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PPARATUS FOR G CONCENTRATED SIONS
d-o. vention

The present invention relates to dpparatus for
contlnuously preparing concentrated emulsions, such as

a variety of water-in-oil emulsicns, particularly those
which can be effectively employed as additives for
hydrocarbon fuels.

Emulsions, including water-in-oil emulsions, for
various uses have been prepared by usé of a wide
variety of equipment. Usually, the equlpment has been
high shear producing apparatus, such as high speed
impellers, mixers, static mixers and the like.
Emu1s1ons are usually made in batch operations, but
some are made or maintained by contznuous operations.

Emulsions made in the apparatus of this invention
are of particular interest for fuels. The concept of
adding water to a combustion mixturé éan be traced back
as far as about 200 years, while the use of emulsions
as fuels can be traced back about 80 years. In
particular, it has been found thit water-in-oil
emulsions can improve the burning characteristics of,
e.g., internal combustion engines.

A variety of fuel compositions for use in internal
combustion engines and which comprise emulsions of
hydrocarbon fuels and water are known in the art. A
few representative examples include U.S. Patents
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1,498, 340 to Belknap, 1, 533 158 to Belknap, 1, 701 621

to Klrschbraun, 3,876, 391 to MbCoy et al., 4, 199 316 to_

Fung; 4,244,702 to Alliger; and 4,696,638 to DenHerder,' o

the disclosures of whlch are 1ncorporated hereln by
reference. '

Water-ln-oll hydrocarbon fuel emulslons have been
produced by a varlety of technlques 1nclud1ng, €.Fs, .

' the homogenizlng of water and 011 together in the o
'presence of surfactants so. as to. create a final fuel

10

having certain combustlon characterlstlcs._

In additlon, as dlscussed 1n U.s. Patent 1 701,621

| to Klrschbraun, ‘the art has recognlzed the abllity to

15

produce an initial concentrated emulsion of water with
a heavy hydrocarbon 011 and then dlluting this initial
emu151on into the fuel e. g., gasollne, so as to obtain

"~ the final fuel composztlon. U.S._Patent 4, 695 638 to

20
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DenHerder conta;ns a similar disclosure.

~ In the past, the art has tradltlonally produced
saturated emulszons, i.e., emuls10ns where the volume.
of the dlscontinuous phase exceeds the volume of the _ .
contlnuous phase, in batch processes 1nvolv1ng the slow -
addition of the discontinuous phase 1nto a mixing tank
containing the ‘continuous phase. In such a process,
emulsifiers can optlonally be employed w1th1n either

_the.dlscontlnuous or the continuous phase, or in both

phases.~

: However;'continuous'processes'are'considered-to be -
more efficient. Thus, it is an object of the present
invention in order to prov;de a contlnuous process for
produclng concentrated emu151ons, as. well as other '

'emulslons.
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This and further objects will become apparent from
the specification and claims which follow.

[} e Inventi

The present invention relates to an apparatus for
5 continuously preparing an emulsion, e.g., a
concentrated water-in-oil emulsion, such as can be
effectively employed as an additive for hydrocarbon
fuels. '

In particular, the apparatus comprises a

10 circulating loop vessel which comprises at least two
inlet means, e.g., one inlet means for a discontinuous
phase, and one inlet means for a continuous phase, as
‘well as at least one outlet means for the emulsion and
a flow circulation means, e.g., a circulating pump.

15 Each of the inlet means, outlet means, and circulating
pump are arranged so as to be capable of producing a
concentrated emulsion when the appropriate
discontinuous and continuous phases are introduced into
the vessel and the circulating means is operated to

20 circulate and emulsify the phaSes.

ti £ e awin
Figure 1 is a schematic drawing of the apparatus
according to the present invention; and

Figure 2 illustrates a preferred embodiment of an
25 apparatus according to the present'invention.

. Detailed Description of the Invention

. As discussed above, the present invention relates
to an apparatus for making of an emulsion, particularly

BNSDOCID: <WO___9211027At >
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" a concentrated water-in-oil emulsion, which can be
' employed as additive for hydrocarbon fuels.

10

Although the apparatus of ‘the present 1nvention :
will be discussed in terms of the production of a

'concentrated water-in-oil emulsion fuel additive, those S

skilled in the art will clearly recognize the
applicability of this apparatus ‘to the production of a
w1de variety of emu151ons and concentrated emu151ons.

In making the water-in-oil emu1s1on fuel additive
of the present invention, light hydrocarbon fuel is

. preferably first mixed with at 1east one surfactant.

The light hydrocarbon fuel which can be effectively

15

employed in the present. 1nvention includes any 1ight
oil, e.g., #2 diesel oil #1 diesel’ oil, which is
recognized in the art Wlth the ch01ce of a particular
0il being dependent on the final application for the.
fuel’ emulsion. For example,_when.the emulsion is to be
added to #2 diesel fuel, #2 diesel oil is usually |

‘preferred for forming the emulsion additive.

20
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The surfactants which can be'employed include any
emulsifier or mixture of emulsifiers, which are
recognized in the art. Typical emulsifiers include
amine alkylbenzene sulfonates, tall oil fatty acids,
oleylimidazolinium hydrochloride and mixtures thereof.
For example, in an embodiment where a mixture of such
additives is to be added to #2 diesel fuel, the mixture
can comprise the above three components in a ratio of,
e.g., about 45:30: 25, respectively. o

In forming such an emulsion, 1t is preferred that
water 1s mixed with the other components in an amount
effective to prov1de an emulsion which is about 40 to
about 80% by volume water, preferably about 50 to about

BNSDOCID: SWO___$211027A1_ 1>



WO 92/11927 PCT/US91/09530

10

15

20

25

-5—

70%, and more preferably about §5 to about 65%, and in
particular about 60% being even more preferred. These

‘guidelines are based on the fact if too much water is
- present in the emulsion additive, the emulsion may be

too viscous to be quickly dispersed when finally added
to the hydrocarbon fuel.

The ratio of water to emulsifiers is sufficient to
reduce interfacial surface tension so as to achieve the
desired size of water droplets. Preferably, the ratio
of water to emulsifier(s) is about 5:1 to about 20:1,
with about 10:1 being more preferred. 1In the
embodiment employing diesel oil as the hydrocarbon
fuel, the ratio of water:hydrocarbon fuel:emulsifier(s)
is preferably from about 80:12:8 to 40:56:4, more
preferably about 70:23:7 to about 50:45:5, with about

60:34:6 being even more preferred.

The water employed in the present invention can
come from any recognized source, e.g., typical city
water can be effectively employed. ’

The emulsion made according to the present
invention will have water droplets which are
substantially continuously and uniformly distributed
therethrough and will have a droplet size or diameter
which effectively allows for a "microexplosioh" when of
the water droplets present in the emulsion additive is
added to a hydrocarbon fuel which is combusted.

It is the belief of the inventors that many of the
advantages associated with the present invention can be

. attributed to the "microexplosions"™ of the water

BNEDOCID: JVO___8211827A1__»

droplets present within the emulsion during the
combustion of the final fuel composition. See, for
example, the discussion in the article entitled *The
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Applzcatlon of Emu1s1f1ed Fuels in D1ese1 Englne

.De51gns. Experlmental Results and Theoretlcal

Predlctlons“ by R. V. ‘Thompson et al, Trags= 1. Mr. l

'-Egg;;_izul Vol. 97, Paper 10 (1985). However, ‘this

llnventlon should not be bound by or llmlted to ‘this or

~ any other partlcular theory.

10

Thls droplet size can range from about 0.1 to
about 200 mlcrons._ Preferably, th1s 31ze ranges from

about 0.2 microns to about 100 mlorons, more preferably-.'

about 0.3 to about 70, still more preferably about 1.0
to about 50, with about 5 to about 30 mlcrons being:

"leven more preferred.

The desired water droplet size can be prov1ded by -

a_any'means which is recognlzed in the art, for example,

15

through the amount and type of emulsifler(s) employed,

R e., the greater the amount of emulslfler employed in
 the mlxture, ‘the smaller the droplet size in the

20

emulsion. In add;tion, the choice of" mlxing means can

effectlvely control the size of ‘the water droplets. and

the unlformlty of the droplet size. The apparatus of

the present invention is partlcularly effective in

' produolng emulslons of desired droplet size and

25

30

unlformlty.

Emulsions produced by the present invention can be

stable over long periods of time, e.g., months, and
. possibly even years, and thus has an adequate shelf

life for, e.g.,_storage and distribution'purposes.

In addltlon, when the emulslon produced by the
apparatus of this invention is employed as an additlve
for 1lght hydrocarbon fuels such as diesel fuels, jet
fuels or gasollne, the resultlng compos1tlon improves

- the efflclency of the fuel, i. e., the mlles per gallon

NSDOCID: <WO__R211027A1_1>»
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(mpg) assdciated with the fuel is increased, while also
reducing the exhaust gas pollution and particulate
emissions associated therewith.

. The apparatus according to the present invention
is capable of continuously producing a concentrated
emulsion. This apparatus for continuous production,
which is illustrated schematically in Figure 1,
includes suitable means, e.g., three or more metering
pumps, 1, 2 and 3, for continuously adding the
components to a circulating loop vessel 4. <Circulating
means, pump 5, produces a circulating flow rate in the
loop that is "large" when compared to the discontinuous
phase flow rate entering the loop. By "“large" it is
meant that the circulating flow rate is significantly
larger, e.g., no less than about 5 times the flow rate
of the discontinuous phase entering the loop. 1In
general, the circulating flow rate within the loop will
be between about 5 and about 100 times the flow rate of
the discontinuous phase entering the loop, preferably
between about 10 and about 40 times, and more
preferably in the range of about 15 times.

As further illustrated in Figure 1, components of
the continuous phase, i.e., diesel oil at 2.8 gpm (10.6
lpm) and surfactant(s) at 0.5 gpm (1.9 lpm), can be
premixed by metering means, pumps 2 and 3,
respectively, prior to introduction into the
circulating loop 4. Once the circulating loop is fully
charged and circulating nominally at about 80 gpm
(about 303 lpm), the discontinuous phase, e.g., water,
can then be introduced via metering pump 1 at 5 gpm (19
lpm). The emulsion can then be continuously removed
from the loop via line 6 at 8.3 gpm (31.4 lpm). Co-
surfactants (or water soluble additives) can be
premixed with the water if desired using pump 7, or the
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outlet 6 of the circulating 1oop vessel 4.

'_A_preferred apparatus.of_the present invention-for :
producing emulsions is illustrated in Figure 2. In

this apparatus, hoth the continuous phaSe, i.e., .
preferably a premix of the 011 and emuISifier(s) 11,

and the discontinuous phase, i e., preferably water, 12

are introduced in the circulating loop via, e.g.,
suitable means such as pipes 13a and 13h, respectively,

into the circulating ‘loop vessel 4. A circulating pump o

14, e. g.; @ centrifugal circulating pump, is. employed
to circulate the. material Wlthln the loop. The

'emuISion is removed via outlet 15, this emulsion can
'then be further refined for uniformity of product by _
passing through a suitable mixing means, e€.g., a static_

mixer or a homogenizer 17. Drain 16 is employed to

' remove all reSidual material from the loop when needed

20

for cleaning.

Although the present invention is described in
terms of the fuel additive emuISion embodiment
illustrated above, it is recognized that a number of

"apparatus and process parameters may be varied

25

according to this invention depending on the nature and_

guality of a desired emulsion. The apparatus of this
invention is useful in making emulsions for food

‘paint, cosmetics, drugs and other products. The

30

3NSDOCID: <WO__0211927A1_)_>

apparatus of this invention is also useful in

premixing, mixing or otherWise contacting materials.

In terms ‘of the apparatus, such parameters include

overall loop design, e.g., volume, velocity, turbulence

and the like, pump selection, and the optional use of a
static or other mixing means in ‘connection with the
outlet of the 1oop, as well as pOint of introduction

a
. -
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and method of introduction, e.g, cdo-current or counter-
current, spray injection or open ended pipe, for the
inlet streams.

Tn addition to those features relating to the
apparatus, process parameters, e.g., the choice and
amount of emulsifier(s), temperature, system pressure,
circulating pump type and speed and the like, are also
selected based upon the characteristics of the desired
emulsion, and since this is a continuous process, it
does allow for both open loop and closed loop automatic
control.

The continuous nature of the process associated
with the apparatus of the présent invention provides an
increased efficiency i.e., reduced labor costs, better
quality control and increase ease associated with
packaging of such emulsions, as well as change of
product properties while on streanm.

In order to further illustrate the present
invention and the advantages which can be associated
therewith, the following specific example is given, it
being understood that the same is intended only as
illustrative and is in no way limitative of the scope
of this invention.

EXAMPLE

A circulating loop vessel using 2 inch (5 cm) size
pipe of Fig. 2 is charged wifh a premixed #2 diesel oil
and emulsifier stream. The diesel o0il is introduced by
a metering pump at the rate of 2.8 gallons per minute
(gpm) (10.6 liters per minute) while the emulsifier
described in Example 1 is introduced at a rate of 0.5
gallons per minute (1.9 1lpm). Once the loop is fully
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charged, and clrculatlng at about 80 gallons per mlnute

i(about 303 lpm), water is then 1ntroduced V1a a th1rd

meterlng pump at a rate of 5 0 gallons per- mlnute (19

1lpm). The clrculating pump was a 3x3x4 centrlfugal at :

1750 rpm with a seml-open 1mpeller. The resultlng

'oonoentrated emulsion is passed through a static mlxer
at a rate of 8 3 gallons per mlnute (31 4 lpm)

It should be noted, that when flrst started thls
loop will obv1ously prodnce only pure contlnuous phase.“
As the liquid olroulates in the loop, however, an
inorea51ng amount of disoontinuous phase w111 bulld up

.very qulckly. -For thls partioular example, only about

15

20 y

30 seoonds of runnlng time would be necessary to

approaoh the flnal 60: 34 6 rat1o. Once stablllzed the'
loop can be stopped and restarted to produoe final _
60:34: 6 emu151on lmmedlately at 1ntermittent intervals.'

While the invention has been desdrihed in terms of
varlous preferred embodlments, the skilled artisan will
appreolate the varzous modlfloatlons, substitutlons,
om1551ons, and changes which may he made without _
departlng from the sp1r1t thereof. Aocordlngly, it is

_1ntended that the scope of the present invention be

limited solely by the scope of the follow1ng clalms

' including equivalents thereof.

INSDOCID: <WO.__9211927A1_{_>
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1. An apparatus for making a concentrated
emulsion which comprises a circulating loop vessel
including at least two inlet means, at least one outlet
means, and a flow circulating means, and further
comprising

means for introducing a continuous phase into a
first inlet means,

means for introducing a discontinuous phase into a
second inlet means, and '

means for withdrawing an emulsion. from the outlet
means,

wherein the inlets means, outlet means and flow
circulating means are arranged so as to be capable of
producing a concentrated emulsion.

2. The apparatus according to claim 1 wherein
said flow circulating means is a circulating pump.

3. The apparatus according to claim 2 wherein
the pump is a centrifugal circulating pump.

4. - The apparatus according to claim 2, wherein
the pump is a positive displacement pump.

5. The apparatus according to claim 1 wherein
each of the continuous phase introducing means and the
discontinuous phase introducing means comprises a spray
injection means.

6. The apparatus according to claim 5 wherein
the introducing means comprises open-ended pipe
injection means.
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7. The apparatus accordzng to claim 1 further

comprlslng a m1x1ng means which is in fluld
communlcatlon w1th the emu151on outlet means.

8. The apparatus aocord1ng to clalm 5 whereln

 the mix1ng means is a static mlxlng means. . -

_ 9.,.fThe"apparatus acoordingfto"olaim 5 wherein
the mixing meaps_oomprises a homogenizer means.

10.  The apparatus according to claim 1 wherein -
each of the 1n1et means is in fluld communicatlon with
a respectlve meterlng pump. '

: 11. The apparatus'acoording to"claim'i'wherein _
each of the inlet means is at a p051tlon relative to
the flow in the apparatus whlch 1s prlor to the ‘£low

'.clrculatlng.means.

15

'f¢omprises another outlet means is an air venting means. .

20
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12. The apparatus accordlng to claim 1 whereln
each of the 1n1et means are positloned on elther side
of the flow c1rcu1at1ng means. . ' o '

_13; The apparatus'according to.clain'l-further

14. The apparatus accordlng to claim 1 further
comprlsing another outlet means which is a draln.

__;_;_———————f—__f
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