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requirement regardless of their locations.
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production, had been carried out. The tropical P &Ny

Plant materials, which were obtained at seven

different locations are teak (tectona grandis), 1.0 INTRODUCTION

cassava (manihot esculentas), bamboo (bambusa

_ _ The fact that charcoal (C) is one of the
SPp). pigeon pea (cajanus cajan) and charcoal

_ _ _ principal ingredients for the production of Jow
lree (trema orientalis). The analyses of variance

_ ) explosives called black powder (BP) is not in
(ANOVA)  carried oyt at  0.05% level of

o doubt. The major problem has been the choice of
significant shows that the charcoal samples of

. _ _ o plants that would vield the right 'C' for the
the five tropical plant materials obtained within

, o _ production of good quality BP. Black powder
the same location were different from each other

) L belongs to the low explosive categories and is a
However, at 0.05%; jevel of significant, there was

o . mixture of charcoal, saltpeter (potassium nitrate)
no - significant  difference between the same

o _ ' and sulphur. The charcoal can be made from
sample at difference locations. Consequently, not

_ ‘ virtually any o rganic m aterial, like wood s traw,
all plant  materials would provide the same

rice husks and bones. For the production of
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charcoal for domestic fuel, wsually the hardwood
species are preferred. These include acac-iu.
mangroves, oak. ckki, dama, afzella, afromesia
and “iroko”  (Bhattarai. 1998) Coconut shells

and crop  residues  are also  been used at

- substantial scale. However, for the production of

fireworks and black powder, specialist charcoals
with specific burning properties such as that
made from willow or grapevine are required

(Cnll, 2002).

Charcoal is cleaner. easier and less
i.‘i';;)ky than other biomass fuels. It can be used n
smaller quantities with cheap bumning devices for
domestic applications. These buming propertics
arc also wseful in black powder production
(Foley, 1986). Commercial charcoal is produced
in kilns by a process called pyrolysis ..
breaking down the chemical structure of w ood
under high temperature in the absence of air
During the process, first the water is driven from
the wood (drying) and then pyrolysis starts when

the temperature in the kiln is high enough.

Industrial ~ applications  of  charcoal
mcluded incense sticks, extraction of calcium
carbonate from limestone and m anufacturing o f
tlack powder, which is the focus of this paper.
Black powder is a form of cxblosivc that 1s low
in explosive strength and isin h igh demand by
dimensional stone quarries. This is because of its

ability to deflagratc  or burmn  instead of

detonatmy. This unique characteristic allows g™

separate a large block of granite, shale. limestome
and marble from the h‘mt rock without causime
damage or cracks after blasting. It therefone
follows that the charcoal 10 be used for black
powder production should be of the right qualiey
physically and  chemically, Opafunso (20038
reported. i his study of selected tropical plams
maternals as sources of charcoal (carbon) for the
production of explosive, that the BP of fresme
orientalts shows  a ereater promise (thas
detonating cord) for use for h!a.\'lin%/f{urpmcs ™
dimcnsinnu} stone  quarries. 'l‘h;-c/ study  alse
revealed that the BP of mamihot escidonse
would do well for usc as gunpowder tor sporting
purposes while that of cajunus cajan would be
an ideal ingredient for the making of Ireworks

and Christmas "bisco" light,

The discovery of black powder has all
along being a subject of controversy. While
some known author traced its discovery 10
China, others traced it o the Middle Fast
According to the New Standard Encyclopedia
(2002). black powder was known in China as
early as the 10" century and probably first used
m Europe in fircarms during the 14" century
The use of black powder in blasting for mining
and construction began in the 17" century. Untul
the middle o f 19" century, w hen Nitrocellulose
(gun cotton) and other explosives were imvented.

black powder was the only practical explosive
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avarlabies Nitrochveerine was invented in 1847
but was too dangerous for practical use. until
Swedish - Chennste mvented

Afred Nobel, a

dunamite in 1886 (Nobel, 1880).
Smee BP had been and is sull being used
as zunpowder and blasting agents, it is necessan

o understand  the role charcoal play m s

production by reviewmyg two current methods of

preparing black powder. The methods are ball
mull method (Bacon (2001 and Precipiiation

method (Opatunso. 2003,
1.1 The Ball Mili Method

(1) Crush raw charcoal with a hammer between
two sheets o Fpaper. Wear o id ¢ lothig and
do this outside. smee 1t s very miessy. Sicve

the charcoal using a coarse sieve (about 30

mesh)

(2y Weigh  the  charcoal. To  every Skeg of
charcoal, add 3.5 ke of sulphur. and 1ill one-
quarter of your ball mill with the mixture.
Put the minture media in and let the mill run
for 3 hours.

(3) When vou open your mill. vou should found

anmeredibly fine black grevish  powder.
Remove. sieve and weigh the powder. Next,
place dkg of potassium nitrate in vour ball
mill and run for 3 hours. You should have a

very fine white greyish powder.

By

() Now mix the charcoal suphur powder with
the potassium nitrate powder. Don't bother 1o
min ot very thoroughly, since  that will

happen i the mill. Spray 2.3 hires of water

over the powder mixture for cvery Ske of
mixture media. Then spread 1t out on a sheet
of paper 1o make sure all of it becomes wet,

Put the wet powder m vour mull and run for 5

hours. Every hour or so. check to sce if the

powder is stull wet. I it dries out completely,
risk accrdental exploston ignition

the of

urcatlvancreases

.4

Sieve the powder 1o get the media out.

spread it out on alarge sheet of paper and let
1t dry 1t possible in the sun. Needless to San
vou shouldn’t heat it order o drv it more

quuckly. just be patient

(6) When dry, sieve the black powder through

sieves of different sizes 1o get several

fractions for ditferent purposcs.
The Precipitation Method

Crush raw charcoal with a hammer betw een
two sheets of paper. Wear old ¢ lothing and
do this outside, since it is very messy. Sieve
the charcoal using a coarse sieve (about 30

mesh).

the charcoal. To cvery Skg of

\\\.it_‘.]l
charcoal, add 3.5kg ef sulphur. and fill one-

quarter of your ball mill with this mixture.



-

NSE TECHNICAL TRANSACTION Vol. 41, No. 2 April = June, 2006 Opafunso & Onyemaobi
I J

Put the mixture/media in and let the mill run into the cold 1sopropyl alcohol. Make sure

for 8 hours. there are no sources of ignition ncarby! Cool

(2) Meanwhile, while the mill is running, place 3 the mixture again to 0°C at the fastest rate
litres isopropyl alcohol in large container for you can. Eheroster the betber.

every 5 kg of charcoal/sulphur mix you have, (7) Stir the mixture for few scconds and filier

and place in a fridge. through a clean white cloth. Squecze to get

(3) When you open your mill vou should find an all the black liquid out and discard.

incredibly fine black/greyish powder. Sieve (8) Spread the black mixture on a sheet of
this to get the mixture/media of the mill out, paper, and dry it in the sun. Don't try to dry =
and weigh it. In a separate container, place 4 inside since it will produce a lot of
kg of potassium nitrate for cvery 4 kg of flammable vapour from the isoprops!
charcoal sulpur powder you have. Put the alcohol. When it is still slightly wet to be
potassium nitrate in an old pan, and add 2 touch, press through a sieve to corn it. Thes
litres tap water for every 5 kg of potassium dry it further.

nitrate.

(9) When dry, sieve the black powder throuss
(4) Place the pan on the stove and bring it to a sieves of different sizes to get severa
boil while continuously stirring. When the fractions for different purposes.
solution starts to boil, add small amounts of

water while stirring all the time until all the

; ; ; It should be noted that the two methods
potassium nitrate has dissolved.

are quite ideal for black powder productios

(5) Add an extra llitre tap water and the However, each have it's own advantages amd

charcoal/sulphur mixture to the boiling disadvantages. Advantage of the ball mill

potsssiim  niate  solution - stiv. the method is that it is less laborious, as you cas

charcoal/sulphur mixture in the solution. simply charge your mill with the ingredi

Make sure thera are no dry clumps lefi turn it on, do something else for a couple &
(6) By now, your isopropyl alcohol should have hours and you are done. It's main disadvantass
cooled to at least 0°C or colder. Take the ~is that it is essential that you have a safe place S
isopropyl alcohol outside, and pour the the milling process.. A place with no buildings

potassium nitrate solution/ charcoal/sulphur people or animal whatsoever in S

74
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neighbourhaod, and you should be able to turn it
on and off remotely. It also makes a lot of noisc.
With the precipitation method. more work s
carried out when you will first mill the charcoal
and sulphur together. This is similar to the ball
mill method where the charcoal and sulphur are
first milled together); but this is followed by
dissolving the potassium nitrate in hot boiling
water which is then mixed with the milled
charcoal/sulphur mixture. The p otassium n itrate
1s then precipitated from the solution by mixing
with ice cold isopropyl alcohol. This is followed
by filtering and drying. This takes a long time.
Also, a good location with no ignition sources is
flammable liquid evolves

required, since a

during production.

World  Book Encyclopedia (2002)

cxplains that black powder was the first

explosive  that we know anything  about.

Theorcetical knowledge shows that it is made up
of potassium nitrate (KNO3), charcoal (C) and
sulphur (S).  Since Potassium Nitrate and
Sulphur are available in the market, and charcoal
1s the third ingredient needed for the production
of black powder, it is desirable to find out if
charcoal from different tree/plants produce the

right "C" for charcoal production.

The objective of the study was to

determine the guality of the charcoal samples of

selected  Nigerian  tropical plant materials

commonly used for black powder production.
This was done through the evaluation of the
physical and chemical characteristics of selected
charcoal samples commonly used as raw
material for the production of black powder

explosive.
2.0 MATERIALS AND METHOD

Samples  of mature tropical  plant

materials  namely:  Teak (tectona . grandis),

cassava, (manihot esculentas), bamboo
(bambusa s pp), pigeon pea (cajanus cajan) and
charcoal tree (trema or:’cnlr.}lfs) were obtained
from seven different locations in Nigeria and
used to produce charcoal samples in a furnace at
400°C. The locations are  Akure, Ado-Ekiti,

Oshogbo, Ibadan, Abeokuta, Kaduna and Asaba.

The moisture content and specific gravity
of the charcoal samples were determined using
American  Society for Testing and Materials
(ASTM) D 143-52, (1999) procedures. The
hardness of the charcoal samples  were
determined using American Society for Testing
and  Materials (ASTM) D2013-72 (1999)
standard method of preparing coal samples for
analysis. The proximate analysis 6f the charcoal
samples was carried out using standard methods
for coal and coke analyses of American Society
for Testing and Materials (ASTM) DI1102-84,
(1999) the volatile

procedures to determine

matter, ash content and the carhbon content of the
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.F ) ) )
: charcoal samples. Figurgs 1 to 6 shows the

moisture content, - spcciﬁiﬁ gravity, hardncss,

volatile matter, ash content and carbon content of
-the charcoal samples from the seven locations.

The data obtained were subjected to analyses of

variance to test whether there is sienificant

difference between the moisture content, specific

o
gravity. hardness, ash content. volatile matter
and carbon content*of charcoal samples at the
seven different locations on one hand and at the

same locations on the other hand.
3.0 RESULTS AND DISCUSSION

Figure 1 shows that the moisture content

of the charcoal samples averages  between
12.91% for munihot ¢ sculemas and 16437, for
lectona grandis. Others are 13.29%,. 1557, and
15.70% for ¢ ajanus ¢ ajan, vrema orientalis and
bambusa spp respectively. The specific eravin
of the analyzed charcoal samples. which are
shown n Figure 2 are: 0.73, 0.79. 0.87.1.08 and
1.19 for tectona grandis, manihor esculentas.
trema orientalis, cajunus cajan and bambusa spp
respectively. Figure 3 shows that the charcoal
samples of tectona grandis and rema orientalis
had the highest hardness of 121 and 111
respectively. Bumbusa spp and cajanus cajan
had hardness value of (.99 cach while the
hardness value of manihor esculentas was 0.97.
Figure 4 gives the volatile matter of the charcoal

sampies 1o be 4.17,4.40. 4.50, 8.30 and 9.50 for

manthor esculentas, trema orgentalis, Celfafines

cajan.. bambisa and tectona erandis

,\‘/J/?
respectively. The ash contents of the charcoul
samples are shown in Figure S with manifus
escudentas and cajanus cayan having the highest
ash content of 29429, and 21,149, respectivels
The ash contents for the others are 19,149
14.0% and 6% for bambusa spp, trema aricnrads
and tectona grandis respectively. The carbon
content of the charcoal samples are shown i
Figure & to be 66.90%. 72 36%,, 74.57%.. 81.70"%
and ST50% for munihor escudentas, bambusa
SPpLCaanys cagan, trema orrentalis and tecrona

grandis respectiv el

Fhe results of the physical and chemical
analvses were subjected 1o analvsis of variance

(ANOVA) tests as ollows:

3.1 Test of Hypothesis (1) - Analvses of
Sariance based on the same Charcoal

Samples at different Locations.

Hypothesis  1:  Testing  whether  there o

significant  difference  between  the  moistune
content. spectfic gravity, hardness. ash contents
volatile matter and carbon content of charcod

samples at the seven different locations.
Null Hypothesis; Hqg: There 1s no sionificas
difference between the same samples at differess

locations.
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Alternative Hypothesis: Hy: There is significant
difference between the same samples at different

locations.

Fable 1 shows the detal result of he

ANOVA from the above test. The results show

that there is no significant difference ar 0.05

level of significant. The decision is that since all
the figures in the last column are greater than
0.05. therefore the null hypothesis s aceepted
and there was no significant difference betw een
the same samples at difference locations. In other
words, the charcoal samples of tremq orientalis,
obtained from seven different locations are not
difterent from cach other in term of chemical and
physical compositions. This
other analvzed  charcoal samples  of manihor
esculentas, bambuse SPPs cajanus cajan and

tremet orientalis

3.2 Test of Hypothesis (2) - Analvses of
Variance based on d ifferent C harcoal

Samples in the same .o cation,

Hypothesis  2: Testing  whether  there s
significant  difference between  the  charcoal

samples based on the moisture content, specific

gravity. hardness, ash content, volatile matter,
and carbon content of the charcoal samples at the

same locations,

Null Hypothesis; Hy: There IS no significant

difference between the charcoal samples within

the same location.

assertion 1s true of

2 April = June, 2006 Opafunso & Onyemaohi

Alternative Hy pothesis: Hy: There is significant

difference hetween the charcoal samples within

the same location.

2 shows the detail result of the

ANOVA from the

Tabhle

above test. The result shows

that. at 0.05 level of significant, there s

significant  difference between  the samples

within the same location. The decision is that

since all the figares in the Jast column are | ess

than 005, therefore, the null hypothesis s

rejected. as there are significant  differences
between the charcoal samples within the same
location. In other words, the charcoal samples of
lectona grandis, maniheo esculentas, bambusa

spp. pigcon cajanus  cajan and  trema

pea,
ortentualls obtained within the same location were
different from each others in term of chemical

and physical compositions.

5.0 CONCLUSION

RECOMMENDATIONS

AND

Charcoal samples  of  five  different

tropical plant materials obtained from seven

locations in Nigeria had been analyzed for their

physical and  chemical compositions.  The

physical  characteristics determined  included

moisture, hardness and specific gravity while the

chemical characteristics analyzed were ash,

volatile matter and carbon contents. The analyses

of variance (ANOVA) carried out on the

obtained data, at 0.059 level of significant.



' NSE TECHNICAL TRANSACTION Vol. 41, No. 2 April - June, 2006 Opafunso & Onyemaohs

shows that the charcoal samples of tecrona experience from the past suggests that the use of

randis,  manihor esculenas, bambusa Spp. charcoal for black owder production and
g I

cajanus cajan and trema  orientalis obtained biomass fuels will not decline and may

within the same location were different from increasing in most countrics. The only exception’

cach  other. However, at 0.05%, level  of may likely be in oil producmg countries I

significant, there was no significant difference Nigenia where people have climbed the *fucl
between  the  same samples at  difference ladder™ because of cheap petroleum produces

locations. Therefore, not all plant materials However, with the deregulation of the petrol

would  provide the same  charcoul (C) sector, the price of the kerosene and [PG will

requirement in the production of black powder soon be out of the reach of the poor, thus sending

while the same plant specic would provide the theni w step back in the fuel ladder.
same type of charcoal (C) requirement regardless promotion - of charcoal for activities [

of their locations. producticn of black powder for blasting purpe

; and as a source of alternative cheap encrev we
Further study should be carried out ' 4 =4
” : o ; ; ensure it's continue relevant in Nieeria.
through the use of charcoal identificd m this - ‘ =

study and from other tropical piant materials for Production and usage of charcoal

the production of black powder. The black other wood fuels are currently not been regulate
powders from such exercise should he ranked all ever the world, mcluding Nigeria, It can

alter field tests. In area of with lone tradition of said to fall  between oreanizational  crach
charcoal use for domestic fuels und industrial Currently, there is a very little co-ordination

applications, its commercial development can be collaboration between Fnergy and Agriculse
romoted.  Anywhere the use of charcoal is Ministries m various countries. This 18
limited; the immediate priori hould be 1o

Calse Energy mimistrics are meor

ensure 1ts sustainable sunpiy 1

Ul elecinticdtion and the stnpiies of PEirose

present fevel of demand.  This can he 4 ved products and Ministry of Forestiy

arauen more u.f:a'e:fr'-; oducti 3 NG e CONCe

oy mtroducing technological 1
as by managing depl

wood supply besid

no mratter how difl
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utiltzation.  Arbitrary  interventions  or  non-

mterventions i the wood fuel sector have

resulted netther in effective regulation nor in the
control of the sector. Currently in Nigeria only
the Nigerian Police regulate the granting of
license for the production and usage of black

powder.
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TABIE 1:

RESULT OF ANOVA TEST TO DETERMINE SIGNIFICANT DIFFERENT

BETWEEN THE SAME SAMPLES AT DIFFERENT 1.LOCATIONS

I)egree of I Mean SquarcT P(cal)

R0

' Soul ce of \ armlmn (SV) ' Sum of Sig.
: | Square (ss) Freedom (ms)
| ;
;‘,U,ILFQ," ) § B Caalmmes ‘ A R e id_i_‘_)_ S Jrf S __; .
T\lmsturt; | Bt.lwu,n 212 L5 i .35 10.120 1 0.99%
" Confent L Group ' ' i
- I Error 82 75 24 | 2.96
R | S R
' Specific Between 34x 104 S 525X 10-5 | 0.001 | 1.00%
Gravity Group | ; ' '
- " twor | 107 | .24 o 382x10-
| | | |, 2
- Hardness Between 1.27 x 10-3 ! 5. g 211x 10 0.021 | 1.00%
|  Group | 4
\, I 3 - . f, i i i i
AL B ' Brror [ 283 24 1.01 x 10-2
-'“: ‘f\"éh Cl‘mtcnt ! Between ‘ 16.00 5 267 0.037 | 1.00*
oy Group K | .
”.;! e Error 2035 24 72.70
\’olati!e Matter | Between 0.16 5 2.66x 10~ | 0.004 | 1.00%
| Group : L 2 ‘
| -
Error 181.01 24! 6.47
‘L ‘ Carbon Between 13.95 5 2.32 0.047 | 1.00*
- Content | Group
i Error 1391.17 24 | 49.69
e There 1s no significant difference at 0.05 level of significant. .
k] ) o |
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TABLE 2: RESULT OF ANOVA TEST TO DETE RMINE SIGNIFICANT DIFFERENCE
BETWEEN THE CHARC OAL SAMPLES WITHIN THE SAME LOCATION

P T I T s ma O T T e
~ Source of Variation (SV) j Sumof Deoreeof Mean of - F(cal) Sig. |
' Squarc (ss) ' Freedom | Square (ms) | ‘
_ @n | |
e = s i ——e i 4_ S S ...},,_._A,.___ ,ﬁ__,,‘____“,___r,,,.__..,, B
' Moisture : Between 1693 4 { 17.33 ' 33.45 L0.00%
- Content | Gmup i |
I_nm ' 15.55 i 25

' Specific | Between | 1,07 | 4 027 1459853 o0+

C Gravity (noup | i |

P h.. SIS e e
Error |7xmz 25 | 5.8 x 10-5 !

|
Hardness i Between

TR e SR . ——— s

B e e S S

3 | i ==
.n.zs |4 | 7.05x 10 2 /85081 1o, 00

!
|

f
|
J
|
|
r
!
—T -
f
“f
g
!
HE
|

25 ;8”’9\105 |

— ].‘ e R f...v,_.__u S I; e

|

'

| } |
| ' Error 74\ m3
?.

{‘ 5(” 97

| t - B
Ash (onlcnt : Between 1 2015.89 | 4 1 423.34 L0.00% |

(;roup o i

|
lJ | Emor | 3571 | 25 119 |

|

J

|
S ; R . S S ,,ﬁ.._,,,‘.{_.L,_,*__gw_._r S
j \olatlle \Iatter ; Between 1 180.70 f 4. | 358 { 2874.7 i ( ({
! (;roup " | !
f i

—— _iﬁ__. s *__&_T____.. e
Error 1 0.47 i 25 f 1.57 x 10-2

o
! |
| |
L

' Carbon | Between 1137215 4 | 343.04
' Content | Group { | .

|
|
|
i l \
S e e o S L SIS SRS

- 1
312.10 ; n,t).r}*

} T T ——— = DR S i Tt [ !
| lr Error 32,97 125 110 ; |
I_A ———e s i__._,ﬁ_ﬁ__,_ I =S T =l - wsmiais _{‘ e |

® There is significant difference at 0. 05 level of significant,
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