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ABSTRACT

This invention relates to a water-in-o01l1l type emulsion
explosive comprising an aqueous oxidizer solution, an oily
material, an emulsifier and hollow microspheres, in which
the whole or a part of the oily material 1s replaced with a

polymer which is oil-soluble and has a ladder structure 1n

the molecule. Preferably, the polymer 1s one obtained by
polymerizing cyclopentadiene, dicyclopentadiene or

methylcyclopentadiene.
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1 BACKGROUND OF THE INVENTION
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The present invention relates to a water-in-oil
(W/0) type emulsion explésive which can be used for the
industrial blasting for various purposes such as, for
example, excavation of tunnels, quarrying and mining.

Many improvements and inventions have been made
regarding the W/0 type emulsion explosives ever since this
type of explosive was disclosed for the first time in U.S.
Patent No. 3,161,551. The W/0O type emulsion explosives in
these inventions are basically of the composition
comprising a mineral oi1l, wax or other hydrophobic
carbonaceous fuel (oil) as continuous phase, an aqueous
solution of oxidizers mainly composed of ammonium nitrate
as discontinuous phase, and a W/0 type emulsifier. By
properly adding a sensitizer such as hollow microspheres
to the composition, there can be obtained the W/O type
emulsion explosive of various level of initiating
sensitivity ranging from booster initiation to cap
initiation. As is well known, these W/O type emulsion
explosives, because of use of oily material as continuous
phase, are excellent in water resistance and safety in
comparison with the conventional explosives.

The W/0 type emulsion explosives have the
problem that they lack stability since the emulsion 1is

formed by mixing two mutually, insoluble liquids 1into a
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1 homogeneous liquid mixture comprising fine droplets of one
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liquid in the other liquid with the aid of an emulsifier.
Many inventions purposed to improve stability of this type
of emulsion explosives have been made. A method for
improving stability 1s to use a specific emulsifier as for
instance proposed in Japanese Patent Application Laid-Open
(Kokai) Nos. 58-120588 (1983) and 58-130830 (1983) and
U.S. Patent Nos. 4,482,403 and 4,698,105. Use of a
specific 0il is another method for improving stability of
said emulsion explosives, as for instance proposed in
Japanese Patent Application Laid-Open (Kokal) Nos.
57-149893 (1982), 61-40892 (1986) and 61-40893 (1986) and
U.S. Patent Nos. 4,386,977, 4,548,660 and 4,470,855.
Stability of the W/0 type emulsion explosives
was greatly improved by these inventions, and this type of
explosives has come to be used widely. However, the W/O
type emulsion explosives still have the problem that the
sensitivity lowers with the lapse of time, and some of
those W/0 type emulsion explosives which have been kept 1n

storage for 2 to 3 years fail to detonate in the hole due

to insufficient sensitivity.

SUMMARY OF THE INVENTION

The present invention provides a water-in-o1l
type emulsion explosive comprising an aqueous oxidizer
solution, an oily material, an emulsifier and hollow
microspheres, in which the whole or a part of the oily

material is replaced with a polymer which is oil-soluble



1 and has a ladder structure in the molecule.

DETAILED DESCRIPTION OF THE INVENTION

As a result of elaborate studies on change of
stability with time of W/0 type emulsion explosives, the
5 present inventors have found that at the summer season,
namely at the times when the temperature is high, there
takes place lowering of sensitivity of the explosives, but
at the spring, fall and winter seasons, namely at the
times when the temperature is not so high, there occurs no
10 reduction of sensitivity of said explosives. This fact
directed the present inventors to the effort for obtaining
a W/O type emulsion explosive which is stable at high
temperatures such as experilenced in the summer season.
Under this concept, the present inventors have
15 carried out many researches and experiments and, as a
result, found that when the whole or a part of the o1lly
material forming the continuous phase of W/0 type emulsion
explosive is replaced with a polymer which is oil-soluble
and has a ladder structure in the molecule, there can be
20 obtained a W/0 type emulsion explosive which is stable for

a long time even under high temperatures.

The polymer used in the present invention 1s the

one which is oil-soluble and has, in its molecule, a

l1adder structure such as described 1in Encyclopaedia of
25 Polymer Science and Technology, Vol. 8, published by

Inter-Science Publisher Co., Ltd. It 1s notable that an

especially good result can he obtained when using said
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1 type of polymers having a softening point of 0 to 150°C
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and a number average molecular weight of 50 to 2,000.

This type polymer 1is prepared by using, as
starting material, cyclopentadiene, dicyclopentadiene or
methylcyclopentadiene etc.

A preferred result can be obtained when using

this type of polymer prepared by using, as starting

material, a dicyclopentadiene having, for

example, a chemical structure of [[:ZI::]], namely a

polymer or copolymer of dicyclopentadiene.

Examples of this type of polymer (being oil-
soluble and having a ladder structure in the molecule)
usable 1n the present invention are: Escorez® 5380 (a
hydrogenated alicyclic hydrocarbon resin having a soften-
ing point of 85°C and a specific gravity (25/4 deq.C) of
1.10, sold by Tonex Co., Ltd.); Escorez® 5300 (a hydro-
genated alicyclic hydrocarbon resin having a softening
point of 105°C, a specific gravity (25/4 deg.C) of 1.10
and a number average molecular weight of about 290);
Escorez’ 5320 (a hydrogenated alicyclic hydrocarbon resin
having a softening point of 125°C, a specific gravity
(25/4 deg.C) of 1.10 and a number average molecular weight
of about 340), and believed to have the following ladder

structure as a basic structure:

VR A -
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1 Escorez 8180 (an alicyclic hydrocarbon resin having a
softening point of 86°C, a specific gravity (25/4 deg.C)
of 1.10 and a number average molecular weight of about

200) believed to have the following ladder structure as a

5 basic structure:

Escorez 1401 (aliphatic/alicyclié hydrocarbon resin having
a softening point of 119°C, a specific gravity (25/4
deg.C) of 0.97 and a number average molecular weight of
about 1,000), ECR 327®(an alicyclic hydrocarbon resin

10 having a softening point of 15°C, a specific gravity (25/4

deg.C) of 1.10 and a number average molecular weight of
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about 80) and ECR 356B® (an alicyclic hydrocarbon resin
having a softening point of 140°C, a specific gravity (25/4
deg.C) of 1.10 and a number average molecular weight of

about 390) having a basic ladder structure similar to those

shown above.

The publication (published February 1, 1989, by SEKIYU
BUNKASHA, Japan) “JETI” (Japan Energy & Technology

Intelligence) with the title “The Present Situation And

Hereafter Of Petroleum Resins Which Is Experlencing

Increased Demand”, pages 75-79, Vol.37, No. 2, (1989)
proposes two other structural formulae of DCPD-type

(dicyclopentadiene-type) petroleum resins:

Filg. 4 Estimated structural formula of DCPD-type petroleum

resin (page 77)

Fig. 5 Estimated structural formula of hydrogenated

petroleum resin (page 78)

———— - e e e e e
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The types of polymer used in the present invention can
replace the whole or a part of the oily material in the W/O

type emulsion explosive composition. Said polymer can be

used 1n admixture with an o0il component such as mineral
011, vegetable o0il, animal oil, fuel oil, kerosine, liquid
paraffin, paraffin wax, microcrystalline wax, petrolatum
and the like. The polymers can be also used in combination
with other types of resin such as petroleum resin, epoxXy
resin, unsaturated polyester resin, polybutene,

polyisobutylene, butadiene resin, a-olefin polymer and the

like.

For maintaining sensitivity of W/O type emulsion explosives
stably at high temperatures, preferably 1% by weight or
more, more preferably 5 to 70% by weight of the oily
material constituting the continuous phase in the explosive
1s replaced with the polymer being oil-soluble and having a

ladder structure in the molecule.

In the explosives according to the present invention, the
oily material is used in an amount preferably in the range
of 1 to 10% by weight based on the total weight of the W/O
type emulsion explosive. It 1s more preferable to
constitute the continuous phase by using the oily material

ln an amount in the range of 2 to
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8% by weight.

An aqueous oxidizer solution used in the present
invention can be prepared by dissolving one or a mixture
of two or more of the following substances 1n water:
ammonium nitrate, alkali metal nitrates, alkaline earth
metal nitrates, alkali metal chlorates, alkaline earth
metal chlorates, alkali metal perchlorates, alkaline earth
metal perchlorates and ammonium perchlorate.

In the aqueous oxidizer solution used in the
present invention, there may be added a water-soluble
amine nitrate such as monomethylamine nitrate, mono-
ethylamine nitrate, hydrazine nitrate and dimethylamine
dinitrate, a water-soluble alkanolamine nitrate such as
methanolamine nitrate and ethanolamine nitrate, water-

soluble ethylene glycol mononitrate or the like as an

auxiliary sensitizer.

The water content in the aqueous oxidizer
solution is preferably so selected that the crystalliza-
tion temperature of said aqueous solution will become 30
to 90°C. Usually it is preferable that the water content
is in the range of 5 to 40% by weight, more preferably 7
to 30% by weight, based on said aqueous oxidilzer solution.

In the aqueous oxidizer solution, it is possible
to add a water-soluble organic solvent such as methyl
alcohol, ethyl alcohol, formamide, ethylene glycol,
glycerin and the like as an auxiliary solvent for lowering

the crystallization temperature of the solution.

In the present invention, the aqueous oxidizer
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1 solution is used in an amount within the range of 50 to
95% by weight based on the total amount of W/0O type
emulsion explosive.

The emulsifier used in the present invention 1s

5 of the type which is usually used for forming W/0 type
emulsions. Examples of such emulsifier are alkall metal
stearates, ammonium stearate, calcium stearate, polyoxy-
ethylene ethers, sorbitan esters of a fatty acid, sorbitol
esters of a fatty acid and the like. These compounds may

10 be used either singly or in a suitable mixture.

The amount of the emulsifier used in the present
invention is preferably in the range of 0.5 to 7% by

weight based on the total weight of the W/0 type emulsion

explosive.

15 In accordance with the present invention, there
can be obtained the W/0 type emulsion explosives showling an
initiating sensitivity of a broad range from cap initiation
to booster initiation, by adding appropriate hollow micCro-
spheres in the W/0 type emulsion explosive. As the hollow

20 microspheres, there can be used hollow glass microspheres,
resin-made hollow microspheres, silastic baloon, perlite
and the like either singly or in combination.

The amount of the hollow microspheres used 1n
the present invention is so selected that the specific

25 gravity of the final product of the W/0 type emulsion
explosive will become not higher than 1.40 g/cc,
preferably not higher than 1.30 g/cc. The amount of the

hollow microspheres used is variable according to the
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specific gravity of the microspheres and other factors,
but usually used in an amount in the range of 0.5 to 20%
by weight based on the total weight of the W/0 type
emulsion explosive.

In the W/0 type emulsion explosives according to
the present invention, an expldsive substance such as TNT,
penthrit and the like may be contained together with the
hollow microspheres. It is also possible to make the
bubbles contained in the W/0 type emulsion explosive by
mechanical or chemical means to substitute a part of the
role of the hollow microspheres.

It is further possible to add a metal powder
such as aluminum and magnesium powder, or an organic
powder such as wood powder and starch in the W/0 type
emulsion explosive according to this invention.

The W/0 type emulsion explosive according to the
present invention is produced, for example, in the

following manner.

Ammonium nitrate or a mixture thereof with one
or more other oxidizer salts is dissolved 1n water at
about 85 to 95°C to prepare an aqueous oxidizer solution.
Meantime, an oil-soluble polymer having a ladder structure
in the molecule or a mixture of such a polymer and an oil
substance or resin are sufficiently and uniformly
dissolved at about 85 to 95°C, and an emulsifier is mixed
therein to form an oil-phase mixture. To this oill-phase

mixture is gradually added the previously prepared agqueous

oxidizer solution while stirring the mixture at a speed of
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1 200 to 500 r.p.m. by using a spiral blade agitator which
is usually used for stirring highly viscous materials.
After the completion of the addition, stirring 1is further
continued at the same speed for one minute, followed by

5 additional two-minute stirring at a raised speed of 800 to
1,300 r.p.m. The resulting emulsion is added with the
hollow microspheres and if necessary other additive(s) and
mixed by a vertical kneader at a mixing speed of about 30

to 60 r.p.m. for 5 minutes to obtain a W/O type emulsion

10 explosive of the present invention.

In the present invention, the whole or a part of
the oily component constituting the continuous phase of a
W/0 type emulsion explosive is replaced with a polymer
which is oil-soluble and has a ladder structure in the
15 molecular as described above, thereby giving a W/0 type
emulsion explosive which is remarkably minimized in
lowering of sensitivity at high temperatures, that 1is,

very excellent in storage stability in comparison with the

conventional W/0 type emulsion explosives.

20 The present invention will be described in

further detail below by showing the examples thereof.

Example 1
1.5% by weight of an oil-soluble aliphatic/

alicyclic hydrocarbon resin having a ladder structure in

25 the molecule [Escorez, 1401 (trade name) sold by Tonex

Co., Ltd.], which has been obtained by copolymerizing

dicyclopentadiene and C5 petroleum fraction and has a

- 10 -
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number average molecular weight of about 1,000 and a
softening point of 119°C, and 1.0% by weight of liquid
paraffin (reagent) were well mixed under heating at about
90°C. To this mixture were added 4.5% by weight of
sorbitol dioleate as emulsifier and an aqueous oxidizer
solution prepared by dissolving €2.8% by weight of
ammonium nitrate and 10.0% by weight of sodium nitrate in
14% by weight of water by heating at about 90°C, followed
by sufficient mixing by stirring to form a W/0 type
emulsion. To this emulsion were added and mixed 6.2% by
weight of glass bubbles [B28/750 (trade name) produced by
3M Co., Ltd.], to obtain a W/0 type emulsion explosive.
The obtained W/0 type emulsion explosive was packed in the
25 mm-diameter paper tubes (100 g of explosive in each

paper tube) to form the cartridges.

Comparative Example 1
In the same way and with the same composition as
Example 1 except for use of 1.5% by weight of a micro-
o A
crystalline wax (Eslux 172 produced by Esso Standard Oi1il)
in place of the polymer used in Example 1, there were

produced a W/0 type emulsion explosive and cartridges

thereof.

Example 2
0.3% by weight of an oil-soluble alicyclic
hydrocarbon resin having a ladder structure 1in the

molecule (Escore£°8180 sold by Tonex Co., Ltd.), which has

- 11 -
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been produced by polymerizing dicyclopentadiene and has a

number average molecular weight of about 200 and a
softening point of about 86°C, and 3.2% by weight of a
microcrystalline wax (Eslui?l?Z) were mixed well under
heating at about 90°C. To this mixture were added 2.0% by
weight of sorbitan monooleate as emulsifier and an aqueous
oxidizer solution previously prepared by dissolving 56.5%
by weight of ammonium nitrate, 15.0% by weight of sodium
nitrate and 10.0% by weight of hydrazine nitrate in 8% by
weight of water by heating at about 100°C, followed by
sufficient mixing with stirring to form a W/0 type
emulsion. To this emulsion were added and mixed 2.0% by
weight of glass bubbles [B28/750 (trade name) produced by
3M Co., Ltd.] and 3.0% by weight of perlite to obtain a
W/0 type emulsion explosive. The obtained explosive was
packed in the 25 mm—diameter paper tubes (100 g of

explosive in each paper tube) to form the cartridges.

Comparative Example 2
A W/0 type emulsion explosive and cartridges
thereof were produced by following the same procedure as

Example 2 except that an alicyclic hydrocarbon resin

having the basic structure of [{-CH--CH—+E—+-CH2-CH—+;]

= ©

with no ladder structure in the molecule [Arkon p-70°
(trade name) produced by Arakawa Chemical Industries Co.,

Ltd.] was used in an amount of 0.3% by weight in place of

- 12 -
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the polymer used in Example 2.

Example 3

3.2% by weight of an oil-soluble hydrogenated

alicyclic hydrocarbon resin having a ladder structure in

the molecule [Escorez® 5300 (trade name) sold by Tonex Co.,
Ltd.], which has been obtained by polymeriiing and
hydrogenating dicyclopentadiene and has a number average
molecular weight of about 290 and a softening point of
about 105°C, was melted under heating at about 115°C. To
this molten resin were added 2.7% by weight of sorbitol
dioleate as emulsifier and an aqueous oxidizer solution
previously prepared by dissolving 71.4% by weight of
ammonium nitrate and 7.5% by weight of sodium nitrate 1in
11% by weight of water by heating at about 90°C, followed
by sufficient mixing with stirring to form a W/0 type
emulsion. To this emulsion were added 4.2% by weight of
glass bubbles [B28/750 (trade name) produced by 3M Co.,
Ltd.] to obtain a W/0 type emulsion explosive. The
obtained explosive was packed in the 25 mm-diameter paper
tubes (100 g of explosive in each paper tube) to form the

cartridges.
Comparative Example 3
A W/0 type emulsion explosive and cartridges

thereof were produced by following the same procedure as

Example 3 except that 3.2% by weight of a petroleum resin

- 13 -
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®
1 [Hi-rez C-110X (trade name) produced by Mitsui
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Petrocehmical Co., Ltd.] obtained by polymerizing a C5

petroleum fraction was used 1n place 0of the polymer used

in Example 3.

Example 4

1.0% by weight of an oil-soluble alicyclic
hydrocarbon resin having a ladder structure in the
molecule [Escorez ECR® 327 (trade name) sold by Tonex Co.,
L.td.], produced by polymerizing dicyclopentadiene and
having a number average molecular weight of about 80 and a
softening point of about 15°C, 1.0% by weight of a
paraffin wax having a melting point of 146°F [145°
Paraffin (trade name) produced by Nippon Sekiyu KK] and
1.0% by weight of a petroleum resin (C-110X) were mixed
well under heating at about 90°C. To this mixture were
added 0.7% by weight of sorbitan monooleate and 0.5% by
weight of sorbitol dioleate as emulsifier and an aqueous
oxidizer solution previously prepared by dissolving 71.1%
by weight of ammonium nitrate and 7.5% by weight of sodium
nitrate in'lz% by weight of water by heating at about
gp0°C, followed by sufficient mixing with stirring to form
a W/O type emulsion. To this emulsion were mixed 5.2% by
weight of glass bubbles (B28/750) to obtain a W/0 type
emulsion explosive. The obtained explosive was packed 1in

the 25 mm-diameter paper tubes (100 g of explosive in each

paper tube) to form the cartridges.

- 14 -
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1 Comparative Example 4

10

15

20

25

A W/0 type emulsion explosive and cartridges
thereof were produced by following the same procedure as
Example 4 except that 1.0% by weight of Arkon P-70 used in

Comparative Example 2 was employed in place of the polymer

used in Example 4.

Example 5

0.9% by weight of an oil-soluble alicyclic
hydrocarbon resin having a ladder structure in the
molecule [Escorez 530 (trade name) sold by Tonex Co.,
Ltd.] which has been prepared by polymerizing dicyclo-
pentadiene and has a number average molecular weight of
about 290 and a softening point of about 105°C, and 2.1%
by weight of a microcrystalline wax (Eslux 172) were mixed
well under heating at about 90°C. To this mixture were
added 3.1% by weight of sorbitol dioleate as emulsifier
and an aqueous oxidizer solution previously prepared by
dissolving 73.4% by weight of ammonium nitrate and 6.0% by
weight of sodium nitrate in 10% by weight of water by
heating at about 100°C, followed by sufficient mixing with
stirring to form a W/0 type emulsion. Then 4.5% by weight
of glass bubbles (B28/750) were added to and mixed 1n the
emulsion to obtain a W/0O type emulsion explosive. The
obtained explosive was packed in the 25 mm-diameter paper

tubes (100 g of explosive 1in each paper tube) to form the

cartridges.

-~ 15 -
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1 Comparative Example 5

A W/0 type emulsion explosive and cartridges

thereof were produced by following the same procedure as
Example 5 except that Arkon P-70 used in Comparative

5 Example 2 was used in an amount of 0.9% by weight 1n place

of the polymer used in Example 5.

The compositions of the W/0 type emulsion explo-

sives obtained in Examples 1-5 and Comparative Examples

1-5 are shown collectively in Table 1.

10 Test Example

The emulsion explosive cartridges of Examples

1-5 and Comparative Examples 1-5 were Kkept in a high-
temperature (45°C) thermostat. The cartridges were taken
out of the thermostat every one month and subjected to an

15 initiation test by using No. 6 and No. 8 caps. The test

results are shown in Table 2.

~ 16 -
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1 From comparison of the Examples with the
corresponding Comparative Examples (such as Example 1 and
Comparative Example 1) by the results shown in Table 1, 1it
is clearly seen that the explosives according to the

5 Examples of this invention are noticeably prolonged in the
storage period until the explosives loses its No. 8 cap
sensitivity due to lowering of sensitivity 1in comparison
with the explosives of the Comparative Examples.

It is evident that the W/0 type emulsion
10 explosives according to the Examples of this invention are

very stable even at high temperatures.

- 25 -
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A water-in-oil emulsion explosive comprising 50

to 95% by weight of an aqueous oxidizer solution, 1 to 10%
by weight of a polymer, 0.5 to 7% by weight of an
emulsifier and 0.5 to 20% by weight of hollow microspheres
of said water-in-oil type emulsion explosive, wherein the
polymer 1s one obtained by polymerizing cyclopentadiene,
dicyclopentadiene or methylcyCIOpentadiene, or 1ts
hydrogenated product, and is one which is oil-soluble and
has a ladder structure as a basic structure in the

molecule, has a number average molecular weight of 50-2000,

and has a softening point of 0-150°C.

2 . A water-in-oil type emulsion explosive according

to claim 1, wherein the polymer or its hydrogenated product

1s obtained by polymerizing dicyclopentadiene.

3. A water-in-oil type emulsion explosive according

to claim 2, wherein the polymer or its hydrogenated product

has one of the following ladder molecular structures as a

basic structure:
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