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Deflagrations caused by interactions of charcoal with potassium nitrate were discovered 

in 9th-century China. This led quickly to the development of primitive fuzes and 

ballistics. Roger Bacon, a 113th-century Franciscan monk experimented in England with 

gunpowder. The 18th-century saw the manufacture of charcoal by the cylinder method 

and the development of Waltham Abbey as the centre for gunpowder production which 

peaked to about 20000 barrels per year at the time of the Battle of Waterloo. Methods of 

gunpowder manufacture changed little over the centuries until recent times. Whereas 

sulphur and nitre are reproducible ingredients, a mystery enshrined optimum 

specifications for gunpowder charcoal. Within recent years the application of modern 

analytical techniques has removed some of this mystery and anatomical features and 

physical properties have been characterized. 

1. The discovery of gunpowder 

Gunpowder is an explosive mixture of potassium 

nitrate (75%), charcoal (15%) and sulphur (10%). 

Early explosives (protogunpowder) contained simi­

lar ingredients but in varying proportions. 

with the explosive mixture and lit with a fuze 

(Fig. 1). Similar devices were used by the Chinese 

pirates up until the 19th-century. 

, 
, Protogunpowder was discovered in China in the 

'.' \ 9th-century, when potassium nitrate was used as a 

flux in smelting metals [1] . For purification, the 

potassium nitrate was re-crystallized from boiling 

water. One alchemist accidentally dropped char­

coal from the fire into the potassium nitrate and 

the mixture deflagrated, and others were warned 

not to mix potassium nitrate (nitre or saltpetre) 

and charcoal as the reaction "singed beards and 

burnt down buildings". 

The discovery of this explosive mixture led to 

thc rapid devclopment of protogunpowder for use 

in warfarc for fuzes, simple bombs and for 

grenades which were hurled by trebuchcts, or large 

catapults. The first formula for protogunpO\yder 

appcarcd in China in 1044. At this time the mix­

ture was used widely in namc throwcrs which were 

made frolll hollow bamboo or papcr tubcs, packcd Figure 1 Dia)!ral1l of an early Chinesc flame throwcr Ill. 
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Figure 2 Roger Bacon and a pupil. 

In 1230 the proportion of potassium nitrate in 

I
1 \ the mixture was increased and the propellant 

properties of the mixture were discovered. This 
led to the use of eruptors which were large dia­
meter bamboo tubes packed with gunpowder and 
projectiles such as chain shot. Metal barrelled can­
non were developed from these in 1290. In China 
it took three centuries from the discovery of gun­
powder to develop from the simple flame thrower 
to the cannon. 

2. Roger Bacon 
The use of gunpowder then spread through Arab 
lands to Europe and through Spain and Germany 
to England where the name of Roger Bacon, a 
13th-century Franciscan monk, is commonly 
linked with the discovery of gunpowder (Fig. 2) . 
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Bacon, who was a learned scholar and carried 
out scientific work in many disciplines, did not 
discover gunpowder but probably learnt of its 
existence from an Arab trader. He experimented 
with gunpowder by varying the proportions of the 
constituents and noting the effect on the mixture's 
explosive properties. Bacon was also the first to 
make reference to the type of charcoal used , 
recommending the use of young hazel twigs to 
make charcoal for gunpowder [2] . 

Roger Bacon, although fascinated by gun· 
powder, realized the deadly implications should 
the formula become widely known so he wrote it 
in the form of a cipher. This cipher was written in 
1267 but was not published then because of 
opposition from his Abbot. 

In 1618 the gunpowder formula was published 

FiKllrc 3 The Miiclllcte !!un [41. 



but it was not until 1904 that it was deciphered by .· 
Hime by which time the gunpowder formula was 
widely known [3). The formula given in the cipher 
was 7 parts saltpetre, 5 parts of hazel charcoal and 
5 parts sulphur. Bacon discovered that powder 
with high nitrate concentrations was more explos­
ive than mixtures used previously. 

Figure 4 Devils teaching monks how to 
make gunpowder (16th century). 

3. Gunpowder in Europe 
By 1326 the discovery of the cannon had spread 
to Europe. The first illustration of a cannon is 
shown in a manuscript by Waiter de MiIemete in 
1326 [4). The cannon, known as the Milemete gun 
and shown in Fig. 3, was vase shaped and loaded 
with gunpowder and an arrow-shaped projectile. 

. . . 
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FiK/lrC 5 Illu stra t io n of charcoal manufac ture in the 18th century [7]. 
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The gunpowder used was the high nitrate variety 
and the propellant properties of the mixture were 
exploited. This weapon must have been inaccurate 
but probably proved effective at close range. 

The arrival of the cannon led to the develop­
ment of riflep barrelled guns. Gunpowder was now 
needed to be an even burning mixture and so more 
attention was given to the composition. Methods 
of purifying potassium nitrate and sulphur were 
well known, charcoal being the only variable com­
ponent. 

The first record of gunpowder being used by 
English troops was in 1346 at the Battle ofCrecy. 

. ::"-
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Fixurc 7 Photograph of Essex charcoa l burner and his hut 

[ RI· 
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Figure 6 lIlustration of charcoal 
manufacture in the 18th cen­
tury (7). 

Legend recounts that the gunpowder may have been 
manufactured by the monks at Waltham Abbey in 
Essex. (Waltham Abbey was destined to become 
the "home" of gunpowder in England.) Gunpowder 
manufacture was regarded at that time as one of 
the black arts and people believed that devils taught 
the monks how to make gunpowder (Fig. 4). 

By the 16th century gunpowder was widely 
used in warfare but there were complaints about 
the price and the quality of powder obtainable in 
England . It was suggested to the Government that 
they build powder mills to meet demands for gun­
powder in England, [5) . 

FiKllre 8 Photograph showing wood stacked around 
hearth prior to burning [RI· 
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4. Gunpowder manufacture 
In 17th century England methods of charcoal 
manufacture were investigated and Sir lames Hope 
in 1646 described the process [6]. There was no 
mention of the type of wood used but small even 
pieces of wood were stacked, covered with t'urf 
and then charred. This method, illustrated in Figs. 
5 and 6, was still in use in the early 20th century 
(7]. In Figs. 7 and 8, a charcoal burner in 1907 is 
shown . By comparing Figs 5 and 8 it can be seen 
that similar methods of charcoal manufacture were 
used for over three centuries in England [8]. 

In 1756 there were many recipes available for 
gunpowder. The proportions of the three ingre­
dients varied slightly according to the type of gun 
with which. they were to be used. All were high 
nitrate powders with approximately 75% potas­
sium nitrate. 

In 1759, under pressure, the Government 
eventually purchased powder mills which were 
previously established mills situated in Faversham, 
Kent. Powder produced here by the Government 
was said to be more costly and not as powerful as 
commercially available powders so the mills were 
under threat of closure. In 1783 Major William 
Congreve made successful representations to sup­
port the argument that they could be run as a 
viable proposition. Under Congreve's control the 
mills worked efficiently. He investigated methods 
of ensuring that the performance of gunpowder 
was reproducible. The main problem again was 

with the charcoal, that is, from which woods and 
how it was produced. 

In 1786 Bishop Watson was asked by the 
Government to suggest a more reproducible way 
of charring wood. Watson thought that making 
charcoal by distilling wood in cylindrical closed 
vessels would produce a better charcoal [9]. This 
method was viewed with scepticism by those who 
believed charcoal should be made by the method it 
had been made for centuries. The new innovation 
of using closed cylindrical vessels was tried and 
Congreve manufactured gunpowder from Bishop 
Watson's charcoal. Gunpowder made from the 
"cylinder" charcoal was found to be more power­
ful than previous gunpowder. Even though the 
tests proved that cylinder charcoal produced a 
superior gunpowder, this method of charcoal pro­
duction was not introduced until 1794. 

Congreve improved the efficiency of the mills 
at Faversham and the quality of the gunpowder 
produced. In 1787 the Government purchased the 
mills at Waltham Abbey which also came under 
Congreve's control. An early illustration of the 
water-powered mills is shown in Fig. 9. In 1788 
the formula for gunpowder manufactured at Wal­
tham Abbey was 75% potassium nitrate , 15% char­
coal and 10% sulphur. These are the proportions 
which are used at the present time. Between 1789 
and 1810 Congreve's mills produced 407408 
barrels of gunpowder, each weighing 100 lb, at a 
saving to the Government of £288 357 6s O~d [5]. 

Figure 9 Illustration of Waltham Abbey Powder Mills as owned by John Walton 1735. 
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Figure 10 Photograph of Waltham Abbey in 1890 showing 

canals and small boats for gunpowder transport on the 

internal waterways. 

In 1805 Congreve's son, also a WilIiam Con- . 

greve, developed the Congreve rocket used widely 

in warfare by naval and land forces. 

In 1810 experiments were carried out to im­

prove the uniformity of quality of batches of gun­

powder. In 1812 Congreve was made a baronet 

after proving that Waltham Abbey gunpowder was 

not only cheaper but was more powerful than 

commercial powders. 
This was the time. of the Napoleonic wars. In 

1810 Waltham Abbey alone produced 20000 

barrels of gunpowder a year but after the Battle of 

Waterloo this was reduced to 4000 barrels in 1815, 

1000 barrels in 1816 and less in the following 

years. As demand fell the Waltham Abbey mills 

were retained by the Government but all others 

were sold back to private owners. A view of the 

Waltham Abbey Powder Mills is shown in Fig. 10. 

5. Methods of gunpowder production 

By 1822 gunpowder production processes had 

been perfected and these and similar processes 

were used up to the present century. Throughout 

the 19th century many handbooks were published 

dealing with the manufacture and proof of gun­

powder. One of the earliest was written by 

Frederick Drayson in 1830 (10) . Drayson gives a 

detailed account of the preparation of the three 

ingredients . The potassium nitrate, imported from 

India, was already partially refined and was known 

as "grough saltpetre". It was purified by boiling 2 

tons saltpetre in 270 gallons water. The solution 

was boiled, cleared of scum, and the salt recrystal­

lized. The material was stirred whilst crystallizing 

so that the saltpetre produced was in the form of 

fine flour. There was a 29% loss in this process due 

to impurities (Figs. 11 and 12). 

The wood was charred at Faversham by the 

cylinder' method recommended by Bishop Watson 

(9). Before charring, the wood was stripped of 

bark and knots and cut to a length of 3 ft 4 in. 

About 5801b wood was put into each cylinder, 

three cylinders being filled at a time . These were 

made of cast iron and are illustrated in Figs. 13 

and 14. The cylinders were placed in the furnace 

and heated for 8 hours after which the furnace was 

shut down and the charcoal left overnight in the 

cylinders to cool before it was exposed to air. 

One set of three cylinders was capable of mak­

ing enough charcoal to produce 2500 barrels of 

gunpowder per annum. The building at Faversham 

contained four sets and was therefore capable of 

l . Botbr. 8 . Filur/ng nrIJlV rr,IU J C. {'rrl~r. O. [)rauur 

E . "''a .shtng J~1l f l'<!(I ('r Ttu'" C. F.mpcr(ltVl.!,1 p fln.s H. Fdur 

Figllre J J I)iagram o f saltpetre refining appa ratu s at Wait ham Abbey 1141· 
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Figure 12 Photograph of the saltpetre refinery, Waltham Abbey (13]. 

producing enough charcoal for 10 000 barrels of 
gunpowder. 

The wood used to make charcoal was the alder, 
willow or dogwood, much of which was grown on 
the plantations at Waltham Abbey when a cylinder 
house was built there at a later date . 

Sulphur was refined by a process of distillation 

by heating 6 cwt of grough sulphur in a cast iron pot 
in a furnace. The initial yellow fumes were led to 
the sublimation dome and the subsequent brown 
fumes to receiving pots . When partially cooled the 
sulphur was ladled by hand into wooden tubs 
(Figs. 15 and 16). 

Baddeley in 1857 also describes the ingredients 

ApPARATUS FOR BURNINC CHARCOAL. 

B r------- -, 

:; 

c 

r9 
I 1 

I 

A. Hefnrt. showing pipes lur iY ... du.-f"'s .qtu,r.r t, . dIP ("rfltU' .. 

R. Slit" for IwldU'fI wood . C. WolIT. /J.larri,,!1' lior Slit, 

Figllre 13 Diagralll (If t he cy lind er m et hod or c ha rcoal prod uc tio n 1121. 
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Figure 14 Photograph of charcoal manufacture [ 13 J. 

of the gunpowder in detail [11]. He noted that 

alder, willow and black dogwood were used for 

good gunpowder charcoal. Wardell's handbook 

(1888) includes some excellent diagrams of the 

gunpowder production process [121. 

One of the more general descriptions of gun­

powder manufacture was published by Fitzgerald 

in 1895 [13]. The best description of gunpowder 

manufacture is in F. M. Smith's Handbook on gun-

powder published in 1870 [14]. This article 

described the preparation of all ingredients and the 

manufacture of gunpowder and other explosives. 

This process described in 1870 had already been 

used for 200 years and was in common use until 

the middle of this century. 

The ingredients were prepared as described pre­

viously. All ingredients were ground individually 

and then mixed in the required proportions. The 

SULPHUR REFI NI Ne ApPARATUS . 

Fig.t . c 

A McUmgPot. 
A Rel'ejylngl'of.. 

A 

C. Sf(liItmingCharnba o
• 

D . Cold WiLt.erJaclcd 

Jj,,, S,,f/imin.q Chamkra- R~ving!+>t {In·pI.aw "tIT!!/" {fmir.sto m"oanolhrl'tn lit./' rf'iiJ/f'r'\'. 

Figllr" 15 Dia!; ralll showing, t he sulphur refining, apparatus 11 21· 
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Figure 16 Photograph showing sulphur refining ( 13) . 

mixture was loaded in 60 lb sacks and taken to the 
incorporating mill. The incorporating mill was the 
first of the danger buildings as the mixture was 
highly inflammable at this stage. The steam­
powered incorporating mills were built in sets of 
six, whereas the earlier water-powered mills were 
built in pairs (Figs: 17 and 18). As all walls except 
those dividing the mills were built of canvas on a 
light metal framework and the roofs were wooden 
these offered little or no resistance to explosions 
thereby reducing the damage to the machinery. 
Above the mills was a flash board which in the 
event of an explosion would be violently dis­
placed and tanks of water would empty onto the 
bed of that mill and all the others nearby to 
reduce risk of fire. 

The incorporating mills consisted of a circular 
stone or iron bed and two revolving wheels , or run­
ners, of about 4 tons each. The mixture was put on 

r 
I 
.L- ------

to the bed of the mill and wooden ploughs were 
fixed to the central shaft so that -all the powder 
was kept under the runners (Figs. 19 and 20). 

Owing to the danger involved in this process, all 
tools used were made from non-sparking materials. 
The mill operator, wearing protective heavy-leather 
clothing , would start the mill from outside (Fig. 
21) . After milling for 3 hours or more the mixture 
formed mill cake, which was removed from the 
mill and taken to the breaking-<lown house where 
it was broken down to meal powder by gun-metal 
rollers (Fig . 22). 

The meal powder was then taken to the press 
house . As this was o ne of the most dangerous 
stages, the press house was separated from the 
men's retiring room by a massive stone, brick and 
earth wall (Fig . 23). In the press a number of cop­
per plates were fixed in a rack and 750 lb of powder 
was placed between them. The plates were then 

Fi),7lre 1 7 Diap alll sltowill ~ a pair of watcr-Jrivcn inwrporating mill s 110L 
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Figure 18 Photograph showing the exterior of the steam powered incorporating mills (13). 

compressed at between 63 and 500 tons for 71 hour 
(Fig. 24). After this period the press cake, as the 
gunpowder was then called, was removed. Deep 
wells were situated outside all the danger buildings 
so that badly burned men could leap into them. 

The press cake was reduced to the required 
sized grains by a series of graduated toothed rollers 

D 

separated by sieving screens, this process being 
called "corning" (Figs. 25 and . 26). Dust was 
removed from the powder by passing it through 
revolving cylindrical reels made of silk (Fig. 27). 
Some powders were glazed with graphite (Figs. 28 
and 29). 

After drying, the powder was then packed into 

/ 
/ 

I"CORPOAATI He ....... ---_ . ---

Figure 19 Diagram o f an incorporating mill 1121. 
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Figure 20 Photograph of the interior of an incorporating 
mill [13]. 

barrels and transported by means of powder barges 
(Fig. 30). Strict precautions were taken with the 
powder barges and no one was allowed to walk 
over a bridge while they passed underneath in case 
grit fell onto the decks. 

This process of gunpowder manufacture was 
carried out at the Royal Gunpowder Factory, Wal· 
tham Abbey until the last of the powder mills was 

Figure 21 Workers in protective clothing starting incor· 
porating mills [131 . 

destroyed by enemy action in 1941. 

BREAKINC DOWN MACHINE. 

H 

H. JI:r,per. B. Endkss Band. R Hd/rrs. 
M Bo~ to TY'A"fb'~ 17U'~I/ 

Fi~/lre 22 Diagra m of Illac hine for breaking down mill ca ke [121. 
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FigUre 23 Photograph of the press house, protective barrier and mens retiring room [13]. 

PRESS 
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A . Hopper Wllh raz.8l.Tl9 arrangwnrnl. 

H. Endless baTtd 
(ecr. FoUF" pairs if rollers 
DDD. Slwrt ~. 

Figure 25 Diagram of a granulating or coming machine [12]. 

In the 19th century there were numerous refer­

ences to charcoal in gunpowder. The common 

types of wood used were alder, willow and 

dogwood but many powders were made from 

other chars such as cocoa powder which was made 

from straw. 

6. Properties of gunpowder 
Blackwood and Bowden [15], investigated factors 

int1uencing the initiation, burning and thermal de­

composition of gunpowder. They showed that 

ignition developed from the formation of local hot 

spots in the gunpOWder. Hot spots were thought to 

EE. Lony S<rrenG 

F. Bar /'<'1" d.ust 

C. &x lin' .rain 

H. iJaJr Ilrr r1ruck 
K. '&u.om b(lard 

be formed by the adiabatic compression on impact 

of pockets of air between the grains or by crushing 

of grit particles. The addition of a high melting 

point grit of comparable size to the gunpowder 

grains increased the sensitivity to impact. 

Gunpowder was found to be insensitive to fric­

tion even when grit was added. Gunpowder was 

also not ignited by a spark . With a pulsed laser 

gunpowder could be ignited but failed to burn . A 

hot wire was the only successful method of 

ignition which had the necessary thermal capacity 

to sustain the heat for long enough to cause the 

gunpowder to burn [15]. 

In their studies of burning, Blackwood and 

Bowden [15] showed the effects of pressure upon 

propagation rate. At atmospheric pressure 

(IOOkPa) the burning front in 2mm sized grains 

of gun'powder propaga"ted ' at approximately 0.6 

m sec-I . At low pressures (20 kPa) the gunpowder 

could be ignited but fail ed to propagate. As th e 

pressure was increased, burning rate and propaga­

tion increased rapidly, such that at 200 kl'a th e 

propagation rate was 7.6111 sec -I . 

Deta iled exa mination of burning gUll powder 

showed that a liquid la ye r wa s formed \Jnthc sur· 

face or t he gunpowder grains and that propagat ion 

wa s caused by rine spra ys of hot molt en s;dt s illl -

Figure 26 Photograph of the cornin)! hou se at Waltham pingi ng lln neighbouring grains. In co;nse-gr;lin 

AbbeY,1890. gllnpowlic'rs the prupagation rat c eXL'l'c d, th e' 
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Figure 27 Diagram of a horizontal du st ing and finishing reel . 1870. 

burning rate a nd grains ahead of the burning front 

are ignited by the molten ·salts. In fine-grain gun· 

powders compression of grains inhibits these 

sprays of molten salts and the propagation and 

burning rates are equal. 

\ 

_.fl~L_ . 

.. 1. rl·/-l"'lllilJll , .,.11('""",.1/ door 1'1 / Cll.f(' 

(' . 71,,/,,.,,,-,, fir l(ladixg . 

Figure :;8 I Jiapa l1l "I" gb l. illg b;trrds 11 2 1. 

3398 

Blackwood and Bowden [15] investiga ted the 

role of charcoal in gunpowder. They mixed char· 

coal with sulphur and with potassium nitrate 

separately and did the same with graphite. The 

burning charcoal mixtures evolved sulphur di· 

1I .• ').rll(m I/IFYII'-Y1, /~/rrd 
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Figure 29 Photograph of glazing barrels, 1890. 

oxide and nitric oxide and nitrogen dioxide, res­
pectively. The graphite mixtures evolved little or 
no gas. 

Blackwood and Bowden [15] believed that 
"oxyhydrocarbons", which they report could be 
extracted from the charcoals using acetone, were 
responsible for these reactions although the exact 
chemistry of these oxyhydrocarbons was not 
given. 

Williams [16] investigated burning and flame-

rigll'-c .i{J 1'1I<""I",,,,,h "I' P"WOC' ha,/.,,· "hieh Ir ;lIlSl'("lL'd 
~llllJl(''' ' d<'r 1',,,,,, \\'" 111t;"" Ahhe y I" \\" Hd\\'il h 1131 . 

Figure 31 Transverse section of alder buckthorn charcoal 
[ 18J. 

spread in gunpowder and confirmed some of 
Blackwood and Bowden's [15] observations that 
flames spread through the porous matrix of the 
grains and that propagation was by jets of molten 
salts and some burning carbon fragments. He con­
firmed the previous results using spark and pulsed 

laser ignition. 
Kirshenbaum [17] investigated the effect of dif­

ferent types 'of carbon on ignition temperatures of 
gunpowder by using charcoal, channel black and 
furnace black. It was claimed that volatile matter 
and ash content did not affect ignition tempera­
ture so perhaps the oxyhydrocarbons are not 
important. With furnace blacks the ignition tem­
perature decreased with increasing surface area. 
With channel blacks and charcoals no similar corre­
lation was found. Although Kirschenbaum [17] 
disagreed with Blackwood and Bowden , who 
believed extractable materials in th e charcoal were 
responsible for the performance in gunpowder, he 
was no t able to suggest an alternative theory. 

7. Recent studies 
Work in the Northern Carbon Resea rch Labora­
tories started in 1979 following the closure of the 
Nobcl's Explosives Company gunpowder plant at 
Ardecr when production of gunpowder was trans-
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Figure 33 Transverse section of beech charcoal (18). 

ferred to a German company. Although the gun­
powder was manufactured using equipment moved 
from Ardeer, expertise had been lost and the 
German gunpowder proved unsatisfactory. As the 
main problem appeared to be the reproducibility 
of the charcoal, the aim of this study was to 
characterize the physical and chemical properties 
of the charcoals and replace them with an easily 
manufactured synthetic material [18]. 

The charcoals, supplied by Ministry of Defence, 
were identified by examining cut specimens using 
scanning electron microscopy. The three types of 
charcoal were identified as hardwoods, being alder 
buckthorn (Frangula alnus) known earlier as "dog­
wood" or "black dogwood", alder (Alnus gultin­
osa) and beech (Fagus sylvatica). Micrographs of 
the three hardwood charcoals are shown in Figs. 
31 to 33. 

Alder buckthorn is used in gunpowder for 
evenly burning fuzes whilst alder is used in most · 
commercial powders and beech is used where pre­
cise burning is not required . Alder buckthorn char­
coal was found to have the lowest . spontaneous 
ignition temperature and highest porosity (as 
measured by mercury porosimetry) of the three 
charcoals and could be the most suitable charcoal 
for gunpowder because of the ease of ignition. The 
evenly distributed porosity of the charcoal Jllay 
promote burning of gunpowder. 
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