1 EMULSI FI CATI ON METHOD The ‘present.invention relates to thezggéﬂyggggjpﬁg
wat er -i n-oi | enul sions of high internal phase volume, and in particular to
i nprovenents in or.relating to a nethod usilng apparatus for the continuous
manuf act ure of enul sions which are useful as the basis of an expl osive

system Qur co-pending appli c?ﬁ%m_%_ﬁ@% 25953/ 88, BR Pl 8806666,
CA 584952, EP 88310493. 7,  NO 885593, 284 , and ZA 88/ 8740 di scl ose a
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means 1s convenlently provided in the form of a spray nozzle
as is commonly used in the spray drying art.
' The apparatus further provides means for introducing
the fuel medium into the chamber so that the fuel introduced
thereby contacts and stabilises the;dropleté of oxidiser
solution as they are formed, so as to maintain discrete
- droplets of oxidiser liquid, thereby providing an emulsion
suitable for use as the basis for an exp1051ve systen.
The fuel inlet tube is preferably mounted in the side
, wall of the cylindrical vessel in a readily adjustable (.
manner (axially and radially) and aligned along a radial
direction of the cylindrical vessel. ' |
~ The emulsion formed is extracted via an outlet port
located in the wall of the mixing chamber at or near the
upper end of the cylindrical vessel. _

It has been found, however, that when attempting to
produce emulsions of high viscosity the basic apparatus
disclosed in the referenced prior applications may produce
emulsions of less than the desired quality. The high
viscosity of emulsions is a function of the nature of the
chosen formulation and the desired droplet size.
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2 Further, the purpose of form ng the described energent jeL | S tmofold
firstly to produce snmall droplets of t He i Qui d oxi di ser arrd Secondly to
m,x the oxidisér and oil phase via the vortex created. However, if
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i ntroducing_intqQ a mxin nber “separate |1 quid streans of cont I nuous
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energence into the jg therefore an object of the present invention to

prov1de a method using apparatus for the formation -of

.0il/water emulsions which can be used as a basis for
explosive systems. | | _
It is a further object of this invention to provide a
- method using apparatus which safely manufactures oil/water
emulsion on a continuous basis, particularly emulsions
having v1sc051ty, e.g. _low oil content emulsions.

- Accordingly, the invention provides a method for the
continuous production of an oil/water emulsion explosive
composition, comprlslng simultaneously and contlnuously
1ntroduc1ng into a mixing chamber separate liquid streams of
a continuous fuel phase component and an immiscible
discontinuous oxidiser phase component, the immiscible

'~ discontinuous phase component being introduced into the
continuous phase throﬁgh turbulence inducing means which

_constricts the flow of the immiscible discontinuous phase
such as to cause its spontaneous disruption to form fine
droplets of a desired size upon its emergence into the
mixing chamber, the turbulence inducing means further
eausing the immiscible discontinuous phase to emerge in a
flow pattern and at a flow rate sufficient to cause the
droplets s0 fotmed to entrain the continuous phase component .



m xi ng chanber, the turbulence I nduci ng nmeans further.cau$|ng the "
I mm sci bl e dlscontlnuous phase to energe in a flow pattern and- at’ a flow
rate sufficient to cause the droplets so formed to entrain the continuous
phase conponent . to provide for mxing thereof with the droplets to form
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i ncor por, f oil phase by its mxing action. Preferably, the mxi ng
chanber 58 e i'ned by a cylindrical vessel having end closures. The first
(normal |y thg‘heowéweam migdng Eansh @2y GOIRrise ene @raBIorepr ovi ded with

means f Qiotiafiingd &@nﬂﬁﬁd‘%@ﬁt@cﬁﬁﬁo ARkl AneRritde Wk dayaxi s of
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sol uti oRgnstrictor" means, e.g. ~jet nozzle, will be optimised to

ensure good contlnuous incorporation of oil phase by 1ts '

mixing action. . S T : '
Preferably, the mixing chamber is deflned by a

cylindrical vessel having -end closures. The first (normally

the lower in use) such end closure is preferably prov1ded

with means for introducxng the oxldlser.; o
Preferably also, the central axis of rotation of the

shear mixing means is substantially'coaaxiallWith;the

centralanis of*theJeylindrical-vesSel._
Conveniently, the shear mixing means is driven by a-

shaft penetrating the opposite end closure. . = | U
The method of this invention can be applied to - B

manﬁfacture a wide range of formulations suitable for use as

the basis- for an.explosive'system. A typlcal formulation

will be made up of sodium and ammonium nitrate solutions .

with sultable emulszflers and modlflers (if required) in a

fuel such as paraffln oil. The emulslilers may be any of

- the usual typeS known in thls'art, e.g. sorbitan.esters and
'preferably.are'pclymeric emulsifiers, e.g. PIBSA |
derivations. Thus the emulsifier may be one or more of:
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Wit h swtable emul sifiers and rmdlflers ¢if reqwred) in a fuel such as
- paraffin oil- - The emul sifiers may be any of the usual types known in this
art, e.g. sorbitan esters and preferably ae polyneric enulsifiers, e.g.
- PIBSA derivations. Thus the enulsifier nay be one or nore of: 4
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drawi ngs, eritiddrs Wi ww&ﬁw%& ﬁ&lﬁié‘é ahd Fml iexpliosiive ube 2,
havi-ng an u r end I()Lg,;a 3 and | ower end closure 4. \Wen assenbl ed as-
Iééﬁﬂ

shown, tub AUhd 4 define a chanber 5. Centrally | ocated in
| ower’ end cl osurghet imventimmwislhgow e desditibadyd byh way of @xample of
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: Fig. 1 - is a cross-sectional view of an embodiment of
the emulsification apparatus of the. invention; )
Fig. 2 - is a perspective view from above of an
impeller which may be used in the invention; and
Fig. 3 - is a graph illustrating the effect of a nozzle
on emulsion viscosity with varying .production rate.
' Referring now to the drawings; an emulsification
apparatus 1 consists of a cylindrical tube 2, having an
"upper end closure 3 and lower end closure 4. When assembled
as shown, tube 2 and closures. 3 and 4 define a chamber 5.
Centrally located in lower end closure 4 is an atomising
.inlet 8. Mounted in the side wall of chamber 5 and passing
through tube-é, near the lower end of the tnbe 2 is a fuel
inlet 16. o
Further provided is a fuel inlet nozzle 10 which enters
the mixing chamber 5 via the fuel inlet 16. The_inlet
nozzle 10 may be aligned along a radial direction of tube 2,
‘and may be adjustable both laterally"(i e. at right angles
to the longitudinal axis of the tube 2) and longitudinally
(i.e. along the length of the tube 2). :
Located in the side wall of chamber 5 and passing _
through tube 2 near the upper end of tube 2, is an exit or




inlet 16. Further prOV|ded is a fuel.inlet nozzle 10 which enters.the.

"mxing chanber 5 via the fuel inlet 16. The inlet nozzle 10 may ‘be " al i gned
al.ong a radial direction of tube 2, and Ry be adjustable both Taterally
(i.e. at right angles to the Iongltudlnal axi s - of the tube 2) and

| ongi t udi nal | e. along the length of the tube 2). Located in _the side
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streamof droplets_of I-SC ntlnuous p ase C npon nto a y of a
cont i nuoBShgmatdcaddyois,Fig-t B.suhec r@é‘F@cPﬂ“’F@“eﬂ‘@cP“ er .

conti nuous

entralneﬁy ngr Fa
phase co@pshte(D.0064m +ho. oneamser The distance of the’ impeller from

the nozzle 10 is suitably about:- v (o 2794m)._
Emulsifioation apparatus 1 is adapted ‘to deliver'a-'
turbulent spray or stream of droplets. of'a"discontinuous
" phase component into a body of a- continuous phase component
with sufficient velocity to effect emuls;fication. The
continuous phase component, i. e.-the fuel 1s continuously |
introduced into chamber 5. through inlet nozzle 10 where it
is entrained by a high velocity atomized stream or spray of
the discontinuous phase component, i.e.. the oxidiser is T_.
1ntroduced continuously into chamber 5. through inlet 8. The .
intermixing of the two phases forms an emulsion which may ;- ‘#J
comprise particles of a size as small as 2 microns or less. ‘
However, applicants have found that in some instances,
usually when emulsions of high viscosity are first formed in
the chamber, the mixing action of the jet alone may be:
inadequate to produce the desired continuous: entrainment of.
fuel phase—into'the forming emulsion mixture. shear mixing'¢
means, such as. an’ impeller 12, may therefore be used to
facilitate the mixing and assure good refinement ‘and
emulsion homogeneity. - ' )
As the emulsion flows -past the 1mpe11er it may be
further refined by shearing action, as a secondary effect of
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Fntr.oduced continuously into chanber 5 through inlet 8. The interm xing of
the two phases fornms an emrul sion which may conprise particles of a size as
smal |l as 2;micfons or |ess. However, applic@&nts have found that in sone

i“nst Ances, usual ly when emnul sions of high viscosity are first formed in the
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speed, the produghowhSERSFPiY. 3 NEE 6 @gdcpwﬁﬂagrqggsﬁa;e decr-eases
when a suitabl e pozzle 1s utilised at, [ nlet pressures of 80-100 psi. Shown
in Fig.3 i s(%eﬁ\:gﬁﬂf%?)_ cYersys Produckion xate: lfﬂ)i‘%@)q\)erg‘iﬁ AR oducti on
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enul sion viscosity was neasured using a Brookfield . Visconeter (spindle 7
at. 50r pm. aintreduged.inte the chambenss ‘ehropghnlet fhak A %’% e
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. As can be seen from Fig. 3 as the production rate is -

increased the viscosity of the final emulsion product

remains substantially the same over a wide range of

production rateé. This was not the case when the impeller

was removed and inlet 8 alone used. | ,

The emulsification method and apparatus disclosed

_ herein offers a self-compensating mixer allowing a range of

product. flow-fates. At high product flow rates the jet type

mixer does most of the mixing work, due to the high inlet

pressures of the fuel. and the oxidiser phases. At lower

flow rates however, the impeller will do a sig_nif icant part

of the mixing work, since the fuel and oxidiser pljiases are

introduced. into the mixing: chamber at lower inlet pressures,

the emulsion so formed having a higher residence time within

the mixing chamber.




herein offers a self conpensatlng m xer allow ng a range of product

flowrates. At high product flow rates7the jet type ni xer does nmpst of the -

mxing work, due to the high inlet pressures of the fuel and the .oxidiser
phases. At | over flow rates however, the inpeller will do a significant
part of &%gmgixing work, since the fuel and oxidi ser phases are introduced
into th ng chamber at |ower inlet pressures, the enulslon‘so f or med
havi ng a hi gher resi-dence tine-within the m xing chanber.  dains~N A
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accordlng reint
: to provide for: mlxlng thereof” w1th the droplets to form an

emulsion, wherein shear. m1x1ng means is provzded downstream
of the turbulence ;nducing means for enhanced mixing of the
emulsion to effect continuous incorpbration'of fuel phase to -
produce a more refined or homogeneous emulsion sultable for
use as the bas1s for. an explos1ve system.-:'

2. A method accordlng to claim 1, wherein the\shear mixing
means comprlses at-least one member rotatable about an axis
and selected from an 1mpeller, paddle, propeller, turblne or
the like member. - ' : | '

3( A method accordlng to claim 2 whereln the shear mlxlng ' g;)
~means comprlses an impeller which has no net axial pumping )
action. ' ' ' '

4. A method according to claim 2 or claim 3, 'whereln the
mixing chamber is defined by a cyllndrical vessel having end_
closures whereln one of sa1d end closures has means for.
introducing the oxldlser, further prov1ding an adjustably

" mounted fuel inlet tube located in the side wall of the
cylindrical vessel and aligned along a radial direction of
the cyllndrlcal vessel, and an outlet port for the
extraction of formed emuls1on located in the side wall of
the mixing chamber at or near the other end.of the
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Aeans conprises an |npeller whi ch has no.net. axi al punping action. 4. A
met hod according to claim?2 or claim 3, wherei.n the mxing chanmber is
defined by.a cylindrical vessel having enddglosures wherein one of said end
¢l'osures has neans for introducing t he oxidiser, further providing an

adj ust abl y nnuné |nlet ube located in the side wall of the
cylindrical v &L é& |l ong a radial direction of the cylindrica
vessel , armd as.outmeumamﬂu'hmcdﬁdangxtbacuadn af, wherednethescentrataagrilsi n
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4, mhereln thé&éﬁ% the eentyad: pxdsopf: fhespyddindricad vesselis -~ -

“substantial lyego- Mh@thw hdderaingt td) caxin af Ehelaxin' BUr yhadkelRSeRL: ©-
n the sheal m.xing neans is

A et hod accordin |l aimd4 or .cl rei

driven by a sf EFP% I "§nién§rg%6§ug§ stpﬁgtnPEPﬁBrEﬁéﬁﬁe n end A

met hod accordcﬂgfnmeanf the mﬁxdhg ehambeer.6 wherein the shear m xi ng neans
e at & 0 aft _a e es

cxt ondi ng &ﬁ“’“? ¢ ACnsEncd 3kaRA1480R0" AR bhe 97 HIL1AY BOEPE e dIATS

produci ng a spnageméwdmsiunaaspnouprésasonnaingq§|d15cgantctabbe

medi um and anupe acshatt and Havihg peripHRE ginbhﬂhhyeiieﬁaiﬁbngﬁﬁoéf

descrlbed with reference to the acc anyin
the plane of the dlsc %gpax algplanes.

8. A method for producing a multi-phase-émulSion explosive
from a liquid organic fuel medium and an immiscible liquid
oxidiser substantially as hereinbefore described with
reference to the accompanying drawing. -
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