What is Explosive

Explosive 1s a chemical mixtures consisting of two or more
compounds. Explosive can have rapid combustion when
activated with appropriate tools or with certain conditions
such as pressure, heat, fire, impact, friction, electrostatic,
electromagnetic, radio signal etc.

Every kind of explosive contains two typical compounds,
oxidizing agent and fuel . When the combustion rate of
explosive 1s fast but not fast enough to explode (say between
1000-2000 m/s) we call fast burning or “deflagration”
(technical term). Deflagration 1s a characteristic of low
explosive material.



What is Explosive

High explosive 1s an explosive that have very fast
combustion (say more than 2000 m/s), we call it
“detonation” and the rate of combustion 1s called *
velocity of detonation or VOD”

High explosive can explode (make a loud noise) in
unconfined space (open air) while low explosive can
explode in confined condition.



History of Explosive

- Black Powder was originated in China around the tenth
century

- 1380 German Franciscan Monk, Berthold Schwarts
developed gunpowder and its use 1n guns.

-16277 First recorded use of black powder for rock blasting
(Hungary).

- 1670 Black powder use spreads to tin mines of Cornwall
England by German miners.

- 1773 Black powder first used in U.S. at Copper Mine in
Connecticut.



History of Explosive

- 1831 William Bickford of Cornwall, England invents Safety

Fuse.
- 1846 Italian chemist Ascanio Sobrero discovers
nitroglycerine.

-1864 Swedish inventor Alfred Nobel develops first
detonating blasting cap and dynamite.

- 1884 Ammonium Nitrate (AN) becomes widely used in
dynamite formulations.

- 1935 duPont introduces first commercially successful non-
nitroglycerin ammonium nitrate (AN) blasting agent.



History of Explosive

- Late 1950°s Prilled AN fuel mixture begins to replace
dynamite.

- 1971 Emulsion ANFO blends introduced.

-1974 Shock tube-type non-electric delay detonators
introduced 1n U.S.

- Late-1980’s Electronic delay detonators (EDD’s)
introduced.



DEVELOPMENTS OF INITIATION METHODS SCANDINAVIA.

YEAR FUSE/CAP ELECTRIC NONELECTRIC

1945 95% 5%

19355 75% 25%

1970 17% 83%

1980 9% 85% 10%
2000 3% 40% 57%
2015 1% 10% 85%

ELECTRONIC 4%
HOW WILL IT LOOK 2025

1% 5% 75%
ELECTRONIC 19%

AUSTRALIA NONELECTRIC
SINGAPORE ELECTRONIC
HONG KONG

THAILAND, LAOS, CAMBODIA ( EBC )
MYANMAR, INDONESIA ( NONEL )
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VOD of some explosive at direfferent size
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Figure 2. Chart details how the diameter of an explosive affects its velocity.




Low explosive

Black powder or Gunpowder contains 75% potassium

nitrate,15% softwood charcoal, and 10% sulfur by weight.

In mining industry, black powder is used in cutting block of
dimension stone such as marble and granite, instantaneous

electrical detonators (IED) is used to detonate the black

powder in this application.

Potassium chlorate was used to mix with mercury fulminate as

the primary explosive in detonator.




Primary High explosive

* A primary hi explosive is an explosive that is

extremely sensitive to stimulate such as

impact, friction, heat, static electricity, or

electromagnetic radiation.

* Primary explosives are commonly used in

blasting caps and percussion caps.
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Secondary High explosive

* A secondary hi explosive is less sensitive than

a primary explosive and require substantially

more energy to be initiated.

 Examples of secondary explosives include

TNT and RDX. HMX




TNT (Trinitrotoluene)

VYOD 6900 m/sec
Density 1.65 g/cc

Pentolite is TNT + PENT -use as a primer of main charge

TNT is used as and additive explosive in ANFO to improve it’s

performance.




PETN

VOD 7200 m/sec Density 1.76 g/cc
Detonating Pressure 220 Kbar

PENT is use as a base charge of detonator, a core load of

detonating cord and in manufacturing of Pentolite

PETN is a secondary explosive since it is not as sensitive as

primary such as a lead azide and lead styphnate




11111
RDX (Research Department Formula X)

Its chemical name is cyclotrimethylenetrinitramine
VOD 8200 m/sec Density 1.70 g/cc
Detonating pressure 240 Kbar

RDX is second strength to nitroglycerine among common

explosive substance.
It is use as a base charge of detonator like PETN

Composition B is a mixture of RDX and TNT

Composition 4 (C 4) is a mixture of 97% RDX and 3% stearic

acid.




HMX (octogen)

VOD 9100 m/sec Density 1.91 g/cc
Detonating Pressure 240 Kbar

HMX is use as and explosive in manufacturing of shock tube

using for initiating NONEL detonator

HMX is a secondary explosive since it is not as sensitive as

primary such as a lead azide and lead styphnate
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Main charge or Tertiary explosive

 Main charge explosive is normally ANFO and

other ammonium nitrate based explosives.

* In some operations dynamite, TNT, RDX,

PETN, and some other high explosives may

be used.




VOD and Storage time of some explosive
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Emulsion Explosive

* In explosives belonging to the emulsion family the oxidant is introduced
in the form of a watery solution into an oily phase by an emulsifier.
These substances can be initiated using a detonator after adding gas
bubbles, or micro balloons, during the manufacturing process. The
main building blocks of these explosives are water, an oxidant, a
thickening agent, organic material, and in the case of cap-sensitive

explosives — gas bubbles or micro balloons.

 VOD 4500-5500 m/sec

 Detonating pressure 100-120 Kbar




Emulsion Explosives

Physical Form
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Emulsion Explosive







Blasting Agents

The blasting agents are a classification for the storage and
transportation of some explosives since they are less sensitive to

initiation and, therefore, can be stored and transported under different

regulations than would normally be used for more sensitive high

explosives.

The subclass of high explosives, called blasting agents, are materials or
mixture which consists of a fuel and oxidizer. The finished products, as
mixed and packaged for shipping, cannot be detonated by a number 8

blasting cap in a specific test. ANFO is an example of blasting agent.




ANFO (Ammonium Nitrate and Fuel Oil)

A variety of fuels could be used with the ammonium nitrate. Fuel oil is
cheap and easy to apply. For maximum energy output, the oxygen
balanced mix of approximately 94.4% AN to 5.6% FO gives the

optimum mix.
ANFO is the most explosive used in explosive industry today.

Heavy ANFO is ANFO mixing with aluminum emulsions of ammonium

nitrate, TNT, etc., to increase strength and to overcome the water

resistance .




Fuel Lean Fuel Rich

Energy Output (cal/gm)

Operate Fuel Rich Side
Fall Off Less Rapid

4 6
Percent Fuel Qil

Energy output vs. percent fuel oil added to ammonium nitrate.
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Dry Mixes

Heavy AN/FO
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Detonating cord

Detonating cord is a flexible plastic tube containing a center core of high

explosive usually PETN that is use as:
- initiator of other high explosive
-transmitter of detonating wave to primer at main charge

-main charge

Blasting cap is need to detonate detonating cord.
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Introduction: Types of Delays
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unInlnh (Electrical Detonators)
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Figure 15. Electric detonators.
Instantaneous (1) and delay type (2).

Detonator tube
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Shock tube

Shock wave
tube at 1900 m/s

(HMX and aluminium powder)

Shock tube is a flexible thin
and transparent plastic
tube contains a thin
coating 0.02 g/m of high
explosive, which, when,
initiated by blasting cap
transmits a low energy
signal from one point to
another at a velocity of

2000 m/sec
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NON ELECTRIC DETONATOR VS DETONATING CORD

Det. Cord
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Table 7.1.  Detonation Pressures for Selected Explosives

Detonation _

Density vOD pressure Pressure

Explosive (g/cc) (ft/sec) (kbar*) (psi) -
ANFO 0.81 12,000 27 391,600,
Emulsion, High Explosive 149 19,000 100 1,450,400 -
Ammonia Gelatin Dynamite 1.40 20,000 130 1,885,500 -
Composition B 1.60 26,000 254 3,640,500

4 khar= 14 ANA nei
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