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1.0 INTRODUCTION

Explosrve is a weapon desrgn 10; release enormous amounts or quantrtres o'f energy by_i
expand'rng suddenly producmg heat and large changes in pressure Explosrves could be produced

chenucally or locally depending on the type’of mater1als to be used durmg the process

Explosrves are classrﬁed into two major classes. These are low (local) explosrves such as
black powder flash powder * etc. and hrgh (chemical) explosives such as nrtroglycerm,

tnnrtrotoluene (TNT) etc. Others include sub hrgh explosives such as primary; secondary. and

&

tertiary. exploswes. In this research, emphasrs wrll be based on the development of black powder

. explosive.

Black powder is a pyrotechnrc cbmposrtron, an explosrve mrxture of potassrum mtrate,

charcoal and sulfur that burns raprdly producmg volumes of hot sohds and gases which can be

S

used as a- ropellant in firearms and ﬁreworks The or1g1n of black powder is obscure and dates

‘ back to Very remote trme It was not untrl the invention of ﬁrearms that the manufacture and uses .

i

:’owder 1eally began to develop smce its mvent10n black powder has been employed 1n

us’ engmeermg operatrons such as mining, road burldmg dam burldmg and land
|

1mprovement among others (Urbans“kr T, 1967).

B
The decomposition rate of black powder is 80 slow and consequently has low br'rsance :
xplosrve that 1s rt produces 2 subsonrc deflagratron wave rather than a

ve produced by hrgh explosives. The gases produced by burnrng black

powder generate enough pressure to propel a bullet but not enough to destroy the barrel of a

ﬁrearm This property of a black P wder makes it to be produced usmg locally sourced materrals

"(Browri,or»1998).j T k; e

¥
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1.1 Aim and Objective .

The aim of this research work is to develop an improved and
I

composition using locally sourced materials. f}t}
. 3 .

E il

Speciﬁcaﬂ}y, the objeotive is to 'mve,s?tigate black powder explosive which involves th(jc{‘

mixture of an oxidizer and fuel. : 4

v

1.2 Appfoach ¢

The approach to meeting this requirement ifr?lvolves the followings

o
&

[P ‘Develop a black powder explosivegﬁging local materials.

2. b Charocterize- the black powder expléfsive devéloped. ' .\
3. Determine the burning rate of tho? g;veloped black powder explosive. |
4: . Testing the performance efﬁc%engéy of the black powder explosives developed.

1.3 Just'ilficatti}' n;‘ ‘ | ' *

Tho development of black powder explosive using Jocally sourced material is in line with

<
i

1 local use:as a source ofincome and to maximize the security system as well as

h,
T,

improving the standard of living of this na‘g“ion.

g ' -
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CHAPTERTWO f

o

o

2.0 LITERATURE REVIEW

P

?ﬁak&wy?%afﬁﬁggﬁ““ﬂa

“pc?

2.1  Explosive

An explosive is any chemical or b1olog}ba1 mixture that is commonly used or intende;d for

B

!};ﬁ ¢

the purpose of producing an explosion and Wthh contain any oxidizing and combustive umts or
t,,%

other ingredients in such proportions, quantities 0 ®1 paekmg that an ignition by fire or by fricfion

e

of any?‘part! of the eompound or mixture may scause ‘such a sudden generation of highly heatéd

ks
%
2

gases’ that the resultants gaseous pressure are capable of producmg destructwe effects of

contiguous objects or destroymg life or limb; (Kelly J,2004).
§

‘@m‘ﬁ‘w

2.1.1  Types of explosives

Sy

o

There are a wide exploswes class1ﬁeat1ons or types They include primary explosives,

u

low exploswes, high exploswes and blastmg agents. Primary exploswes include lead aztde; lead |

s_tilphat ";nd mercury fulminate. They are very sens1t1ve to the heat of fuses hence are good

detonators Low exploswes are usuall‘“gnuxtule of.¢ combustlble substances and an oxidant that
) g" |
decomposes rapldly (deﬂagratlon) Chmmon ones are black power and flash powder which are

|
;}xprepared 1ocally H1gh exploswes mclude mtroglycerm trm1trotoluene (TNT) and acetone

peromde all of wh1c _prepared chermcally and undergo detonation at rate of 100m/s to

d in mining, {demolition and military war heads. Finally, blastmgo

i

» i
agents which mcludes ammonium mtrate + fuel oils (ANFO), dynamite and are all used for

9000m/s They are,

; excavating and mining (Buchananf 006)

ﬂ,«

For the purpose of this research work emphas1s will be based on low (1oea1) explosives.

%%

Zal

i1 P
2 . S\

I3

2,12 Lo‘ﬁeal explosives

Local explosives are usually mixture combustlble substances and an oxidant that

"«;

deoompo‘ses rapidly (deﬂagratlon) unlike most high explosives which are compounds Low
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explosives are normally employed as propellants, Included in this group are black powders and

/

flash powders. -

i

Under normal conditions, low explosn’/es undergo deflagration at rates that vary from few

‘“w*

cn/s to approx1mately 400m/s However, I, it is possible for them to deﬂagrate very qulckly

ittt

producing an effect sumlar to a detona‘uon but not an actual detonatlon ThlS usually occurs
‘ : \, : ;

when ignited in a confined space (Buchanan 2006)

R

For the purpose of this project, | thef’ research will be based on the development’ of

Py,
Y

black powder explosiifes using locally sourced? materials. ‘ :

22 Black Powder Explosive

Black powder, originally invented ifl;?China, is a pyrotechnic composition an explosive
mixture that burns rapidly producing vol:idrrles of hot gases which can be used as propellant in
firearms and fireworks. Black powder is %lso known as gunpowder. The military mainly used it
for the bullet shells .and propellants, theﬂ;;opellants and other drivers for the energy, ammunitlon
is.an impor’tant{oomponent. The development of modern black powdermis from the black powder

EERR o

in aﬁcient"chiﬁa. During the 12" and 13® century, black powder was first invented in Arab

countries and then spread to Greece aﬁ'd Europe and the rest of the world. The earliest record of

: i :
the application of:black powder explSsive and firearms in the United States are in the mid 14"

century.-

Ty
%

Black powde e divided into; point black powder, propellants, and solid propellants.
. X
led into guns uéed propellant, artillery used propellant. There are also

it
solid propellant for 1ockets and mlssrles Accordmg to the external combust1on characteristics,

These propellants

black powder can be divided into srﬁokeless and smoke black powder etc.

¥
.?

The modem black powder or1g1nated in 1771.a Brmsh named P Wolf used synthe31s of

5
5

picric acid, whrch is a yellow crystal (1n1t1ally used as yellow dye), and it was late discovered

that it has the function of the explosion . In 1779 British'chemist E. Howard invented the

e, -

mercury fulminate as a propellant. Double base powder, detonators, TNT gave a real sense of the

&,

' military revolution (Urbanski T, 1967).




2.2.1 Standard for black powder explosives .~

v

The current standard for black powder explosives developed by pyrotechnicians is 75%

;,

lorates or per chlorates) 15% soft wood charcoal apd

potassium nitrate (without chlorites, ch

10% sulfur (wrthout acrdrty traces) The burn rate of black powder explosrves can be changed by J

‘7 cormng Cormng 1s a fine black powder meal 1nto blocks wrth

process whlch first compresses the

a ﬁxed density (l 7g/ cm). The equation for thetcombustron of black powder is . A

L KsS + N, + 3C0;

2KNO; + S+3C
\ ]

ot

A more accurate, but still simplified equation is ;

B

)

> 21@(:03 4 3K,804 + 6C0; + 5No

LOKNO; +3S +8C

The product of burning does not follow any simple equation. One study result showed

that 1t produced (in ordel of descendmg quant1t1es) 55 91% solid products potassium

i
.w‘

carbonate , potassium sulfate , potassrum sulﬁde sulfur potassium nitrate , potassrum throcynate,-

carbon, ammomum carbonate 42, 98% gaseous products Carbon droxrde, _mtrogen carbon

”,‘

monoxide, hydrogen sulﬁde hydrogen methane 1.11% water (Urbanski T, 1967)

2.2.2 Explosive properties of black po‘vyder

From a comprehensrve analysrs of black powder the heat of explosron and gas volume

naturally depend on the composrtron of the powder. The heat of explosron is 735kcal/kg at a

eat of explosion is 740kcal/kg. The gas Volume'Vo-

moisture content of 0 In dry powder h

1«

] 2800m and the temperature of explosron t is 23 80 C. The---

is 28a01/kg, the specific pr ssure fi

of 1.50 — 1. 80 dependmg on the

speciﬁc gravity of black powder may vary witjin the limits

intendediuse. Its apparent density is 0.900" 3 .0.980.

Black powder explosive .is hrghly ~sensrtrve to impact and friction. Tt explodes when

stroked by a2.0kg werght falling from 70 - lOOcm Its 1gn1tron temperature is 300 C. A sack full

with black powder takes fire when penetrated by a riffle short The rate of burning of black of -

. B

black ’powder at atmospheric pressure is much greater than that of smokeless powder But the

rate and mode of burning at a pressure higher"than atmospheric depends on its compression

o,
iy,




pressure. Grains of black powder explosive do not burn by parallel layers but all over the mass of

charge, if their density 1s Jower than 1. 75gcm Above this density, they burmn by parallel layers

and the burning time then depends on the gram size. Black powder explosive with a density of

1.80 gem” shows a rate of burning of about 10cm/sec at @ pressure of l660kg/em2 while

nitrocellulose or mtroglycerme smokeless powder has arate of burning of 15.0 =30.0 cm/sec A

'P

umswlth a rate of 0. 4cm/sec The ﬂame is propagated

J

along the line of grams at the rate of 60cm/ sec at atmosphemc pressure (Urbanskl T, 1967)

single gram of black powder explos1ve b

S

2.2.3 Advantages of black powder exploswl\”\ge:
. | :

1. Black powder explosives are used, m blasting monumental stones like granite and

marble. \’

. 2. They are used to make fire worksl?by mixing with other subsranees that produces the

E
.

desired color.

3. They are well suited for blanlz rounds, signal flares, burst charges and rescue line

launches.
2.2.4 Disadvantages of black powder;fexplosive:

1. Black powder explosrves has relatlvely low density.

%,

2 Combustlon converts less than half of blaok powder to gas while the rest ends up as a

thickilayer of soot inside the barrel. .
i}\,

3. The residue ft urnt black po“\w{der'is hygroscopic and an anhydrous caustic substances
\_ (Buchanan, 2006). .
gt

2.3 Compositi(m of the Materials

Black powder explosive is a m1xture that supports rapid combustion. Its composition

has shghtly varied over the century and can be made using different proportrons of the

—ingredierlt_s; The different blends affect the speed and how completely the mixtire burns. The °

Jocal materials or mgredlents for black powder are potassrum nitrate (also known as salt peter),

provide fuel for the reactlon which burn slowly

*

oharc‘oal and sulfur. The charcoal and sulfur

P

an oxidéwhieh provides oxygen and greatly speedup the burn

while potassium nitrate serves as



w

rate for fuel resulting in an explosive reaction.. T he local ratio for the materials is 15: 3:2~;‘of

-

pofassium nitrate, charcoal and sulfur respgcfively by weight and not by volume (Urbanski T,

1967).

2.4  Potassium Nitrate (KNOj3)

[

Potassium nitrate is a chemical sﬁbstance with chemical formula KNO;. A naturally

occurring mineral source of nitrogen, KNO; Constitutes a critical oxidizing components of black

powder. In the past, it was also used for sévéi}al kinds of burning fuses, including slow magches
{W&x ﬁi
(BGAI, 2007). Since potassium nitrate readiﬁi precipitates, urine was a significant source
A 5

F

o

¢
thtough various malodorous means form thqdlg © middle ages and early modern era through tﬁg

19™ century.

4
¥
¢
ki
¥ '

Potassium nitrate is an oxidizer. The chemical formula KNO3 shows that there is quite a

Y

bit of okygen stored up in each molec&ﬁ?e. This is important for black powder because‘ to burn

rapidly requires an immediate source of oxygen, Most fires have to draw their oxygen from the

air around them so only the outer surv;fgce burns well, an can éhly burn as qliickly aé fresh oxygen

can diffuse through thé flame. With;‘an internal oxXygen soﬁrce,_combustion goes slowly. By

hav'ing,,,, an oxygen source mixed in V\:lth the fuel, combustion is rapid and complete (if the

prL@Prﬁons are correc“t). It can also B"é;fnotice that if sugar is used in place of charcoal, a purple

hue may be “observed from the black poWder flame. This. is because of the potassium ions from
¥ "oy,

‘the KNO; . The elecxtro“n\s' n pdtassium“e{mit a purple light which contrast with the typical orange

flame associated with C: 1?011 (BGIA, 2067).
. \ " : LS ‘ ’:7:’,3

¥

v , wd
2.4.1 Manufacture of potassium nitfztte (KNOs3)

Potassium nitrate is obtainable from natural deposits in hot countries e.g. Egypt, Mexico,
India etc. 1t occurs as result of the microEiological oxidation of organic nitro compound and of
the reaction of the product with the alkaline component of the soil. Such salt peter can be used to

develop black powder explosive after being refined by crystallization. Potassium nitrate can also

be obtained as a result of microbiological process followed by reaction with potassium carbonate

%

(Urbanski T, 1967).

%
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2.4.2 Applications of potassium nitrate

;

Potassium nitrate is used as an oxidj?zing component in the development of black powder
explosives. It’s used as fertilizer, in amateur rocket propellant. . : £

;

2.5 Charcoal

s,

Charcoal is the blackish residue cons}is;ting of impure carbon obtained by removing water

and other volatile constituents from animalj}and vegetation substances. Charcoal is usually
prepared by the destructive distillation of‘***lgardwood, animal bones, coconut and Sugar

S

respectively. The process in which the material is distilled in the absent of air is called pyrolysis

Y

ary fuel-that part that actually burns prddﬁc}in’g the®

[

(Stephen A. A, 1998). The charcoal is the pﬁ‘"’"’

traditional carbondixiode and water of combustion reaction.

o

2.5.1 Types of Charcoal

There are three major types of ‘éharco'al. These are lump charcoal, briquette charcoal and

extruded charcoals.

Lump’ :bharcoals, are made difectly from hard wood material and usuélly produces far

less ash than briqﬁettes. %

T
4

Briquette charcoals are made by compressing charcoal, typically made from sawdust and

other woad by products, with a binder and other additives. The binder is valley starch. Some

Y,

briquettes may also rown coal (heat source), mineral carbon (heat source), agent, raw

sawdust (ignition aid), lime stone (ash — ‘\;i{l;litening agent) raw sawdust (ignition aid) and other

additives like paraffin or petroleum solvents to aid in ignition. -

"%
%

Extruded charcoal is made by éxﬁ‘ﬁding either raw ground wood or carbonized wood

5

to Jogs without the used of a binder, the heat and pressure of the extruding process hold the
charcoal together, If the extrusion is made from raw wood material, the extruded logs are then

subsequently carbonized (Chris Pearson, 1944). |

»
<

g
VM"‘,

e




2.5.2 Properties and uses of charcoal

1. The charcoal is used in the developnient of black powder by providing fuel for the
reaction in the form of carbon ©). -
2. The large porous surface has the 'p’roper’ty of absorbing gases and the charcoal are used

in the gas masks to adsorb p01sonous gases in the air.

"y

3. The also absorb coloring material and annnal charcoals are used in absorbing the brown
coloring matter from brown sugar.which is then turned white.

4. »Charcoal are very good as fuels.

5. Charcoal are sometimes used to power cornmer01a1 road vehicles usually buses in

countries where oil 1s scarce or completely unavallable (Stephen A. A, 1998)

\

B

753 Manufacture of charcoal

It is very important to select a suitabie type of wood for the manufacture of black powder
explosives. This must be soft but not resrnous before carbonization; the wood must be debarked.
and cut into pieces The material to be carbonized is placed into sheet iron retorts, 1m in

diameter and 1 5 — 3m long, one end of which is closed with an air tight 1id and the other fitted

?

“with an off take for the gaseous products of distillation. These products are usually burnt since it

%

is not worth while recovering them. ‘”T:he combustion of carbon monoxide (CO) is particularly
important other wise it may porson the atmosphere. The carbonization last for 3 — 8hr depending
on the construction of the furnace and retorts. temperature and the. type of material to be

carbonizes. The ch

A

the color, temperature and percentage coreitent of different types of charcoal are shown in the

% removed from the retort when it cools (hot charCoal easily ignites)

%
%

table 2.5.3 below.
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Table 2.1: Types of Charcoal and Their Temperature of Carbonization

ik

Charcoal Colour Temperature of carbonization (°C) Content of Charcoal (%)
Extruded  Cocoa (red) 140175 | 52-54
Briquettes ~ Brown 7“‘2\80 - 350 | 70 - 75
Lump Black 350 - 450 o 80 - 85

2.6 Sulfur ;

Sulfur is the chemical element that has the atomic number 16. It is denoted with the
symbol S. it is abundant multivalent non Tﬁletal sulfur, in its native form is yellow crystalline

solid. In nature, it can be found as the pﬁre element and as sulfide and sulfate minerals. It’s an

essential element for life and is found in two amino acids, cysteine and methione.

“
y

Sulfur works primarily as a stabiiity agent during the development of smell and teary eyes -

that go along with black pbwder. The reésonfor this is because its gives off sulfur dioxide (SOy)

%
3

gas which is toxic, mainly because it forms a strong acid (sulfurs acid) when it mix’s with water
that keep your eyes, throat and lungs, moist. Sulfur is not actually necessary in the mixture.

Leaving it out still provides a mixture that burns rapidly, but it tends to sputter a bit more

(Zhang, 1986). o b

2.6.1 Extraction o

Sulfur can be extracted from crude oil, fresh process and from the surface. For the

\ 4
. 3

purpose of manufacturi/ng blacknf;owder, the sulfur to be used should be of highest purity refined
by distillation. Crude sulfur (which usually contains 2 — 5% of impurities) is distilled from retorts
heated to a temperature of 400°C. The receiver should be maintained at a temperature above
115°C (120 — 130°C), i.e. | Above the melting point of sulfur (114 - 115°C). Under thése
conditions, the distillate condenses to a liquid which is then cast into sticks or blocks. This is the

only form of sulfur suitable for the manufacture of black powder explosives (Urbanski T, 1967).

10




v ﬁu

. Crude oil” gases. mclude mainly hydrogen sulﬁde (H2S), Carbon droxrde (COz) and
methane (CH4) The gaseous mrxture is passed through an alkaline solutlon As hydrogen sulﬁde:

.and carbon droxrde are acidic gases they are absorbed by the alkalme solutron and can be

4

regenerated by heatmg the solutron The hydrogen sulfide produced is later oxrdrzed to sulfur by :

air. The equation for the reactlon is as follow

. ’r
4,

2HiS@+ 02 ——» 28 +2H;0( (Stephen A. A, 1998 and Urbanski T, 1967).

2.6.2  Characteristics and uses of sulfur -
? At'room temperature, sulfur is a soft br1ght yellow solid. Elemental sulfur has only' a :

“faint odour, srmllar to that of matches Sulfur burns w1th a blue flame that emlts sulfur d10x1des }:“‘ '

fnotable for 1ts pecullar suffocatmg odour Sulfur is msoluble in water but soluble m carbon
disulﬁde and to a lesser extent in other Dn'on-polar organic solvents' such as benaene‘ and toluene',.:.}? |
‘Common oxidation states of sulfur inc\‘lude -2,+2,+4 and +6; 'Sulfur forms stable compounds with
all elements except the noble gases. Sulfur‘in the solid state ordinarily exists as cyclic crown-

(s

shaped Sg r_noleculeys (Stephen A. A, 1998 ).

af

A noteworthy property of sulfur is that its v1scos1ty in 1ts molten state unhke most other

llqulds 1nereases above temperatures' f 2OOOC due to the formatron of polymers The molteni'lﬂﬁ.v‘w_'

sulfur assumes a dark red colour above thrs temperature At h1gher temperatures however the G

e 4 .

S

v1scosrty is decreased as depolymerrzatlon oceurs.

es of sulfur is in the development of black powder explosives where it

lowers the temperatures ‘of ignition and helps increase the speed of combustion. It’s also used

s

directly‘ in the vulcanizations of rubber, where polysulﬁde crosslink organic polymers. Sulfur -

reacts directly with methane (CHy) to give carbon disulfide which is used in manufacturing of

cellophone and rayon (Wolfgang, 2006).

27 Pyrotechnic Composition

.

Pyrotechmc compos1t10n isa substance or mlxture of substance desrgned to produce an

<

effect by heat l1ght sound gas or smoke ora combmatrons. Pyrotechmc substances do not rely

[

11
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e

on oxygen from external sources to sustain the reaction and include black powder flash powder,

gas generations smoke compositions colored: fireworks compositions and solid propellants.

Some pyrotechnlc composrtron are used in 1ndustry and aerospace for generatron of large A

volumes of gasin gas generators (e g 1n air bags) in pyrotechmc fasteners, and 1n other smrlar(‘*iﬂ

,_applrcatrons They are also used in m111tary pyrotechnlcs when productlon of large amount of

'norse hght or 1nf1ared radratlon is requlred e. g mrssrle decoy ﬂares Presently a new class of

reactrve material composrtlons is now under »1nvest1gat10n by mllltary (Kelly J 2004)

ey

Pyrotechmc composmons are usually ;homogenrzed mlxtures of small part1cles of fuel'«
vand ox1drzers The partlcles can be grams or ﬂakes Generally, the. hrgher the surface area of the A
particles, the higher the reaction rate and burning speed for some purpose brnders are used to

turn the powder into a solid material (Kelly I, 2004).
2.8 ‘Burning Rate of Black Powder Explosive

For a long time attempts have been made to explain why three non—explosrve substances :

- viz; potassrurn nitrate, charcoal and sulfur when comblned together should form an exploswe _,‘~

.
? l

mixture. It was partlculate 1ncompressrb1e that b1nary mrxtures of potassrum mtrate wrth charcoal :
or with sulfur should be non —explosrve or only poorly SO the problem was. that 1ts more drfﬁcult";fj
to eluc1date since it 1nvolves a reaction in the sohd phase It was therefore reported that in the'

bore of a gun barrel powder decomposes accordrng to the equation.

KaSN#3C0,

. If the powder burns in the open potassrum sulfide is oxidized to sulfate when black powder burns

slowly the products apart from carbon mclude components as potassrum sulﬁde sulﬁde

| carbonate, cyanide, nitrate and nitrite (Urbanski T, 1967).

'The burmng rate of black powder depends on the srze of the partlcle Flned gramed

,r,,w. s

partlcles burn faster than gralns of larger srzes Wthh burn slowly It was founded by Gay Lussac s

¥

,‘that the gases were composed of 52 6% COz, O% fele) and 42. 4% N2 by volume when the,'f‘,f

denszty ef the pewder yae @ 9 being 459 nmea ttw velumae ef rhe mxnlmwe, ‘;.?;




xial

disagreed with these result finding a much lower value for the gas volume which he asserted was
250 times the volume of the charge. Hence the burning rate can be determined by dividing the

volume of black powder by the time it takes to burn completely.

{

2.9  Testing of Black Powder Explosive Developed.

o
)
i
\

In order to test the-burn rate of "blr'ack powder explosive developed, the following are

required )

1-a stopwatch '

2-acan

3- matches

i

‘From the magic of the metric’,s'glstem, Iml = lem?®. Cans are usually marked with the

vélume in ml [the average can is 340ml]. If cans are not marked, the volume of the black powder

¥

can be measured and poured into the can. The entire can may not be necessary as that will be a

&

IS

waste, . therefore, half size of the can be used. Or, a full size can be cut using a pair of metal

shears and calculate the volume of the can. The volume can be E:alculated using the formula

V=h/

The height and diameter of the can be measured in -centimeters, not inches or.miles. This can

then be filled to the,mbilr‘im with the powder do not cover the can. Insert a fuse or simple insert a

match into the can, Wi

1
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explosive are as shown in table 3.1 and 3.2 below

The major materials and equipments for the development of black powder

Wk

¥

Table 3.1: Materials for The Development of Black Powder Explosive

Materials Sources Comment
Potassium Nitrate Kar}o'ﬁéad, Kaduna State ‘ Laboratory reagent grade
Charcoal Milma
Sulfur ‘. |

Laboratory reagent grade
Kano Road, Kaduna State
Distilled Water

Laboratory reagent grade

Water Quality Laboratory, Minna

Analytical reagent grade

14




Table 3.2 Equipments for The Developmént of Black Powder Explosive v

| Equipment ‘ : Sources Comment

Mortar and Pestle - Chemical Labbratory, FUT Minna

3

Weighing Balance Chemical Laboratory, FUT Minna CT

Measuring Cylinder Chemical Labofa§01'y, FUT Minna Pyrex (25ml)

Stop Watch . Chemical Laboratory, FUT Minna ~ Second

B

&

Tray Drier : Chemical Laboratory, FUT Minna

Beaker ‘ Chemical Laboratory, FUT Minna Pyrex (250ml) -

Mixer (Mamial) Minna central Market - Emmex
Sieve Water @uality Laboratory, Minna 2mm Mesh size

Can o Minna éentral Market 250mi

2

pulverized using mortar and pestle into small particles.

225g, 45g and 30gcof potassium nitrate, charcoal and sulfur were measured

respectively. The potassium- nitrate and sulfur were then mixed together properly in a

beaker using the mixer (manual). The measured charcoal was also mixed with the content

of the beaker.




The resultant mixture was then sieved using 2.0mm mesh size sieve to obtain the

fined particles while the coast particles were re-crushed and re-sieved to obtain the most

.- fine powder particle size. The resultant product w‘as" placed on the tray and sundried for 48

hours to ensuie complete moisture removal (Urbanski T, 1967). .

3
o

.33 Charac.ter‘iz'atiion‘of Black Powder Ei‘i‘plorsiire

R - Ca i S o S el e o : .

. pbwdef,: ) explos1ve developed f‘inVoIves the -

%

»‘ The,iv'chakraeteriz‘etion' of bldck’

- determination of some peir‘dmetergeonteined in the blackpowder "ei;pvlosiye‘ which include |

- particle sizing, pore Volui_iie; moisture content, density, relative density and biirning rate.

3.3.1 Particle sizing:

The smaller the particle size, the bigger the porosity and the higher"the porosity,
the higher the pore volume. The 'gianules are usually most effective with the size of
granular explosive in order to: provide eno'ugh pressure. Changes in particle sizing

distribution can affect the pressure drop. -

3.3.2 Determihation of moisture

This helps determine  the moisture - content ioif the ”'blfcick fpyoivder explosive
d,eveloped‘. The moisture content is often required to deﬁrie and express its properties in

relation to the net weight of the biack powder explos_ive. )

tiie moisture content of black powder explosive, the beaker was

\well cleaned, dried and Weighed empty. It was then filled'with black powder sample before
' # ‘

sun drying and weighed. The blaekipowder sample was then sun dried for three hours and

re-weighed. The moisture content was determined using the expression below

+




Where
MC = Moisture eontent %), wl' = ‘W.eight "of empty beaker (9) w2 = Weight of beaker +
sarnple before sun dryrng (g) W3 F Welght of beaker + sample after sun dryrng (g) i

: (ASTM 1987)
3.3.3 Determination of density

Density i is defined as the mass per unit volume of the materlal or substance The

‘S I un1t of den31ty is kgm but in laboratory work the smaller unrt of gcm may be found ni

oy

necessary. The den51ty of a substance is also deﬁned as the product of the rela‘uve den51ty v

is the most common hquld and consrdered to be 1. Ogcm (Anyakoha M W: 2006)

{

334 Determinati’on of rrelatiy’e density

Relatrve densrty is the mass (or werght) of a substance per mass or werght of

equal volume of water. Mass of- volume of water 1s chosen in thls definition because water

i

B

is the rnost‘common liquid. Hen‘ce, relative density has no unit. It can also be defined as

‘the ratio of the densityof a substf’ance‘to the density of water.

To determrne the relat1ve densrty of black powder explosrve the relatlve dens1ty’-

bottle was ﬁrst cleaned drred and welghed empty It was then re Welghed when 25 Ocm of
7 ,

the black powder’ ample was poured The relatlve den51ty bottle contalmng the sample '

k' was thenﬁﬁlled ,.water and re werghed Frnally, the relatrve densrty bottle was empt1ed

and clea ted of any sample partrcle and ﬁlled with water alone. The welght of water was ‘

{

_obtained and the relative density was calculated using th'e expression:




R (M, — M)
p= (m —My) — (Mg — M)

Where

B

3

Rp = Relative density, M; = Mass of em};ty bottle (g), M, = Mass of bottle + black powder
sample (g), M; = Mass of bottle + black powder sample + water (g), My = Mass of bottle +

water (g) (Anyakoha M. W, 2006).

“x

3.3.5 Determination of burning rate

i

The bunﬁng fate of black i)owder explosive was determined by measuring 50cm’
of the sample into a can. A match stick was inserted with the head just under the surface of
the powdér and lighted to start burning. The time at which the powder burnt completely

was noted and,used to calculate thé burning rate using the expression

Br = Burning rate ' w’s™), = Volume of black powder

sample used (cm’ ), T ="Time of burhing (s) (Ubanski T, 1967).
3.6 Testing of the Perforﬁmnce Efficiency of the Black Powder Explosive

_The performance efﬁciellcy of the black powder explosive developed was tested
using a local gun. This S’ one by measuring 10.0cm’ of the sample in to the gun barrel
covered with the cap. The trlgger of the gun was pulled and released and explosion

occurred immediately.




coconut shell

The result for the cllaracterizati011 of black powder explosive using charcoal

£
i .

obtained from coconut shell is shown in the table below

Table 4.1 Characterization of Black Powder Explosive Using Charcoal from Coconut Shell

IETEEY

Parameters Values

Moisturé Content (MC) 0.8547 %

1.71

Relative Density ( Rp )

Burning Rate (Bgr) 8.3333cm’/sec

Heat of Reaction (Qg) 739.0641 + 15kcal/kg
Density (psr) 1.71gem’m

£p) 1567.7778N/m>




4.1.2 Characterization of black powder explosive using charcoal obtained from

cassava stem

The result for the characterization of black powder explosive using charcoal

obtained from cassava stem is shown in the table below

Table 4.2 Characterization of Black Powdeg Explosive Using Charcoal from Cassava Stem

3

Parameters ¢ Values

Moisture Coﬁtent (MC) 0.8264 %

Relative Density ( Rp ) ' 1.76

.Burning Rate (Bg) ) 6.250c1n3/sec

Heat of Reaction ( Qg ) 714.5929 + 15kcal/kg
¢

Density .+ (pap) 7 1.76gem’m

Pressure (p) 1623.1111N/m?

4.2 Discussion of Results

This research. is focused on the characterization and testing of black powder

explosive develope: “from locally sourced materials. The characterization was carried out

base on the determination of parametets such as moisture content, relative density, density,

.

burning rate, heat of reaction and compared with the standard values.

From the characterization carried out, the moisture contents for black powder
developed using bharqoal obtained from coconut shell and cassava wood are 0.8547% and
0.8264% respectively as against the standard of 0.85%. The relative densities were 1.7087

and 1.7604 respecﬁ_v_ely as against the standard of range of 1.50 to 1.80.The densities are

20




reactions are 739.0641 + 15kcal/kg at a pressure of 1567.7778Pa and 714.5929 =+

15kcal/kg at pressure of 1623.1111Pa against the standard of 735 + 15kcal/kg.

The differences in the moisture contents, relative densities, and densities compare
to the standard values (stated in the literature review) are as a result of excess quantity of

the black powder sample measufed,;. present of impurities in the sample and the effect of air

-

on the weighing balance. Though, the differences in the result obtained are negligible

compare to the standard values.

The difference in the value of the burning rates is due to excess oxygen during the

burning process because despite the \oxygen content in the black powder explosive, more

oxygen is absorbed from the surrounding air hence affect the burning rates.

The performance efficiency which was tested successfully implies that the black

powder explosive developed can be used for military and other purposes as listed in the ‘

literature review,




CHAPTER FIVE
5.0 CONCLUSION AND RECOMMENDATION

5.1 Conclusion )

The chafa(:terization of black powder explosive developed from locally sourced

materials was carried out Succbevssfully. The differences found in the respective

characterizations compare to the si%ndard values are negligible and the performarice

efficiency of the developed black powder explosive was satisfactory. Hence the aim of the

research project was achieved.

5.2 Recommendations

From the various results of the characterization carried out on the developed black

powder explosive, it is therefore recommended that

i. The use of black powder explosive in the various ways as lisfced in the literature review

should be encouraged. | | SR | C ,

¥
)

ii. More research work should be carry out on the use of modern raw materials for the

preparation of black powder eXplosive so as to compare it is performance efficiency with

that developed from locally sourced materials.




APPENDIX
Constant: Density pf water = 1.0 gem”

» Characterization of black pdeef explosive developed using charcoal obtained from

coconut shell.

3

(1) Determination of moisture content

Weight of empty beaker (Wy) = 90.4ng

Weight of beaker + black powder sample before sun drying (W) = 160.60g

Weight of beaker + black powder sample after sun drying (W3) = 160.0g

_ (160.0 — 906.40) — (160
- (160.0 —90.40)

+100% = 0.8547%

%

Mass of empty relative density bottle (M1) = 6.50g
Mass of bottle + black powder sample (M3) = 24.10g

Mass of b‘dt?tle + black powder sample = water"(M3) =39.60g

© (24.10— 6.50) 17.60
R, = ‘ 10-650) 17«
(32.30- 6.50) — (39.60—24.10)  10.3

=1.708

(3) Determination of density = p = 1.7087 = 1.0 = 1.7087 gem®

(4) Determination of Burning rate

. Volume,of black powder (Vgp) = 50cm’




Time for complete burning of black powder (Tap)

30.0 U
Bp = i '8.3333””3/ Sec

cassava stem

(1) Determination of moisture content

“Weight of empty beaker (Wp) = 90.4Qg

Weight of beaker + black powder sample before sun drying (W2) = 138.80g

Weight of beaker + black powder sample after sun drying (W3) = 138.40¢g

¥
%

_ (138.80—90.40)— (13840 - 90.40) _ (48.40 —48.0
| (48.40)

.
(2) Determination of relative dénsity

Mass of empty relétive density, bottle (M) =6.50g

Mass of bottle -+ black powder sample (My) = 23.40g

Mass of bét,tle + black powder sample = water (M3) = 39.60g

Mas of bottle + water (M) = 32.30g

R o= (23.4 B
7~ (32.30— 6.50) — (39.60 —~23.10)  9.60

(3) Determination of density = p = 1.7604 1.0 = 1.7 604gcm®

- (4) Determination of Burning rate
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