of danger in
corning houses, from the cranks becoming heateftidiion, from the powder being hammered
and shook about in the sieves, and from the quawitilust escaping out of them, floating about
the building, and settling upon the iron bearingd ather parts of the machinery, the 12% per
cent of dust amongst the chucks, arising in thiokids whenever the sieves are replenished with
broken press cake. Now if the grain and dust mame uhe breaking bin in breaking up the
press cake into chucks, were separated from ttex lagfore they are thrown into the sieves upon
the shaking frames, those clouds of dust wouldb®otreated, and the 242 per cent of grain
would not run the risk of being partially reduceddust before it is forced through the holes in
the parchment sieves, neither would the shakingdsabe so long employed. Another great cost
attendant on shaking frames arises from the dugtolying about the building, becoming too
dry to repress without being reworked at the gurgEvmills at an additional expense.

| have already proposed a remedy for these dabgessnply granulating the gunpowder
upon breaking bins, and separating the differezgdsgrains from each other and from the dust
by sending them down a nest of sieves attacheddio end thereof, instead of granulating it by
shaking frames; as a mitigation of these dangersepgrating the 24%: per cent of grain and the
12Y per cent of dust, made in breaking up the praks upon the breaking bins in the ordinary
way, from the chucks by sending them down the oéstreens which | proposed to attach to
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each end of the breaking bin, and only putting ¢hacks into the sieves upon the shaking
frames.

A trial has already taken place to ascertain tperse of granulating by either of these
methods, and the result has been transmitted t@dlaed of Ordnance; | shall therefore only
here state, first, that when the powder was graedlavholly upon the breaking bin it was
proved, that a less quantity of dust was produbead in the ordinary way of granulating with the
shaking frames; that 84 per cent of that dust wpaamted from the grain by the screens, and did
not float about the building, and therefore couddrepressed without the expense of reworking
at the gunpowder mills; that the expense of ergdtie buildings and breaking bins and keeping
them in repair would be three fourths less than dkpense of erecting corning houses and
shaking frames and keeping them in repair; thabtiea@king bins and screens would not require
the aid of water power; that the process mightdyeied on in small buildings which would not
cost more than £100; that only about 5 barrelsavider need be in each of these buildings at
one time, instead of from 25 to 40 barrels, andseguoently that if an accident did take place
only those 5 barrels of powder would explode, asstig one building worth £100, instead of
from 25 to 40 barrels destroying buildings worth78@, and only two men would be killed
instead of __; and finally that the expense of glaing the gunpowder would be 40 per cent
less than the expense of granulating by shakinmgdsadescribed at page 17 and next that when
the screens were only used to separate the chrarksthie grain and dust produced in breaking
up the press cake upon the breaking bins in thaang way, and sending the chucks to be
granulated in the sieves upon the shaking frantesas proved that the 12% per cent of dust
already spoken of amounting however to 44 per ottite total quantity of dust produced in the
process of granulating gunpowder by shaking frances)jld be repressed without being
reworked, and only 56 per cent of the dust woutpine to be reworked at the gunpowder mills;
that the quantity of dust floating about the bunfglivould be 44 per cent less; and finally that the
total expense of granulating gunpowder would be&6cent less than if the shaking frames only
were used.

This being the case it requires but little consatien to determine that screens ought to
be attached to the breaking bins; but as ther@ a@ning houses at Waltham Abbey working
shaking frames, and each erected at an expens800D£it would perhaps be inadvisable to
incur the expense of taking them down and erectitiger buildings for breaking bins and
screens, particularly as the water by which theacihmnery is now worked would run to waste;
but | would recommend that the breaking bins ahgaess house should have screens added
thereto, so that the broken press cake might biedeeyn them and cleared of the grain and dust
unavoidably produced even in the common way of kongaup the press cake before it is put
into the sieves upon the shaking frames. The expehsdding screens to each breaking bin
would be about £15.

Again, these two corning houses are quite equgtdaulate the powder required during
a time of peace, and consequently, any corninglingis erected in addition thereto, could only
be required because of a war, and therefore wauidle employed whilst the war lasted; under
these circumstances, it would be most economicaréct such buildings as would cost least,
because it is probable they would be pulled dowrhat re-establishment of peace, as two
corning houses were at the end of the last war;aanduildings with breaking bins and screens
may be erected at one quarter the expense of ¢phoinses and shaking frames, and yet do the
same quantity of work, | would recommend that tbdittonal quantity of gunpowder required
whenever the country may be engaged in war, shoellgranulated in buildings with breaking
bins and screens similar to those shewn in
the drawing numbered 30.

It has been suggested to have one of the cornbugds fitted up with four shaking
frames and the other with 6 reels, instead of thkgdings remaining as they are at present; and
also to have the tumbling shafts and machinery wtak the shaking frames placed under the
floor of the building. These proposed alteratianghie machinery of the corning houses
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however, would have rather an injurious than a beaéeffect; for the buildings would not be
enabled to do any more work in consequence of tlageh,a greater expenditure in labor would
be required in conveying the grain from the buiidproposed to contain the shaking frames to
the one proposed to contain the reels; and furthétre tumbling shafts and machinery that work
the shaking frames were placed under the floohefltuilding, they would be as liable to heat
from friction as they are now, placed as they &@va the floor, but the workmen would not be
able to ascertain when such an occurrence tooke gacsoon as they now do, because the
machinery would be out of their sight, and the éige effluvia arising from the oil, by which
the overheating is now discovered would not beagdyesmelt.

On the Process of Granulating Gunpowder by the mach
invented by the late Sir Wm. Congreve.

Before entering into any remarks upon this macltimeay be proper to observe that it
was intended more as a model than a machine fataonwork.

It has been shewn (see page 26) that the powa@ewigited by this machine is first
reduced to a powder and then pressed in thin daétsgeen copper plates. In practice however,
these copper plates are found to bend unequaliy the difficulty of always filling the spaces
between them equally with the broken mill cake tlsat whilst some parts of the powder are
pressed very hard, other parts will almost crumible dust upon being squeezed between the
fingers; and the operation of separating the haedes of press cake from the copper plates is
attended with great danger from the copper knif@ emsel frequently coming in contact with
them.

The rollers which reduce the press cake to gras @nstantly out of order, in
consequence of the teeth becoming blunt, and theespbetween them choked up with powder;
when the teeth are sharp the press cake is nippediain, and little dust is made, but when the
teeth have become blunt the press cake is onlyheduso pieces, and at such times a large
guantity of dust is produced.

The rollers and numerous bearings on this mactender it one of a most dangerous
description, and it has not been adopted by anyafrigunpowder manufacturer; indeed it is
surprising that it has stood so long without detiom, and it can only be accounted for from the
men having taken great care, and from its nevempbaveen urged to do any great quantity of
work in a given time.

I would therefore recommend that the use of thesmme, the hydraulic presses, and the
breaking machine should be discontinued.

On the Process of Dusting the Fine Grain

This process is merely the separation of thednaen from the dust produced in forming
the grains at the corning house, and which is eparmated from them at that building; it is
therefore taken to the dusting house and undeitheesperation described at page 28.

On the Process of Glazing the Fine Grain.

This process is intended to produce the sametedfethe operation of glazing the large
grains, viz. the removal of the soft parts and glaargles from the grains, and imparting to them
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a polish, by which they are better enabled to wathg the effects of the atmosphere and of time.
This operation causes thlarge grain to assume a greyish color, whilst¥fire grain becomes
of a deep black.

On the Process of Drying Gunpowder by Steam.

The Steam Stove is far preferable to the gloomestor drying gunpowder, but the pipes
in the drying rooms of the building shewn in thewling numbered 22, are inconveniently
placed so far as regards the equal distributiaihn@heat, being too high from the floors, and too
near to the ceilings. | would however recommend tha drying room should be heated by
warm water instead of steam as they are at prebecguse it is a more simple and less
expensive made.

On the Process of drying Gunpowder by Cast Iros.Pot

This operation is more expensive than the operatibdrying powder by steam; the
workmen must take great care in removing the povirden the racks after it has been dried, and
properly cover the iron pot, to prevent any of ghain from falling thereon.

General Remarks on the Manufacture of Gunpowder.

To make gunpowder of superior quality the ingretiemust be perfectly pure. Impure
ingredients produce injury in two ways, first, besa they interpose extraneous matter between
the atoms of the combustible substances and themgilsde rapidity of explosion; and secondly
because they are deliquescent, they therefore emkmbisture, which induces an incipient
crystallisation of the nitre, and thus gunpowdemabure elementary parts includes within itself
the germ of its own destruction.

In the operation of charring the wood, two poisit®uld be attended to, first not to char
too much, and second to produce charcoal lightfiem®dfrom a glazed crust.

Minute commination facilitates incorporation, imdethe ingredients may be prepared &
mixed in such a manrieras either greatly to increase the strength opgumler, or diminish the
time required for its incorporation. The greatesération ought to be paid to the process of
amalgamation, though of course it ought not to npofise all, and pure water should be used in
liquoring the charges. On cutting a piece of malke it ought to be without any white specks and
exhibit an ashey grey color if made with willow ct@al; if made with alder charcoal it ought to
be of a brown cast, and if made with black dog wobdrcoal the color ought to be a decided
brown.

The operations of pressing and glazing shouldoeatarried to excess they are necessary
because of the susceptibility which even the besipgwder possesses of absorbing moisture
from the hygrometic property of the charcoal, ilnescessary that gunpowder should not only
posses great propellant force when newly made,alaat retain its power to remote periods.
These operations preserve the powder and makempei@nt to withstand the shaking and

! sample 31
2 sample 32
% sample 21
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friction of carriage. Another advantage resultingni the operation of pressing is equality of
projectile effects; for when thgunpowder is taken from the gunpowder mill somiesisi, some

in pieces that easily crumble, and some in dustpafse the density is not equal, and as density
has a very influential operation in practical résult is desirable that equal density as far as
attainable should be possessed by every graintcaselcure this, the same weights of powder is
always placed in the press at one time, and thekribss to which it is reduced is always
invariably the same. Thus equal density must folladar as practice can effect it, and regularity
of projectile force, when the powder is used iruattervice.

The benefits of pressing and glazing thereforeadnsolute, although they interrupt the
rapidity of combustion, and thereby reduce the ellapt force of gunpowder nearly one half,
for if it be granulated without being pressed amalzgd it will raise the eprouvette about 6
inches, but if it be first pressed, then granulatel afterwards glazed it will seldom raise the
eprouvette more than 3 inches; this refers to thveder only when newly made, for if kept any
length of time the mill cake looses its force, b pressed and glazed powder remains at the
same strength as when first manufactured.

The best gunpowder being as aforesaid, exceedsugigeptible of deterioration, it is of
great importance that the wood of which the gunpawgzhrrels are made, should be perfectly
dry and well seasoned, and the best wood for $hiduebec oak.

It may be now seen that cannon and musket powdegraduced by the same operations,
and that the only difference existing between tlithis, in that thécannon powder is in grains
that will go through a sieve of 8 meshes to thévjrand not through one of 24 meshes to the
inch; whilst the’musket powder is in grains sufficiently small tothoough a wire of 24 meshes
to the inch, and yet large enough not to go thromgé of 48 meshes to the inch; it is true the
latter possesses more propellant force than tmeeiopowder, because being in smaller grains a
greater surface is exposed to the action of thedjaand therefore its explosion, although the
difference may not be perceptible, as more insteaas. It might also be known that in
manufacturing these two powders, of the dust thaet to be reworkéd3 per cent is in grains
that will pass through a sieve of 48 meshes tarttle, and also large enough not to pass through
one of 60 meshes to the inch, corresponding in izl rifle powder which has been
manufactured by Government, and with the best Bmpmowde? sold by the gunpowder
merchants; any grains remaining that will passughoa sieve of 60 meshes to the inch are so
small as scarcely to be distinguished from dusgst itot imperative to have the grains of cannon
and musket powder of the same size as they anesemqt, and the wire, reel cloth and cyphrus
silk through which they are run and by which theire is regulated have been frequently
changed, it therefore becomes a question whetlkgrahould not be reduced to finer grains, for
it need scarcely be added that the smaller thengiai which it is reduced the stronger is the
powder. It is true a greater expense would be necuin reducing the powder to smaller grains,
but it is to be considered whether this increasegerse would not be more than
counterbalanced by the saving that would be effeatethe expenditure of the powder from
smaller charges becoming necessary, and also whatheincreased effect would not be
produced in actual service, in consequence of the nmstantaneous explosion of the charges of
the
cannon.

In producing rifle powder (of which | believe nohas been manufactured since 1815)
some deviation from the mode of making cannon andket powder has taken place, the
charcoal having been made of black dog wood instéadllow or alder, and it was submitted to
the process of amalgamation from one to two hangdr, was granulated in sieves having their

! sample 22
2 sample 33
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bottoms made of brass wire cloth of about 53 meshése inch, and was all reduced to grains
sufficiently small to go through the wires of thoseves, it not being as in manufacturing
cannon and musket powder, some reduced to graahsvithand some that will not pass through
a wire of 24 meshes to the inch. This alteratiorthe mode of making rifle powder is in
consequence of greater nicety being required thaha two other kinds, from smaller charges
being used, and from the difference in the boresflek, it being desirable that they should be
fouled as little as possible after each dischaagel rifle powder produces this objectionable
effect in a less degree than cannon or musket powdsgppears to me however, that the process
which has been hitherto carried on to effect tHigect has created a greater expense than
necessary, was highly detrimental to the qualitthefpowder, for when it is all broken up small
enough to go through a wire of 53 meshes to thie, inearly one half of it is reduced to dust,
which requires reworking very often, and thus I@oseuch of its propellant force from the
lighter and more inflammable parts of the char@salaping, and that other means of granulating
it of a less dangerous character may be introdufegdbe it remembered that three corning
houses exploded at Faversham whilst producing gbigder, killing 24 men, and destroying
£15000 worth of property, besides injuring manyugend pounds worth more. The expense of
granulating a barrel of rifle powder hitherto haseb 6s.. 1%d more, than the expense of
granulating a barrel of cannon or musket powdes;fthmer being 13s.. 8%d, and the latter 7s..
6Y2d per barrel; whilst the additional cost of dagod over willow or alder for a barrel of
powder is only 1s.. 4%d, the former being 2s,.&dl the latter 1s.. 1%d per barrel. | would
therefore suggest that whenever any rifle powdeaedired, sufficient dog wood should be
purchased to make enough mill cake to produce timeber of barrels required by breaking up
and granulating the powder as it is done at presbos producing cannon, musket, and rifle
powder at the same time, and out of the same ralgetihe latter to consist of the 43 per cent of
grain amongst the dust that will pass through & wfr48 and be retained by one of 60 meshes to
the inch, and thus a saving of 4s 9%d per barrelldvbe made in the process of granulating
alone. The total saving in manufacturing each b&weever would be 13s, for if made as it has
been hitherto it will cost £2.. 0.. 0%, but if iletmanner | have just proposed it will only
cost £1 7 0% per barrel, besides giving at #maestime improved quality of cannon and
musket powder. And | would recommend that the 4B gent of grain amongst the dust,
produced in manufacturing cannon and musket posieunld be separated from it, for | cannot
perceive the advantage of incurring an expenselsf. 1%d per barrel in reamalgamating,
repressing, and regranulating that which is alrdadyrains that will pass through a wire of 48
meshes and be retained by one of 60 meshes ta¢heand actually fit for service, merely for
the sake of having it so large as not to pass girdhe first wire.

On the Process of Regenerating damaged Gunpowder.

The process of regenerating damaged gunpowdémreent introduction, its effect was
first tried by the late Sir Wm. Congreve; it haseiben operation at Waltham Abbey since the
year 1822, and about 18000 barrels of damaged gudgschave been operated upon.

After gunpowder has been manufactured about ZZboyears particularly if it has been
exposed to the deteriorating effects of a sea v@yddooses its form of grain, crumbles into
dust, and is deprived of its propellant force; theity of the ingredients however is seldom
affected unless the powder is allowed to remairsideteriorated state for any length of time. If
it therefore undergoes the process of regenerdisoribed at page 34, the incorporation of the
ingredients is again rendered as perfect as ingiewowder; and for the sum of 16s.. 2%d, the
value of a barrel of damaged gunpowder is increfread £1..7s to £4..10 or £5.
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The process of regenerating gunpowder thereforg beiconsidered of great advantage,
where the quality of the ingredients is not affd¢ci@nd particularly where a large stock is kept in
store.

On the Process of Extracting Saltpetre from unseable
Gunpowder

This process is very simple and differs littlenfradhe process of refining the saltpetre
before it is manufactured into gunpowder. Whenghepowder has lost its propellant force, and
the ingredients have become contaminated with darenatter, it is not only impossible to
restore to them their former explosive propertias éxceedingly dangerous to attempt it; still
however the nitre may be extracted from the charaod sulphur by the process described at
page 34, and be again used in the manufacturingwfgunpowder.

It would be advisable that the persons appointedelect the powder to be extracted,
should be well aquainted with its nature, and befaathey do not condemn that which may
only require to be regenerated; for there has bweaoh powder sent to Faversham to be
extracted which was but little deteriorated, andsthsamples were recently tried at Waltham
Abbey in the mortar with 2 ounces of powder, theal€harge, the ball of which was propelled
the following distances, viz.

1% Proof 280 feet
ond o« 23p «
34 « 230 *

whilst the average distance it was propelled orstirae day by the newly manufactured powder
was not more than 300 feet; thus clearly shewitigeeithat a proper examination was not made,
or that the persons who condemned the powder vwrsufficiently aquainted with it; for by the
process of regeneration it might have been rendasedood as any that had undergone that
operation, and for every barrel of powder thahisstunnecessarily extracted, a loss of £1..4..8 is
entailed upon the country.

On the Proof of Gunpowder.

Gunpowder is invested with difficulties from tharkest stage of its manufacture down to
its proof; the methods described at page 36, dotsia sufficient check upon its manufacture.

In proving gunpowder, extraordinary discrepandigse place, indeed the results are
often so capricious as to make it impossible tooant for them; and the mere proof of
gunpowder affords no further criterion for the qande of actual service, than as it gives the
range of the particular charge in the particulacpiof ordnance in which the proof is made.
Equal range has often been mistaken for equal tyu#tis however is a great error if applied
universally, for it will frequently happen that badnpowder when fired in large charges will
project a ball as far as good gunpowder, but gdimn small quantities it will not range one
quarter the distance of the powder to which it wefore equal; but where different gunpowders
range equally in artillery of all sizes and denaations with all the diversified multiplicity of
charges used in actual service, they may be regasiequally good.

The only principle upon which gunpowder should fedt as to its strength is that in which all
the charge explodes before the projectile is s@nsitied upon, and this, it is almost certain
takes place in the mortar when small charges aré.us
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On the Strength of Gunpowder

No satisfactory explanation has ever been givah@tause of the power of gunpowder,
by some it is attributed to the gases it generategynition, by others it is attributed to other
causes, none of which tend to place it withoutrgpeesition, in which it is possible to determine
its power by any certain rule or data.

The strength of gunpowder it appears to me, depenqubn the size of the flame it
produces, and the size of that flame depends upmuality of the ingredients, the perfectness
of their amalgamation, and the instantaneousnedbenf explosion. The flame produced by
gunpowder must be considered to be a body brouglitesly into existence, and to confine it is
impossible, for it will destroy or displace evehjing opposed to it. This flame denominated by
chemists a permanently elastic fluid, is calculdigdome writers to be 244 times the bulk of the
gunpowder, by others 4000 times and upwards; bastertain this point with accuracy is very
difficult, and at best it can only be matter of cyation, it however by any experiments
approaches nearer to the latter than the formeuamo

The size of the flame produced by gunpowder isldidb great variation, and although
two powders may be exactly equal in strength itlasibtful if they will project a ball equal
distances in actual service; this variation is edusy the difference in loading the cannon, firing
the charge, and many other circumstances, whitlowdh they may appear of little importance,
have a very influential effect upon the size of flaene produced; and therefore, even if there
were any means of ascertaining with accuracy wireatree dimensions of the flame created by
exploding gunpowder, it would not form any certdeta for actual service for the reasons just
stated.

A charge of gunpowder confined in a piece of orsleamay be considered as a short
bulky train, in a 42 pounder it is nearly two fe@eiength, and unless the whole explodes before
the ball is sensibly acted upon, it cannot rec#ieefull effect thereof. It sometimes happens that
a great portion of the charge is driven out ofdaenon without igniting; this has been proved by
laying a piece of linen in front of the
cannon, and it was covered with grains of powdtar dhe piece had been fired. In
actual service, only that portion of the powder baneffective which explodes before the ball
has left the cannon; and from this cause may b#yp@aced the variations in the ranges of
powders possessing equally good qualities, andetson of bad powder ranging as far as good
powder when used in large quantities. It appearsssablished fact that there is a certain charge
for any piece of ordnance beyond which it is usetesgo, but the following trials made in a 24
pounder at the several degrees of elevation spdgifhay put the question in a clearer point of
view, the range is taken to the first graze ofghet.

yards gar
Pointblank 6 Ibs of powder 480, 10 Ibs of powder 480
2° Elevation “ aa “ 1100
2Y° “ 1210 “ 1216
4° “ 1552 “ 1552
4 Y5° “ 1646 “ 1646
5° “ 1746 “ 1740

Hence we may conclude that in each case 4 |bsedhtiger charge was blown out of the
cannon unconsumed, or exploded uselessly, anddheréhat a large proportion of high charges
explodes to no useful purpose.
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A Treatise on Gunpowder
Part the Third

Report upon the Royal Gunpowder Manufactory of Waatt Abbey
Situation and Extent

The Royal Gunpowder Manufactory at Waltham Ablsegituated in two falls of water
in the river Lea, about 12 miles N. of London. lasvformerly a moderate sized private
manufactory, and was purchased by Government inydfae 1787, and then consisted of a
Saltpetre Refinery since pulled down,

A Composition mill worked by horses,

A Mixing house;

Seven gunpowder mills,

A Corning house, worked by horses, which wasrdged by
an explosion in the year 1801, and has not bearilteb

A Dusting house, and

Two Gloom Stoves,
and might be considered capable of producing 60f¥0els of gunpowder annually. At that
period the gunpowder manufactory drew only a partod the stream of the river Lea, the
remainder being divided between the Cheshunt anithém Abbey corn mills. By the purchase
of these two mills, the stream which had workedrttmuld be applied to the processes of the
gunpowder manufactory; and by the erection of @il buildings upon the old mill head, and
others upon a new mill head below the town of WatihAbbey, this manufactory was enabled
in the year 1813 to manufacture 25000 barrels apgwder.

At the establishment of peace in 1815, some obttest and most expensive buildings
were pulled down and their materials sold, only test efficient buildings have been kept in
repair and worked, so that many of the remaininigings and particularly some of the old mills
have become much dilapidated giving the manufactodesolate and ruinous appearance. Its
capabilities however are little impaired, and mtran equal to the work it now performs; and
the whole might be restored to its former efficignat an expense which it would be undesirable
to incur until a larger quantity of gunpowder iguéed than at present.

Previously however, to entering into any detapsmuthe state of the buildings it may be
necessary for the sake of clearness, to give asuatof that agent upon which the capabilities
of the manufactory mainly depend, viz.

The Water Power.

The water power possessed by the Ordnance at Walitidey consists of 8750 yards,
or almost 5 miles of the river Lea, commencinghattail of the Kings weir about 4 miles above,
and extending to Black Ditch, about one mile betbe town of Waltham Abbey, where it joins
the Enfield water, also the property of the Ordmaria the course of this distance the river
divides into four channels. The first channel @hltee small river Lea branches off from the
main stream about a quarter of a mile below King# wasses under the river Lea navigation
cuts (from which this part of the Ordnance propeigyives the name of the Aqueduct) and after
continuing a winding course for about 5 miles, goihe main stream at Enfield Lock;
this channel varies from about 15 to 50 feet intlyidrom 2 to 10 feet in depth, and assists in
carrying off flood water from the main stream byane of a sluice at the Aqueduct. Only a
portion of this channel belongs to the Ordnancenfthe Aqueduct the main stream pursues a
course of about 2% miles, varying from 50 to 10€t fe width, and from 3 to 16 feet in depth,
and arrives at a place called Thorogood sluicee tiee second channel commences called the
principal gunpowder mill head, which runs by thelbaf Paynes Island, and after pursuing a
course of about 1% mile, passes in two streamaghrdahe town of Waltham Abbey; this
channel varies from 20 to 70 feet in width, andrfrd to 20 feet in depth; the water from the
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main stream is admitted into it through two sluiee®aynes Island, the sluice at Thorogood was
removed some years ago, and an overshot erectid phace, with the mill higher than the
surface of the water in the main stream, so tretater only runs over during floods.

From Thorogood sluice the remainder of the rivasges in front of Paynes Island, and
flows to Newtons garden, where it divides into tstceams; the first is called the old river Lea,
or straits, and after pursuing a winding coursealodut 1% mile passes through the town of
Waltham Abbey under a part of the Storekeepersdydbs channel varies from 20 to 50 feet in
width, and from 3 to 20 feet in depth, and the waseadmitted into it through a sluice at
Newtons garden. The second of these streams exdddlé corn mill river, and after pursuing a
course of about one mile passes through the towWaltham Abbey in two streams; this
channel varies from 20 to 50 feet in width, anarfré to 8 feet in depth.

The three last streams after passing throughatve bf Waltham Abbey unite into one
which flows on to black ditch, varying in its coarBom 50 to 100 feet in width, and from 3 to
16 feet in depth.

From the tail of Kings weir to Black ditch therea fall of 19 feet, and in the course of
this distance the water is collected into 3 hedldsreby creating three falls. The first head
consists of all the water contained in the maieastr from the tail of Kings weir to Paynes
Island, and also includes the water from hencé¢owWaltham Abbey corn mill; the fall into the
principal gunpowder mill head at Paynes Islandfisdl 6 inches; the sluices acting as outlets for
surplus water during floods have different heigiftfall, that at the Aqueduct being about 4 feet,
and that at Newtons about 3 feet; and owing teshalowing of different parts of the river, there
is a further fall of 8 feet 6 inches between thedBKings weir and Paynes Island.

The second head consists of that part of the sedwmanch which exists between
Thorogood sluice and a tumbling bay commonly calleel gullies near to the Storekeepers
Office; this mill head has a fall of 6 feet.

And the third head consists of the water fromgtklies to the tumbling bay at the Lower
island; the mills &c are erected upon a small &udwd a quarter of a mile in length, commencing
a little above the tumbling bay; this head hadlaofé2 feet 10 inches.

The power of these falls of course depends upormgtiamtity of water passing through Kings
weir, and varies according to the different seasuirtte year, there being a greater quantity in
the winter than in the summer months; and duriregytlar 1830 the supply was as shewn in the
following table.

Smallest

Largest

Average

Periods ; . ; Remarks
guantity guantity guantity
t Cubic feet | Cubic feet | Cubic feet | These quantities are exclusive of
_'im;“lsthJa_rl‘“ary} 270 270 270 floods. The greatest floods generally
© pril 3 occur in the latter end of Jan. or the
From 229 Aril beglnnlng of Feb. When the snow
To 16" Junep }} 180 270 200 which has fallen during 'the winter
melts, and causes the river to run from
From 17 June } 120 180 140 4 to 6 feet above its ordinary level,
To 10" September} overflowing the adjacent country in
" many parts upwards of 3 feet deep.
_'igognlstl ch(fbpetf’}“ber} 180 270 200 During such floods the supply is
sometimes as much as 4000 cubic feet
From ' November} per second.
To 37 December } 270 270 270

These quantities are the average of measureméets t&o or three times a week during

the whole year; the smallest quantity viz. 120 culeet per second was during the month of
August, which is generally the driest portion o tear.
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It has been stated by others, that the supplyatémin the river Lea at Waltham Abbey
during 6 months of the year is only 200 cubic fesmt second, during another 3 months 120 cubic
feet per second, and during the remaining 3 mouoithise year only 70 cubic feet per second; &
that the annual average supply may be taken atatie feet per second, which upon the two
falls employed in turning the machinery of the nfactory is calculated to be equal to the
power of 84 horses. This account not only diffemsatly from that | have given above, but is
also greatly at variance with the report upon ttegewpower made by Mr. Rennie in the year
1806, for that gentleman there states that theageeof three measurements taken in the month
of August of that year was 120 cubic feet per sdc@xclusive of the water required for the
purposes of navigation, and that of the 120 cubat the gunpowder manufactory drew 76 cubic
feet per second, the remainder being employed irking the Waltham Abbey corn mill, and
further, that the 76 cubic feet per second drawthkeygunpowder manufactory was expended at
the fall of 6 feet in working 7 Gunpowder mills, ®norning house, and a dusting house.

During the year 1815, when the gunpowder manufaatcew the whole of the stream of
the river Lea, exclusive of what was required fog purposes of navigation, there were upon the
fall of 6 feet, eleven gunpowder mills, two corninguses, a dusting house, and a glazing mill,
all worked by water, now if the supply of water hadt been greater than 70 cubic feet per
second, it is obvious that a portion of the buiggirmust have been unable to work, since in 1806
only seven gunpowder mills, one corning house, amdisting house upon the same mill head
required a supply of 76 cubic feet per second. Séwen mills at work in 1806 were at work in
1815, and no alteration had been made in their magh and further, two gunpowder mills
which were erected about the year 1810, and whiehaiwork at present require more water
than any two mills that were at work in 1806. le tisual explanations relating to water power, |
shall refer to the measurements contained in thegfong table, which are corroborated by Mr.
Rennie, and other eminent Engineers.

The common rule amongst mechanics for reducingm@abwer to horses power, is by
multiplying the supply in cubic feet by 62% Ibs theight of a cubic foot of water, then by the
height of the falls, and by 60 minutes, and dividihe total by 44000 the number of pounds it is
calculated that a horse can lift one foot high imiaute, and according to this rule the quantity
of water given in the foregoing table as the sumpiythe river Lea at Waltham Abbey would be
equal to the following number of horses power, migithe periods stated.

Fall of 6 feet Fall of 2 feet 10 in Total
Periods Supply in | reduced to Supply in | reduced to number of
cubic feet | horses power | cubic feet | horses power horses
power

From T'Jan To 21 April, and} 270 138 270 65 203
From ' Nov To 3f' December}
a period of nearly 6 months  }
From 22° April To 16" June, and} | 200 102 200 48 150
From 17" Sept To 31 October }
a period of rather more than 3 months}
From 17" June To 18 September} 140 1 140 34 105
a period of 3 months }
Average quantity during the year 220 112 220 43 165

The foregoing calculations are exclusive of fraies; the amounts stated may be taken as
the average of future years.

In order to have a correct idea of the power tmbtined from the stream, it must be
considered that the machinery in the differentdods cannot with safety <operate> at a greater
velocity than has been mentioned in the descripgfcthem, that the buildings must be at such a
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distance from each other, as to be reasonably s@gurase of the accidental explosion of any
one of them, that in severe winters the frosts agltasionally freeze up the water wheels of the
mills and other manufacturing buildings, and figahat from the necessary cleaning, oiling, and
repairing the machinery, &c, the full number of Wiog days in the year for each building might

not be calculated at more than 300 including Susday

Greatest Produce of the Manufactory
When the manufactory was at its highest degreefidiency the stream did work

buildings during a portion of the year, requiritg tpower of 103 horses upon the fall of 6 feet,
and 36 horses on the fall of 2 feet 10 inches, nakitotal of 139 horses power, viz.

Total
On the fall of 6 feet horses  On thédéR ft 10 ins horses horses
power VIDEr power
11 Gunpowder mills = 88 4 gunpomwahdls = 32 = 120
2 Corning houses = 8 1 Guayrhouse = 4 = 12
1 Dusting house = 2 2
1 Glazing mill = 5 5
Total = 103 6 3= 139

The above mentioned machinery worked by water poves aided by 5 Composition
mills,
9 Gunpowder mills, each having one pair ohstaunners, for reworking dust, and
2 Corning houses.
worked by the animal labour of 50 horses; with éhtvgo powers and the gunpowder
mills working day and night, the manufactory wasaldad in the year 1813, to
produce 25000 barrels of gunpowder.
At present however the manufactory only employsasmnally a portion of the stream

equal to the power of 43 horses, viz. 1 Composition mill = 4
4 Gunpowder mills =32
1 Corning house =4
Y, Dusting house %
Y% Glazing mill 22
Total = 43 horses power

Present State of the Buildings

The following is a list of the buildings comparitigis manufactory in the year 1833 shewing
upon which fall they are situated, and what qugrmtitwork each class is capable of doing.
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[72)

tch

On the fall of 6 feet Og ]Ethleof?rlllsof - = c_:s
2 s g
- - 8 o o
. . ey
Description of building e (35) % e (35) 2 g 3| 5 8 %
8|So| g 8| So| £ 28| E| 83 |,
g8 & 258 2 5| 2| 3% |
£12s| |z |22 S| s|22|s| Eg |
S22 |R|2|22|2|R|as|R| 28 |¢&
Buildings worked | Composition Mills - - - - - |- |5 5 1{25000 | 1
by horses power l
{33000
{Composition Mills 1 |- 1 (1 |- |- - - - 1 {TSOOO 2
Buildings {Gunpowder mills 4 |1 318 |- |4 - 14 |- 12| 13500 |3
worked by {Corning houses 2 |- - 2 |- 1 - 1 |- 3 | 14000
water power {Dusting house 1 |- - 1) |- - - - 1 | 14000
{Glazing mill 1 |- - 1 |- |- - - - 1 | 14000 |4
Mixing house - - - - - - - - 1 1 | 30000
Charge magazine 2 |2 - 14 |- 13 - |3 |- 7 | 25000
Press house 2 |- - 2 |- 1 - 1 |- 3 | 14000
Receiving Magazineg 4 | 2 - 6 |- 1 - 1 |- 7 | 25000
Stoves {Gloom - |2 -2 |- |- - - - 2 | 10760
{Steam Yo l% |- |1 |- |- - - - 1 | 14560
Barrel house 1 |- - 1 |- |- - - - 1 | 30000
Magazine 1 |- - 1 |- - - - - 1 | 2000
Nitre Refineries - - - - - - - - 2 2 | 28672
Sulphur {Fusion - |- N I I - - |1 1 |{35840 |5
Refineries {Sublimation - |- - - -] - |- |1 1 |{
Remarks
1. These horse composition mills have not beerkegbsince 1815, they are old, but might be
repaired so as to grind composition for 25000 bswwkgunpowder per annum, and are situated
in the vicinity of the mixing house.
2. This water composition mill was formerly a gomgler mill, it is a very old building and wa|
at work when the manufactory was purchased in 1787.
3. Excepting two mills erected in 1814 similathe drawing numbered 12, the whole are uppn
very defective principles, and the machinery isalie in any two of them, the water is let on
the water wheels by breast instead of sinking gatethat its force is greatly diminished.
4. The two mills erected in 1814, the corning leaos the fall of 2 feet 10 inches and the
glazing mill, have each a regulator to regulatesipeed of their machinery, those on the
gunpowder mills are similar to that shewn on theendng numbered 32. When the machinery
moves with too great velocity, the balls markedxapand, raise the lever b, and cause the clu
c, to catch one of the small wheels d, which tamsin@ multiplier e, and which turning the other
wheels so as to ease the water gate f, admit @lesgity of water on the water wheel, and when
the machinery moves too slowly, the balls contract] the motion of the wheels & c is vice
versa.
5. These refineries are adjoining the main swé®&Yaltham Abbey at considerable distances
from the river banks.
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Besides workshops, Storehouses, and a cooperagaP teqa manufactory producing
30000 barrels of gunpowder annually. The charceabuat this manufactory had of late years
been prepared at the cylinder house at Favershagiinder house with one set of cylinders has
just been erected at Waltham Abbey.

From this it may be seen that the only manufadboiidings working
at present and in a fit state to work are

A water composition mill,
Four gunpowder mills,
Two corning houses,
A dusting house, and
A glazing mill,
which might if pressed to their utmost force, proel®000 barrels of gunpowder annually.

It may be necessary to say that the horse comgositills are in a state to be readily
repaired, that of the remaining gunpowder millgjrfare in a state to be readily repaired, three
are in a state of total decay, and one is so danghr situated as to render its removal
imperative, and that the corning houses, the duydtouse, and the glazing mill, are in good
order.

Drying Establishment.

The buildings composing the drying establishmeatare steam and two gloom stoves
are much out of repair, excepting one room of tteara stove, in which the powder now
manufactured and regenerated is dried, and of eoutst undergo a thorough repair previous to
their doing a large quantity of work. An improverh@nthe manner of heating the drying rooms
of the steam stove has been recommended in thencdsquart of this work, whenever it is
intended to put that building in an efficient state

Refining Establishment.
Nitre Refineries.

There are two nitre refineries at Waltham Abbey eapable of producing 320 and the
other 640 tons of refined nitre annually by thegess described at page 1, making a total of 960
tons. They are inconveniently placed particularhe tlarge refinery, causing a greater
expenditure of labour than would be required wéreytsituated differently; but as it would
require the rebuilding of the crystallising housgesobviate this defect completely it is not a
measure to be recommended.

In order to point out more clearly the situatiohtlee buildings, | have annotated a
drawing of the large refinery numbered 33, shewihg boiling, crystallising, and melting
houses as they are actually situated; AA, and B&faur copper boiling pans. The disadvantage
resulting from the situation of the buildings midie greatly diminished by pouring the liquor
boiled in the pans BB into the crystallising panghat part of the crystallising house nearest to
them; and the liquor boiled in the pans AA, migle @onveyed into the farther part of the
crystallising house in a wooden trough, from whithmight run into pouring pans, and be
poured into the crystallising pans.

Sulphur Refineries.
These buildings are in good order for carryingtbe processes for which they were

originally intended; an improvement in the systemedining sulphur has been recommended in
the second part of this work.
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Storehouses.

For Nitre.

The storehouses for containing grough nitre arekbarched buildings similar to the
drawing numbered 34, they have cast iron doors, amdfire proof; they are capable of
containing 25000 tons of grough nitre, and there @so other storehouses attached to the
refineries capable of holding between 500 and @03 f refined nitre; they are all in good
order.

For Sulphur.

There is at present at Waltham Abbey upwards 6020ns of grough sulphur, which is
more than equal to 220 years of consumption aptasent rate of manufacture; the storehouses
are all in good order, except one on horse midindl which has been much injured by being
overloaded.

General Storehouses.

There is sufficient storehouse room for any quegrditstores that may be required to be kept for
the purposes of the manufactory at its utmost éxtieay are all in good order.

Cooperage.

The cooperage is in good order, and quite equasugeply all the demand of the
manufactory, at its utmost extent.

Charring Establishment.

There has never existed any establishment for idgamwood at Waltham Abbey, the
charcoal was during the war prepared in Sussexsamg then at Faversham, where there is a
cylinder house containing 4 sets of cylinders, cosgal of three cylinders to a set, which is
capable of producing a sufficient quantity of cleaidor 10000 barrels of gunpowder annually.

A cylinder house with one set of cylinders similarthe drawing numbered 35, has just
been erected at this manufactory, upon a very estpegystem.

Plantations of Willow &c.

An acre of ground will grow one cord of wood waigdh 17 cwt annually, which will
produce about cwt 4..3..10 of charcoal, being sugfit for 36 barrels of gunpowder; and | would
recommend that willow and alder should continudeocultivated upon the ground which is at
present growing them at Waltham Abbey, Enfield, &agtersham, but that all the remainder of
the land belonging to the Ordnance at these safabpresent unplanted with any kind of wood,
should be planted with black dog wood, becausg mhuch more scarce than willow and alder
and a wood difficult to obtain.

Engineers Establishment.

The Engineers department have workshops, andhstases sufficiently spacious to be
able to keep every part of the manufactory in gaguhir, when working to its utmost extent; the
buildings are all in good order, except the millyintis store, which will soon require to be taken
down and rebuilt, the foundations having given warygd are shewn on the drawing numbered
36.
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Present state of the Water Courses and Sluices.

The whole of the water courses and tail streams kended up very much of late years,
in consequence of the small sum which has beemerpeon them since the war, and from the
same cause the sluices have very much gone to decthat a large quantity of water escapes
through them. Upon the re-establishment of the reaory it would be necessary to clear out
the water courses and tail streams, and re-instatgy of the sluices.

Capabilities of the Present Water Power.

The water power at Waltham Abbey which is now ke for the purposes of the
manufactory, cannot of itself work more machinehart would produce 18000 barrels of
gunpowder annually, even upon the improved priesigdointed out in the second part of this
work; and with the view of manufacturing this qugnit would be better to re-establish the
mills and the manufacturing buildings upon theiegant sites, than to erect them elsewhere,
excepting one mill at the Lower Island which isdemgerously situated, as to render its removal
as before stated imperative. The expense of réledtang the manufactory to produce the above
quantity of gunpowder would be £40590 detailed $tirkate No. 1

Increase to the Power of the Stream.

It has just been stated that the present water paoeld not of itself work more
machinery than would produce 18000 barrels of gwa®w annually, but as that quantity may
not be sufficient to meet the wants of Governméhiave to submit plans for the extension of
this manufactory as a means of increasing it.

The fall of 1 foot 6 inches at Paynes Island i$ awailable for the purposes of the
manufactory; but by puddling and raising the baokte present mill head from Paynes Island
to the gullies this 1 foot 6 inches might be adttezfeto, and could increase the fall at this mill
head from 6 feet to 7 feet 6 inches, and would add,

36 horses power during 6 months of the year,

25 horses power during another 3 months, and

18 horses power during the remaining 3 montheefyear, to the power of the stream at
this fall.

Previously however, to making any increase intteight of this fall, it will be necessary
to create additional space, wherein to erect awditimills, as any buildings placed higher up the
stream than the existing ones would in danger andhldangerous to the dusting house and
gloom stoves.

In order to keep each class of buildings as regether as possible, the most _ mode
of creating additional space whereon to erect adit mills, would be to create a new mill head
and tail streams in Queen’s mead according to ¢herapanying plan numbered 37, in which it
will be seen that each line of mills is separatesinf the opposite line by an intervening
embankment, so that the risk to which the preseild on one side of the mill head are liable of
destroying those on the other would be altogetieidad.

Increased space being thus obtained whereon ¢b &dditional mills; and the banks of
the old mill head having been raised 1 foot 6 isclibe force of the stream belonging to the
Ordnance at Waltham Abbey would be equal to tHeviehg number of horses power during the
periods stated.
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Fafl6 feet Fall of 2ft 10 Tbta
horses power horsmsqr number of
horses power
During 6 months of the year 172 65 = 237
During another 3 months, 127 48 = 175
During the remaining 3 months of the year 89 34 = 23

If however the water for working the mills uporetfall of 2 feet 10 inches is taken from
the river Lea navigation, which is liable to comdétaariation, it would not be possible to
calculate upon having a greater number of buildunqgsn that fall than there is at present.

The above amount of water power upon the fall déét 6 inches if applied to work
machinery upon the improved principles pointed wuthe second part of this work would
during 6 months of the year work

2 composition mills
15 gunpowder mills,
2 corning houses,
1 dusting house, and
1 glazing mill.
During another 3 months of the year,
2 composition mills,
10 gunpowder mills,
2 corning houses,
1 dusting house, and
1 glazing mill.
And during the remaining 3 months of the year,
1 composition mill,
1 gunpowder mill,
2 corning houses,
1 dusting house, and
1 glazing mill;

and with the view to combine the old with the newl fmnead in the most advantageous and
economical manner | shall submit that the buildisigsuld be arranged as follows.

Composition mills.

To be erected entirely new on the gullies of theerolll head 2
Gunpowder mills.
To be retained and re-installed upon the old na#idh 3
To be erected entirely new on the new mill head 10
On the fall of 2 feet 10 inches at the Lower islamge to be removed and}
erected elsewhere, three to be retained and repaire }_ 4
Total 19

Press houses.

To be retained as at present upon the old mill head 2

On the fall of 2 feet 10 inches at the Lower islaiodbe altered and the}

screw presses introduced instead of Bramah's hiidnatesses } _1
Total 3
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Corning houses.

To be retained as at present upon the old mill head 2

On the fall of 2 feet 10 inches at the Lower islaiodbe altered and the}

the shaking frames to be introduced instead optesent machine } _ 1
Total 3

Dusting house.

To be retained as at present upon the old mill head 1
Glazing mill.
To be retained as at present upon the old mill head 1

Granulating buildings
To be erected entirely new on the banks of thelsatdedmondsey mead }
for granulating by breaking bins and screens, tigtimnal quantity of  }
press cake over and above what the 3 corning h@ausesapable of doing} 3

The foregoing allotment dhe several buildings and machinery, would add ntoctie
security and efficiency of the manufactory, and ldansure an annual produce of 23500 barrels
of gunpowder, with a much less number of hands,amduch less expense than heretofore. The
expense of this proposed new mill head, and thestablishment of the buildings upon the old
mill head and at the Lower island would be £73@##ailed in estimate No.2.

The manufacture of Gunpowder may be greatly ine@éy the
Purchase of additional Water power.

The water belonging to the Ordnance commencdseattl of Kings weir, where there is
a fall of 3 feet 6 inches, and from thence to Payisland there is as before stated, a further fall
of 8 feet 6 inches, making a total of 12 feet frima upperpart of Kings weir; therefore if the
foregoing annual produce of 23500 barrels shouldbh®odeemed sufficient, the purchase of
Kings weir would afford the means of more than ldimg the water power now possessed by
the Ordnance, and of raising the annual produ¢keomanufactory to upwards of 50000 barrels.
The purchase of land however to form the requisilé heads and tail streams, and erection of
new mills &c would amount to upwards of £150000.

Manufacture of Gunpowder during Peace.

It appears by the Parliamentary returns printedhieyorder of the House of Parliament
that in 1828 there were 279602 barrels of gunpowudstore in different Magazines and Forts at
Home and in the Colonies; and that the averageamomnsumption of gunpowder for the eleven
years preceding that period, had been 5888 barrels.

A portion of the foregoing large quantity of gummter is that which was left <unused>
at the end of the last war, and the remainderagptbduce of contracts entered into with private
gunpowder merchants previous to the establishnfent obut the greater portion of which was
not supplied until the demand for it <had passed>.

Provided a war were to take place it would requi9000 barrels of gunpowder
<annually to supply> the navy and army, of which thrmer would require 80000, and the latter
40000 barrels; the colonies would require 60000ebsrand it would be <advisable> to have
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about 20000 barrels in store in addition, as arves@ order of <10 per cent, giving> a total of
200000 barrels.

Although there is so large a quantity as 2796Q2eksmof gunpowder in store, from its
age, and from the small quantity which has beermegted it is doubtful whether a large
portion of it is not unfit for service, and in ttea upon the manufacture of gunpowder during
peace, it is to be considered whether only 5888&:lsaare to be manufactured or regenerated, to
supply the peace demands or whether in additioetth€00000 barrels of gunpowder are to be
kept in a serviceable state to supply the navyya&n upon a war breaking out.

Supposing the former to be the case, the manufattats present state is quite capable
of producing for the peace demand of gunpowderalse if pushed to its utmost force it can
produce 6000 barrels of gunpowder annually, whetkasaverage expenditure is only 5888
barrels.

But if it is the intention of Government to keapstore in a reasonable state the before
mentioned quantity of 200000 barrels of gunpowderddition to the manufacturing of 5888
barrels annually, some of the manufacturing bugdinvhich have gone to decay must be re-
instated to afford the means of so doing; for aspgwder requires regenerating about once in
20 or 25 years there would be about 8000 barrejsinag to be regenerated annually, in
addition to the 5888 barrels to be manufactured.

To manufacture and regenerate this quantity opgualer the following buildings would
require to be kept in partial or constant work, viz

The composition mill,

Seven gunpowder mills, working day and night,
Three press and corning houses,

Half of the dusting house,

Half of the glazing mill, and

The steam stove.

Previously however to re-establishing any of thiddings upon the fall of 6 feet, it is
necessary to determine whether the fall of 1 foandhes at Paynes island is now, or at any
future period to be added thereto, as the machiappjicable to the fall of 6 feet, would be
inapplicable to the increased fall of 7 feet 6 Eghand in order to add this fall to the powers of
the manufactory it would require an outlay of £408fclusive of the expense of raising the
floors and machinery of the support buildings ergon the banks.

| would therefore propose to provide for the pedemand of gunpowder and the keeping
200000 barrels of powder in a serviceable stateehbgstablishing the mills at the Lower island,
which are totally independent of the upper parttted stream, to work in addition to those
working at present upon the fall of 6 feet.

Under this view of the case an outlay of £990@itkd in estimate No.3 would render the
manufactory efficient for many years.

Calculated Expense.

For the sake of clearness the expense will beidersl according to amount beginning
with the smallest sum, viz. The expense of rendetive manufactory efficient to supply the
peace demand of gunpowder, and to keep 200000Ibafrgunpowder in a serviceable state.
Upon referring to the magazine store of gunpowdaing Peace, it will be seen that it is
proposed to reestablish the mill on the fall ofe2tf10 inches at the Lower island to work in
combination with the mills working at present uptire fall of 6 feet; and the expense is
calculated at £9900 detailed in estimate No. 3.

On the second supposition that the manufactoty ise made efficient to the extent of
the present water power so as to produce 1800@&lIbanf gunpowder annually, it will be
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necessary to erect two new composition mills orgthlkes at the mill head, and four gunpowder
mills on their present sites, to pull down onelet tower island and erect it farther from the
corning house, and to reinstate the water coursgsegpair the machinery of six others; to repair
the stoves; to enlarge the cylinder house for amgmood, to alter one of the corning houses; to
clean out the mill heads and tail streams; andefmir the sluices. The expense of this plan
would be £40590 detailed in estimate No.1.

And on the third supposition that the manufactarioi be rendered efficient to the utmost
extent of the water power possessed by the Ordnawes to produce 23500 barrels of
gunpowder annually, the banks of the old mill htrach Paynes island to the gullies will require
to be raised 1 foot 6 inches, and it will be neags$o puddle around some, and raise the floors
of other buildings on the banks, to erect two newposition mills on the gullies, and three new
gunpowder mills on their present sites; to createew mill head and tail streams in Queen’s
mead, and erect ten new gunpowder mills thereonepair the stoves, to enlarge the cylinder
house; to remove one gunpowder mill and erectribé from the corning house, re-instate the
water courses and repair the machinery of threerstrand to alter the corning house at the
Lower island, to clean out the mill heads andda#ams, and to repair the sluices. The expense
of this plan would be £78040, detailed on estinhxe?2.
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In conclusion | have only to state that | have sidered the foregoing
explanations to point out how the different proessare carried on at this present, and to bring
at once under review the several improvements ¢ lpgoposed therein, viz.

at page 37, that the process of refining nitre mayendered less expensive, and
that the ingredient need not be melted, thus emgatto the liability
of receiving injury.

at page 39 that the charcoal may be producedaf superior quality and at
less cost than that now used.

at page 43 that the sulphur may be rendered plriaate by a process
not so expensive as the one to which it is nowrstied, and which
only removes one half of the impurities from it.

at page 45 that the process of amalgamation mayusé improved.

at page 47 that the danger and expense of gramyllatay be greatly
reduced, and the operation rendered much lessleamp

at page 50 that the mode of drying the powder neaiyriproved.

at page 50 | have also mentioned that the ingré&limay be prepared
and mixed in such a manners either greatly to increase the strength of
gunpowder, or to diminish the time required foratsalgamation, and
exclusive of all these observations and proposguldwements, | have pointed
out that there is 43 per cent of graisuperior to either the cannon or musket
powder now produced, contained in the dust andnst® be reworked,
but which might be separated from it without aganaergoing the processes
of amalgamation, pressing, and granulating, whioheal trust
IS a suggestion entitled to a favorable considemnati

! see sample 21
%2 see sample 29
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Estimate No. 1

Estimate of the expense of rendering the manufaci@pable of producing
18000 barrels of gunpowder per annum.

On the fall of 6 feet.

£
To rebuild the gullies at the mill head 2000
T erect two new composition mills thereon 4000
To re-build four gunpowder mills upon their pressités 10000
To re-instate the water courses and repair the mawghof three others 4500
To repair the Stoves and other buildings &0

To re-instate the overshot above the mills on thetwide of the mill head 400
On the fall of 2 feet 10 inches.

To re-instate the water courses and repair the maighof three }

gunpowder mills } 4500

To remove another and erect it at a greater distboen the  }

corning house } 2000

To alter the press and corning houses, and todat®the screw presses}

and shaking frames, instead of the present hydrputisses and }

granulating machine } 1000

To clean out mill head and tail streams, and toteeewaste gate}

for flood waters } 1500

To enlarge the cylinder house and to make it capabtharring}

wood for 18000 barrels of gunpowder annually } __ 5000
£36900

Addi/10for contingencies £ 3690

Total £ 40590
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Estimate No.2.

Estimate of the expense of rendering the manufaciapable of
producing 23500 barrels of gunpowder annually.

On the old mill head

£
To raise the banks of the old mill head from Payslesd to the gullies 2000
To raise the floors and machinery of the dustingseo one gloom stove, the}
glazing mill, and one corning house, and to puddkfeont of and make } 3000
drains at the back of one corning house and tlarsttove }
To rebuild the gullies of the mill head 2000
To erect two composition mills thereon 4000
To rebuild three gunpowder mills upon their presstas 6500
To repair the stoves and other buildings, and eatehree buildings with}
breaking bins and screens for granulating gunpowder } 2500
To reinstate the overshot above the mills on thet wiele of the mill head 400
Proposed new mill head in Queen’s mead.
To excavate a new mill head and tail streams o
To erect a waste gate for flood waters 1000
To erect ten new gunpowder mills 25000
On the fall of 2 feet 10 inches.

To reinstate the water courses and repair the maghof the gunpowder}
mills } 4500
To remove one gunpowder mill and erect it at atgredistance from}
the corning house } 2000
To alter the press and corning houses, and todat®the screw presses and}
shaking frames, instead of the present hydrauésgand granulating }
machine } 1000
To clean out the mill head and tail streams aref¢ot a waste}
gate for flood waters } 1500
To enlarge the cylinder house and to make it capabtharring wood}
for 23500 barrels of gunpowder per annum } _ @D

£ 66400

Add/1ofor contingencies £ 6640

Total of £ 73040
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Estimate No. 3.
Estimate for the expense of rendering the manufaetificient to manufacture
5888 barrels of gunpowder annually, and to keesttwee of
200000 barrels of gunpowder in a serviceable state.

On the fall of 2 feet 10 inches.

£
To reinstate the water courses and repair the maghof three}
gunpowder mills } 4500
To remove one gunpowder mill and erect it at atgredistance }
from the corning houses } 2000
To alter the press and corning houses, and todat®the screw}
presses and shaking frames, instead of the hydnandsses and }
present granulating machine } 1000
To clean out the mill head and tail streams, aneréat a waste}
gate for flood waters } ~1500

£ 9000
Add/iofor contingencies £ 900

Totdl £ 9900
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