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Resumen.-

Un medio para transportar una dispersién de petrdleo crudo y agua mediante tuberias convencionales. La dispersion es una emulsitn

preparada mediante la combinacian de agua de produccién con peltréleo crude asl como un sistema apropiado de tensoactivos de
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se pueda bombear y transportar via tuberias convencionales, La dispersion, una vez llega a su destino final, s¢ rompe o se separa

mediante une o mas diluyentes apropiados de modo que el petrdleo remanente cumpla con las especificaciones predeterminadas para

procesamiento adicional, es decir, refinar en fracciones més ligeras.
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Resumen.-

Un medio para transportar una dispersidn de petrdleo crude y agua mediante tuberias convencionales. La dispersion es una emulsién preparada
mediante la combinacion de agua de produccién con petréleo crudo asi como un sistema apropiado de tensoactivos de modo tal que fa emulsién se
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- UNITED' STATES

PaTENT OFFICE.

CARL JOHAN LUNDSTROM, OF LITTLE FALLS, NEW . YORE, ASSIGNOR, TO
, " ' D.H'BURRELL & CO, OF SAME PLACE: - - .

LT

T

. - CHEESE-PRESS.

SPECIFICATION forming part of Letters Patent Mo, 528,001, dated October 28, 1804,

“Apptiostion Slod Juse 3% 1897, Sere) Fo 437,041, (omodli

To all whom tt may concern: ..
‘Be it known . that I, Oary JOEAN LUND-
STROM, & subject of the King of Sweder and
Norway, residing at Littlo Falls, in the county
of Herkimer and State of New York, have

“inventad new and: useful ‘Improysmeuts in
Cheese-Presses; of which the following is a
specifteation, - -, . T

Thisinvention relates to that classof cheese

presses in which the pressure is applied au.:

tomatically. It is perticnlarly designed for
use in cheese presses. in. which the - prelioti-
nary pressure isapplied by hand and the final
bressure is eiffected  automatically; but it is
alao applieable’to presses in which the press-
ure {8 applied automatically throughont the

-pressing operation,

"My invention has the object to produce a
simple, durable and efficient devics whereby
the pressure upon the cheeses is-applied an-
tomatically. il :

1o the accompanying drawings consisting
of fonrsheets:—Figure 1isaside elevation of
B cheese press provided with my improve-
menta: Fig, 2 12 a top plan view thereof,

-partly in section. - Fig. 3isa longitudinal ssc:
tional elevation of the. rear portion of the-
press, showing the position of the sntomatic

pressure gear before applying 'the prelimi-

nary hand pressare..  Fig, 4is a similar view, .
ghowing the position of the Alnal pressare.

gear after the preliminary pressure has been
applied. Fig. 5isavertical transverse gection
in line —, Fig. 3. . Fip. 6 is & longitudinal
sectional elevation of the rear portion .of &
cheese press, sbowing a modified conhection
of the shaft of the weight laver with the
foot block and press frame. ‘Fig. 7 is s frag-
mentary lougitudical section, showing the

shaft of - the weight lever supported in fized.

_ bearings on the press frame. Fig.8isa frag-
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mentary longitodinal section,showlog my im-.
-Provements applied to a press in which two.
gangs of cheeses are pressed sim ultaneously.

Like letters of reference refer to like parte
in the several figures. Co .
The press frame consists essentially of lon-
gitudinal side beams A, front and rear cross
pleces a o’ and aupporting legs @', Lo

CS2B001A1_|_>

B represents  the head block or follosvor 50

which-moves lengthwise hetweon the beams.

bis the hand pressure ssrew whereby the .

head block i8 operated and whichis arranged
in & eross bar b’ bagursd withits ends to the

longitodioal beams, .. - . .
- C represents .the longitudinally movable

foot block arranged between the rear portions

of the longitudinal beams, S o
.- D representsa‘gang of .cheese hoops of any
suitable construotion placed betwesn thehead

and-foot blocks in the nsual.mannar, each

55

hoop having a perforated hottom d and a per-" .

‘forated cover or follower d’ and bearing with
its bottom against the follower of the next

koop, 80 that the hoops telescope into each
othar. .. . ‘ :

‘The oot block is gnided in its horizontal

movement by guide rods E which are formed-

55

on the rear side of the foot block and slide

in stationary slesves & formed on the front

side of a supporting plate ¢’ which latter is

piece.

soonred to the front side of the rear oross.

The rear side of the foot block is provided

ceutrally with arearwardly projecting bracket
F having a horizontal gear rack f on its upper
side. Thesnpporting plate ¢’ is provided cen-

“trally on its front side with a forwardly pro-

75

jeeting bracket G having a horizoutal gear '

rack g on its under side, which latter is ar-
ranged above the gear raock f of the bracketF.
- H ropresents -6 gear wheel arrauged be-

tween the brackets F, G; aitd meshing with

both the npper and lower gesr racks f, g.

.This gear wheel 1s secared to the ‘middls of

a transverse shaft I, which latter passes with

its ends through slots i formed lengthwise in
-the longitudinal beams, thereby
the shaft and gear wheel to move lengthwise

in the press frame. = . o :
J represents & lever whereby the foot block

'is operated. ‘This lever is provided at its
Jlower end with two arms j which straddlethe
.press.frameand are secured to opposite ends

of the.shaft I, whilé its upper portion is ar-
ranged contrally above the press frame. .
krapresents a vertically movable cross head

-arranged in rear of the rear oross piece and

raitting

8o

ge .
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gulded with its ends in vertical grooves &’
formed in the upright members %*of a guide
frame which {zsecured to the rear end of the
prees frame. The cross head is provided
with & loop or baill which is connected with
the ugsper end of thelever J by & rope, chain
or cable . The latter runs over & palley m
secured to a transverseshaftn journaled with
its ends in bearings secured to the upright
members k2 of the guide frame,

o represents a box which rests upou the
cross head and is filled with a weighting ma-
terial. -

In the normal position of the patts,ihecross
head is at its lowest point, the lever J stands
upright and the foot block is ia its forward
position, as represented in Fig. 3, in which

osition of the parts the cheeses are placed
Eetween the ‘head and foot blocks. Upon
tnrnin% the serew b in the proper direction
to apply the preliminary pressure to the
cheeses, air and whey ave expelled from the
cheeses and ‘the foot block ia foreed back.
This backward movement of the foot blook
causes its gear rack f meshing with thelower
side of the gear wheel H to tara the latter and
to roll it backwardly on the npper gear rack g.
Asthe uppergearrack isstationary, the back-
ward movementof the gear wheel i8 equal to
one-half of the movement of the foot blook.
This rotative movement of the foot Llock
swings the laver J forwardiy and raises the

_ weighted cross head attached to the lever.
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When the foot block has reached the limit of
it backward movement, the lever J connected
with the gear wheel H has been moved for-
wardly and thaweight has been raised, as rep-
resented in Fig. 4. After the preliminary
pressing of the chesses has been completed,
the pressure which is exerted wpwardiy upon
thelever J by the weighted eross head raises
the lever J and moves the foot blook for-
werdly, which causes-a constant pressure to

be exerted npon the cheases and whereby the |

operation of pressing is compieted.

‘When the lever J Is depresaed it standa at’

an acute angle to the line in which the press-

nre is applied to the same by the weighted:

cross head and the effective force of the
welght is comparatively smali. Asthe lever
rises, owing to the shrinking of the cheese,

tical position. By this means the automnatic
final pressnre which is exerted upon the
cheeses is continuous and inereasesgradoally
a3 the chieeses become more compact.

In the modified construction represented in
Fig. 6, a lever g is substituted for the gear
wheel H. This laver iz secured to the trans-

verse shaft T and has its upper arm ¢’ con-

nected with-the-supporting plate ¢’ by & link
r,while its lowararm q’ isconnected with the
foot block by alink 7%, -
‘In the modified construction represented in
Fig. 7, the shatt to which the gear wheel is

828,001

seoured is mot movable lengthwise of the
press frame, bot turns in fixed bearings s
which are secured to the rear portion of the
press frame.

In the modified construction represented in
Fig. 8, my improvement is applied to a press
in which two gangs of cheeses are pressed
simultaneously. In this construction the
shaft carrying the gear wheel is arranged be-
tween two movable foot blocks T T, each of
which is provided with. & gear rack i be-
tween which the gear wheel is arranged, so

| that the two foot blocks approach each other

while the preliminary pressvre is applied,
and recede from each other while the auto-
matio pressure is applied.

It i3 obvlous that & coil spring mounted in
a barrel or drum may be substituted for the
weight which ia applied to the lever by which
the antomstic pressure is-applied to the foot
block.

Iam awarethat it is 0ot new to-apply press-
ure automatically in a cheese pressand I do
not broadly claim the same. It is also obvi-
ous that the entire pressare can he applied
by the automatic mechanism, in whicg oase

“the head bloek ean be made stationary.

T claim a3 my invention—

1. The combination with the stationary
press frame, the movable head blook and the
sorew by which the head block is moved to-
ward the foot block, of & movable foot block,
a gear rack secured to the foot bloek, a.gear
wheel meshing with sald gear rack, and an
automatic pressuredevice wheroby said gear
whes! is rotated in the direction in which it
moves the foot block toward the head bloek,
substantially as set forth.

2. The ccombination with the stationary

| press frame, the movable head block and the
J-serew by which the head block is moved to-

ward the foot blook, of a movable foot block,
a goar rack seoured to the foot bleck, a sta-
tionary gear rack secnred to the press frame,
a goar wheel meshing with both gear racks,
and an sutematic pressure device whereby
said gear wheel is rotated in the direction in
which it moves the foot blook toward the haad
Mock, substantially as set forth.

3. The combination with the press frame

| and the head block, of & movable foot block
tha effective Jeverage gradually increases un-'

til the lever J hasbesn raised nearly toa ver-

provided with a rearwardly projecting gear
rack, a supporting plate secured to the press
frame and provided with a forwardly pro-
jeoting gear rack, a transverse shaft provided
with a gear wheel meshing with' hoth -gear
racks, & lever connected at one end with gaid
shaft, and a weight coonected with the oppo-
site end of said lover, substantially as set
forth.

4. Thecombination with the presstrame,the
movable head block and the pressure:sorew
whereby the head block is moved, of a mov-
able foot block provided with & rearwardly
projecting gear rack, a forwardly projecting
gear rack seonred to the press frame, a trans-
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. verse shaft provided with a gear whael mesh-

ing with both gear racks, a Jever seoured with
its lower end to sald shaft, a gnide frame se-
oured to the press frame aud provided with
& pulley, a vertically movable oross head ar-
ranged ingaid guide frame and provided with
a weight, and a cable connecting the upper
end of snid lever witk the cross head and

passing around said pnlley,ﬁﬁbsta_ntially as
set forth. : 10

Witness my hand this 18th day of June,
82, :

CARL JOHAXN LUNDSTROM.
Witnesses:’ ) : )
GEO0. B. WHITE,
W. Q. FrrcH.

18

Y o



-~

EP 0 414 424 A2

BNSDOCID: <EP

Europdisches Patentamt ”Hﬂ
0' European Patent Office

AR Rk

Office europsen des brevets @D Publication number: 0414 424 A2
® EUROPEAN PATENT APPLICATION
@) Appfication number: $0306837.5 & Int. 1.5 BO1D 17/04

@ Date of flling: 10.08.90

@) Priority: 24.08.89 GB 5918244 () Applicant: The British Patroleum Company

p.l.o.

(®) Dats of publication of application; Britannic House Moor Lane
27.02.91 Bulletin 91/09 London EC2Y 98U(GB)
Designated Contracting States: @ Inventor: Taylor, Spencer Edwin
BE DE FR GB IT NL Tha British Petroleum Company p.l.c,
Chartsoy Road
Sunbury-on-Thamaeasg, Middlesex, TW16
7LN(GB)

() Reprosentativa: MacLeod, Malcolm et al
BP INTERNATIONAL LIMITED Patonts
Division Chertsey Road
Sunbury-on-Themes Middizsex TW16
7LN(GB)

) Method for breaking emulsions.

& A method for recovering the surfactant from a dispersion or emulsion of oll and water containing a
tomperature sensitive surfactant which method comprisas the steps of haating the dispersion or ermulsion to a
temperature above the cloud point of the surfactant under conditions of temperature and aquecus phase salinity
such that the dispersion or emulsion breaks and separates Into an ofl layer, an saqueous jayer and a surfactant
layer, and recoverlng the surfactant layer.

The recovered surfactant may be recycled for use in preparing further quantities of dispersion or emulsion,
thus rendering the operation more aconomic.
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METHOD FOR BREAKING EMULSIONS

This invention relates to a method for breaking & dispersion or emulsion of oil and water and recovering
the surfactant used in the formation of the disperslon or emulsion.

Emulslons of oif and watsr are well known, Thesa may be in the form of cil-in-water emulsions (O/W) or
water-in-oil emulsions (W/O). In order to prepare stable emulsions, a surfactant is generally employed. This
may be a ternperature sensitiva surfactant, ie, one which is more water soluble at Jower temperatures and
more ail soluble at higher temperatures.

A particular application of O/W emulsions is in the transportation of crude oll emulsions, particularly
emulsions of heavy crude oils which are too viscous in thernselves to be pumped through a pipeline. The
emulsions may be transported to rofinerias where they may be broken by the application of heat and
separated into cil and agueous phases, with the oil phase being processed and the aqueous phase
discarded as effluent which, howsver, requires treatment prior to discharge.

Attempts have boen, made in the past to recover surfactants from emulsions.

USP 4518038 disclosas a process for extracting surfactant from produced emulsions by concentrating
the surfactants into a relatively small volume emulsion middle phase (between oll and watar phasas) which
can be re-utilised In surfactant flooding.

This process raquires the use of a hydrotropic extracting agent and leaves the surtactant as the major
component of & micreemulsion.

To the best of our knowledge, no method has yet been devised for recovering the surfactant from
broken emulsions without the use of an extracting ageml. This, therefore, represents a considerable
economic loss and, in addition, the surfactant If present In the zquecus phase scan give rise to effluent
treatment problems asnd the surfactant if present in the oil may have undesirable repercussions on
subsequent refining processes.

When an emulsion containing a temperature sensltive surfactant is broken at elevated temperature one
might expect that the surfactant would tend to pass predominantly from the aqueous phase into the oll
phase with parhaps the formation of an intermediate layer containing ofl, water and a relatively high
concentration of surfactant.

We have surprisingly discovered that under certain conditions this does not happen, and the surfactant,
instead, soparates out as a distinct, dense layer balow the aquecus layer, which can readily be recoverad
and re-used.

The reasons for this effect ars not yet fully understood but it is believaed that important parameters
affecting it include the temperatura at which the emulsion Is broken, the viscosity of the oll phase at this
temperature, the salinity of the aqueous phass, and the relative densities of the oil, water and surfactant
phases.

Thus according to the present invention there is provided a methed for recovering the surfactant from a
dispersion or emulsion of cil and water containing a temperature sensitive surfactant which method
comprises the steps of heating the dispersion or emulsion to a temperature above the cloud point of the
surtactant under conditions of temperature and aqueous phase salinlty such that the dispersion or emulsion
breaks and separates into &an oil layer, an aqueous layer and a surfactant layer, and recovering the
surfactant.

The racovered surfactant may be recycled for use in prepering further quantities of disperson or
emulsion, thus rendering the process more sconomic,

The tempaerature, the salinity, and also the oil droplet size are interrelated and certain guidelines hava
besn established. Within these guidelines, opsrating conditions for any given dispersion or emulsion can be
determined by simpie experiments. )

In general, the ease with which a dispersion or emulsion can be rasolved into three components
depends on the oil droplet size, the salinity of the aqueous phase and the temperature.

The presenca of a salt, eg, sodium chloride, even in smail quantities, encourages the separation of the
surfactant layer and therefore this is preferably added, if not initially present.

In practice, i{ dispersions or emulsions are made in the fisld from crude oil and co-produced connate
watar, it will frequently be unnecessary to add salt since the connate watar itself will often contain sufficient
quantty.

The age of the disparsion or emulsion Is perhaps also significant. Tha younger It is, the easier it is
likely to be to resolve it.

Suitable temperatures will generally te found In the range 100" -140°C and suitable salinities in the
range 0.1 to 1% by weight of the aqueous phase.

041442482 ) >
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Although dispersions may be treated in the abiove manner, the method Is particulariy applicable to the
treatment of emulsions, espactally emulsfons of the oil-in watar type.

The oit is preferably a hydrocarbon oil, although non-hydrocarbon olls may be used. Parlicularly
suitable oils include crude olls, especially the viscous, heavy and/or asphaltenic crude oils to be found in
Canada, the USA and Venezusla; for sxample, Lake Marguerite and Wolt Lake crude oils from Alberta,
Hewitt crude oil from Oklahoma and Cerro Negro bituman from the Orinoco Oil Beft.

Preferably the API gravity of the crude ol is in the range 5 to 207, altheugh the method can be
appliad to amulsions of crude oils outside this APl range.

The invention Is particularly applicalie to the recovery of surfactants from HIPR (High Internat Phase
Ratio} emulsions of viscous crude oils in water, Including difuted HIPR emulsicns. The preparation of such
emulsions and their subsequent dilution Is disclosed in European patent application 0158486-A2,

The msthod comprises diractly mixing 70 to 98% by voiume of a viscous ofl having a viscosity in the
ranga 200 to 250,000 mPas at the mixing temperature with 30 to 2% by volume of an aqueous solution of
an emulsifylng surfactant, percentages being expressed by volume of the total mixture, mixing belng
effected under low shear conditions in the rangs 10 to 1,000 reciprocal secands in such manner that an
smulston fs formed comprising distorted oll droplets having mean droplet diameters in the range 2 to 50
micron separated by Interfacial films.

The HIPR emulsions as prapared are stable and can be diluted with aqueous surfactant solution, fresh
water or saline water to produce emulsions of lowsr oil phase volume showing high degrees of monodisper-

2¢  sity. The emulsions may be diluted to a required viscosity without adversely affecting stability, Because the
namow size distribution and droplet size are maintained upon dilution the resuling emulsion shows lttie
tendency to creaming. It is also important that the viscous oll and water have similar densities, These
factors reduce the risk of phase separation occurring,
The emulsions, particularly when diluted, are suitable for transportation through a pipeline.
26 Suitable temperature sensitive surfactants can be represented by the lormula:
R(EQ},{PO),R"
wherein R is a branched or unbranched alkyl group contalning 4 to 20 carbon atoms or an alkyl phenyl
group of formula:
30 Rz
35 3
wherein R2 is a branched or unbranched alkyl graup containing 1 to 20 carbon atoms and R is a hydrogen
atomn,
or R2 and R® are both branched or unbranched alky! groups containing 1 to 20 carbon atoms,
% E0isan ethylens oxide group,
PO is a propylene oxide group,
n Is a number in the range 1 to 50, preferably 5 to 25, m Is 2 numbsr in the range 0 to 20,
R' is an -OH radical, a sulphate or & sulphonate group.
The preferred surfactants are alkyl phenol ethoxylates, most preferably nonyl phenol sethoxylates,
@ containing approximately 15 to 30 ethylene oxide groups per molscule, most preterably about 20.
The surfactants are suitably employed in amount 0,1 to 5% by weight expressed as a percentage by
weight of the aqueous phase of the emulsion,
Asphaltenes, porphyrins and similar high molecular weight compounds, if present In the oll, may
precipitate in association with the surfactant, and thus dispersion breaking or emulsion breaking may
80 simuttaneously effect deasphalting and demetallisation of the oil.
Such compounds can easily be removed from tha surfactant, thus rendering the latter sultable for re-
use.
According to another aspect of the present invention thers s provided a method tor the transportation of
a viscous oil which mathod comprises tha steps of
5 {a) directly mixing 70 to 88%, preferably 50 to 90%, by volume of a viscous oil having & viscosity in the
range 200 to 250,000 mPa.s, preferably 2,000 to 250,000 mPa.s, at the mixing temperature with 30 to
2%, preforably 20 to 10%, by volume of an agueous solution of a temperature sensitive surfactant,
percentages being expressed as percentages by volume of the total mixture; mixing being effected
3
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under low shear condlitions in the range 10 to 1,000, preferably 50 to 250, reciprocal seconds In such
manner that an HIPR emulsion [s formed comprising distorted oil droplets having mean droplet diameters
in the range 2 to S0 micron separated by interfacial films,
(b} dituting the HIPR emulslon with an aqueaus phase to a deslred viscosity and concentration, eg to an
emulslon containing 30 -50% by volums of the agueous phass,
{c) transporting the diluted emulsion through a pipaline,
(d) heating the diluted emulslon 1o a tamperature above the cloud point of the surfactant under conditions
of temperature and agueous phase satinity such that the diluted emulsion breaks and separatas into an
oil layer, an agueous layer and a surfactant layer,
(@) recovering the surfactant layer, and
{f} recycling the recoverad surfactant by dissolving it in water and utilising the resulting solution in Step
(a).

Tha invention is Hlustrated by but not limited with referance to the following Examplos and Figures 1A,
1B, 2A, 2B and 3 of the accompanying drawlngs.

Examples

Wolf Lake crude oll (WLCO)having an AP Gravity of 1037, was used as the heévy il phase in both
the neat form and blended with 30% naphtha as a diluent. Tho surfactant, NP20, was & nonylphenol
ethoxylate contalning an average of 20 moles of ethylene oxide per molecule. The salt was sodium chioride.

The HIPR derived emulsions of Examples 2 and 3 stabilised with 2.5 or Swt% NP20 in the aqueous
phase were prepared by the two stage method described in EP 0156486-A2. The coarse dispersion of
Examplse 1 was prepared in the same equipment but in one stage using a 50/50 blend of it and agquaous

phass.

Phase Behaviour Studles

Samples of the relevant heavy oll and aqueous phases were sealed In phase tubes (total volume ca
12ml) made from 10mi graduated glass pipettes. These tubes were then incubaled at the required
temperature (typically > 90'0) in an oven fitted with an observation window, and the phase

behaviour/femulsion resolution monitored for 24 hours. The series of systems examined in this study are
given In Table 1.

D414424A7_|_>
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Table 1
Example ] Phase volume (ml) Aqueous phase Comments
5 Composition (wi%:}
Ol } Aqueous | Surfactant Salt
1A 5 5 25 o Coarse dispersion
1B 0.1 of WLCO in
1C 0.5 relevant agueous
1a phases
1D 1.0
1E 5 5 8.0 0
, 1F 0.1
§ 1G 05
1H 1.0
2A 65 35 2.5 0 65wt%
2B 0.1 HiPR-darived
20 2C 05 WLCO-in-water
emulsion used
2D 1.00
2E 6.5 35 5.0 0
26 2F 0.1
2G 0.5
2H 1.0
3A 75 25 25 0 1:1 (viv) mixture
30 3B 0.1 of 50% HIPR
3c 0.5 derived
3D ' 1.0 WLCO-in-water
emulsion and
WLCO/blend
a5 3E 75 25 5.0 ]
3F 0.1
3G 0.5
3H 1.0
40
Example 1
“ Coarse dispersions were prepared of WLCO in aquecus phasss contgining the concentrations of
surf?ctant and salt set out in Table 1 and the phase separation investigated at temperatures of 90" and
105 C.
At 90° C the eHect of a prolonged Incubation time was merely to promote separation of the oil and
50 water phases into an upper layer of oil and a lower agueous layer with no surfactant saparation. However, at
the higher temperature, substantial differances resulting from the ditferent salt concentrations were appar-
ont. Although there was little effect of salt concentralion on the overall phase separation process,
differances In the quality of the aqusous phase were revealsd at the higher temperatura, with ths presence
of salt clearly an advantage. For this system a temperature of 105° C was sufficient to promote surfactant
a5 phase saparation into a third layer below the water layer.

The phase separation behaviour of this system is illustrated in Figures 1A and 1B. The clear area
represents the oil phasse, the wide hatching the afueous phase and the narrow hatching the surfactant
phase. Figure 1A reprasents the behaviour of the systsm contalning 2.5% NP20 and Figure 1B the system
containing 5% NP20.

5
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Example 2

HIFR emulsions were prepared of WLCO in aquecus phases containing the concentrations of surfactant
and sait st out in Table 1 and the phase separation investigated at temperatures of 105° and 125° C.

In contrast to the behaviour obsarved for the coarse dispersion, the emulsion system required the
hgher temperature of 125° C to induce efficlent phase separation into the three layers atthough emulsion
resolution commenced at 105° C. In this system also, the presence of salt in the aqueous phase improved
the quality of the separated aqueous phase for both surfactant concentrations.

The phase separation behaviour of this system is illustrated in Figures 2A and 2B. In this case, the clear
area roprasents the ail or smulsion phass, the wide hatching the aguous phase and the narrow hatching the
surfactant phase. Figure 2A ropresents the behaviour of the system containing 2.5% NP 20 and Figure 2B
the system containing 5% NP 20.

Example g

In an attempt to simulate the co-treatment of WLCO emuisions and blended WLCO (e, containing a
diluent), at, for example, a refinery, the high temperature phase separationfesolution of a 1:1 (by volume)
mixture was examined as described above for Example 2.

The behaviour was analogous to the behaviour of the emulsion itsalf, allowing for the raduced volume of
the separated water and surfactant phases. Also consistent with the previous examples was the beneficial
offect that the presence of sak had on the quality of the separated water.

The phase separation behaviour of this system is illustrated in Figure 3, with the same symbolism as for
Figure 2. Figure 3 represents the behaviour of the system containing §% NP 20,

These results demonstrate the separation of surfactant in the presence of salt in the region of 100" -
130" C. In the presence of heavy oil, the temperature at which surfactant separation occurs varies shightly,
depending on whether the oil Is coarsely dispersed or emulsified. Of significance is the effect of salt
concentration, in which the effects of even a low concentration of salt are evident,

Healing a coarse dispersion of a heavy oil in aguecus NP20 solutions to temparamres in excess of
100° G promates the separation of a dense surfactant-rich phase.

When the heavy cil is present as emuisliled droplets the emuision is simultaneously broken when the
surfactant phase separates.

Emuision resolution and surfactant phase separation also occur for mixtures of blendad and emulslfisd
heavy oil.

Claims

1. A mathod for recovering the surfactant from a dispersion or emulsion of oil and water contelning a
tomperature sensitive surfactant characterised by the fact that the methad comprises the steps of heating
the dispersion or emulsion to a temperature ahove the cloud point of the surfactant under conditions of
temperature and aqueous phase salinity such that the dispersion or emulsion breaks and separates inte an
oil layer, an aqueous layer and a surfactant layer, and recovering the surfactant layer.

2. A malhod accordlng to claim 1 wherein the disparsion or emulsion is heated to a temperature in the
range 100 140" C,

3. A method according to either of the preceding claims wherein the aqueous phase containg 0.1 to 1% by
waight salt.

4. A method according 1o any of the preceding claims wherein the ofl is a crude petroieum oil.

5. A methad according 1o clalm 4 wherein the crude oil hes an API gravity in the range 5 - 20°.

6. A method according to claim § wherein the emulsion is an HIPR emulsion or derived fram an HIPR
amulsion.

7. A methad according to claim 6 wherein the HIPR amulsion Is prepered by directly mixing 70 to 98% by
volume of a viscous oil having a viscosity in the range 200 to 250,000 mPa.s at the mixing temperature with
30 to 2% by volume of an agueous solution of an emulsifying sufactant, percentages being expressed as
percentages by volume of the total mixture, mixing belng effected under low shear conditions in the range
10 to 1,000 reciprocal seconds in such manner that an emulsion is formed comprising distorted il droplets
having mean droplet diameters in the range 2 to 50 micron separated by interfacial flims.

8. A method according to any of the preceding claims whersin the temperature senstive surfactant is

_ D414424A0 ) _»
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reprasented by the formula:

R(EQ)(POImRA

wherein R is a branched or unbranched alkyl group containing 4 to 20 carbon atoms or an alkyl phenyl
group of formula:

R?

10 23
wharein R? is a branched or unbranched alkyl group containing 1 to 20 carbon atoms and R3 Is a hydrogen
atom,
'8 or A2 and R? are both branched or unbranched alkyl groups containing 4 to 20 carbon atoms,
EQ is an ethylane axide group,
PQ is a propylene oxide group,
nis a number in the range 1 to 50,
m is a number in the range 0 to 20, and
? Riisan =-OH radical, a sulphate or a sulphonate group.
9. A methed according to claim 8 wherein the temperature sensitive surfactant is an alky! phenol othoxylate
containing 15 - 30 sthylene oxide groups per molecule.
10. A method according to claim 8 wherain the tomperature sensitive surfactant is a nonyl phenol
sthyoxylate containing 20 athylane oxide groups per molecuie.
% 11. A method according fo any of the preceding claims wherein the surfactant is used In amount 0.1 o 5%
by weight of the aquous phase of the emulsion.
12 A method for the transportation of & viscous oll which methed comprises the steps of
(a} directy mixing 70 to 98%. by volume of a viscous ol having a viscosity in the range 200 to 250,000
mPa.s, at the mixing temperature with 30 o 2%, by volume of an aqueous solution of a temperatura
a0 sensilive surfactant, percentages being expressed as percentages by volume of the total mixture; mixing
being effectad under low shear conditions In the range 10 to 1.000 reciprocal saconds in such manner
that an HIPR emulsion is formed comprising distorted oil droplets having mean droplet diameters in the
range 2 to 50 micron separated by Interfacial films,
(b} diluting the HIPR smulsion with an aqueous phase to a desired viscosity and concentration,
35 () transporting the diluted emulsion through a pipeline,
(d} characterised by the fact that the diluted emulsion Is heated to a temperature above the cloud point
of the surfactant under conditions of temperature and aqueous phase salinlty such that the diluted
emulsion breaks and separates into an ol layer, an aqueous layer and a surfactant layer,
(6) the surfactant layer Is recavered, and
“ (f) the recovered surfactant is recycled by dissalving it in water and utilising the resulting solution in Step
{a).
13. A mathod according to claim 11 wherein the HIPR emulsion Is diluted to an emulsion contairing 30 -
50% by volume of the aqueous phass.
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FIG. 1B
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1

METHOD OF PRODUCE LOW VISCOSITY
STABLE CRUDE OIL EMULSION

This is a continuation-in-pant of application Ser. No.
08/253,148 filed Jun, 2, 1994, gow abandoned,

TECHNICAL FIELD

The invention is directed to heavy crude oil emulsions,
fuel 0il emulsions, and the like, and Lhe preparation thereof,
Such emulsions have a substantially wniform il droplet size,
are well suiled for transportation of heavy crude through
pipelines, and are dircctly combustible as a fuel,

BACKGROUND OF THE INVENTION

The movement of heavy crude through pipelines is dif-
ficult. The pumping of heavy erude, fuel oil, and the like is
difficult because of the high viscosity of these materials and
their resulting low mobility, A known method in the prior art
for transporting these heavy, viscous crudes is the addition
of lighter hydrocarbons, ele, (o the beavy, viscous crudes by
& technique such as distillate blending, This technique is
expensive as il requires the addition of cxpensive, light
crudes to transport the heavy, less valuable crude. Also, light
crudes are more difficult to obtain than the heavy crudes.

Another known method for the transport of heavy, viscous
crude is by healing the crude af frequent intcrvals along the
pipeline. This method requires expensive heat ing equipment
to be installed along the pipeline, and also requircs mainte-
nance of this equipment. This method also resuls io a loss
of production that can amount 10 15% or more of the crude
being transferred, the loss resulting from the crude or other
encrgy source utilized to heat the crude.

Yet another method involves the pumping of viscous
hydrocarbon through a pipeline surrounded by a lighter
viscosity liquid, such as water. In such cases the pressure
drop through the pipeline is substantially that of the lighter
viscosity liquid. This melhod of transportalion has several
disadvanlages, however, The major disadvantage is the loss
in core HBow stabilily while being pumped over long dis-
1ances. Slope changes, pipeline diameter changes, transport
through booster or repumping stations, and the like expedi-
ents arc all detrimental to stability. Also, if flow ceases for
any reason, the fluid becomes very dificull (o pump when
transport is resumed, as the core intermixes with the outer
layer once the flow of the fluid is ceased or otherwise
interrupicd,

The use of emulsions 1o transporl heavy crude is also
known in the art. Emulsions are typically prepared by adding
2 mixture of surfactant, blend of surfactants, stabilizer,
corrosion inhibitor, pour point depressor and alkaline or
neutral pH waler to the heavy crude. However, these prior art
emulsions fail to optimally reduce viscosity and improve
stability of the emulsion while the emulsion is being trans-
ported through the pipeline.

Also, convenlional systems prepare the heavy crude oil
emulsion by conventional mixing using static or dynamic
mixers in addition to other preperation steps. Af various
stages in such a conveniional system, as the emulsion is
prepared, the emulsion is first mixed and then pours out of
pipes directly into tanks. U.S. Pat. No. 5,000,872 1o Olah
illustrates such a conventional system in which, for example,
the emulsion travcls through & static mixer just before
pouring into a final emulsion tank at the entry o the
transport pipeline. In such a system an opportunity for
producing droplets of a uniform size without the need for
additional mixers is lost.
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0

35

0

S5

60

p

Heavy crude emulsions, as well as methods of making
such emulsions are disclosed in U.S. Pal. No. 4,618,348 1o
Hayes el al.; U.S. Pat. No. 4,781,207 to Balzer et al.; US,
Fal. No. 4,265,264 10 Sifferman; and European Patent No. 0
156 486 A2 to Chirinos et al. The emulsifiers utilized in Ihe
prior art are numerous. The emulsions in the prior art are
manufactured using a variety of mixing conditions and
techniques. However, the emulsions of the prior art are
difficult 1o break down into water and oil. Furthermare, the
emulsions of the prior an have not been oplimized for
viscosity and slability to effect efficicnl transport of these
emulsions through pipclines and ultimate utilization,

It bas now been found thal cerain combinations of
anionic, nonionic and/or amphoteric emulsifiers, cptionally

# 1a combination with natural and/or synthetic stabilizers,

such as gum, gelatins, carboxymethylcetiulose, and the like,
when blended at certain shear rates with heavy crude, fuel
oil, or the product hottoms from oil barrels, provide an
improvement over prior an emulsions. Preparing the emul-
sions under optimum mixiag conditions further enhances
their propertics. The resulting emulsions form reduced vis-
cosity fluids of controlled stability which fluids can be
transporied with less effort and which can be utilized more
cfiiciently at the desired destination.

In addition, tccording 1o this invenlion, a diffuser is
attached to the end of pipes through which the emulsion
must flow to enter an emulsion tank. As the oulpui of 1he
diffuser sprays inlo the 1ank droplets of a more uniform and,
if desired smaller, size than produced by conveational
systems are formed.

SUMMARY OF THE INVENTION

The present invention provides a relatively fow viscosity,
slable emulsion of heavy, crude hydrocarbons in waler, as
well as a melbod for making this emulsion. The heavy crude
bydrocarbons are emulsified under shearing conditions and
can be heavy crude oil such as Colombian Casiilla or
Rubiales crude oil, fucl oil with a viscosity of about 50 0
about 2,200 Sayboll Furol Seconds (SSF) at 122° F., the
product bottoms from oil barrels, paraffinic crudes, direct
water-in-oil ¢mulsions, and the like.

An oil-in-water emulsion embodying the present inven-
lion is prepared under controlled fivid dynamic paramciers
and contains approximately 60% to 859%, preferahty 70% to
85% by volume of heavy, viscous crude dispersed in
approximately 40% 1o 15%, preferably 30% 10 15%, by
valume of an aqueows solution of emulsifiers and,
optionally, other addilives. The emulsion has a substantially
uniform particle size, preferahly having a sigma (o) value of
less than about 1.25, and requires less energy for pumping.

The crude oil or heavy crude hydrocarbons can contain
relatively large amounts of asphallenes and metals, and has
a specific gravity usually in (he range of about 5° AP (0.108
Kg/1) to aboul 30° API (0.676 Kg/1). The emulsifiers can be
amionic, nonionic, ampholeric, as well as mixtures thereof.
These emulsifiers are present in the produced emulsion at a
concentration in the range of about 200 ppm 10 about 10,000
ppm.

The emulsificrs suitable for making the present cmulsion
can be anionic emulsifiers such as the sodium alkyl benzene
sulfonates, the alkyl sulfonates, the alkyl suifates, sodium
diaciyl sulfosuccinate, and the like. Nonionic emulsifiers
such as alkylaryl polyether alcohols, cither alone or in
combination with the anionic emulsificrs disclosed herein-
shove also provide emulsions with the desired properties,
Nonionic crnuisifiers, if present, are present in an amoun of
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about 0.05% (500 ppm) to about 0.5% (5000 ppm) by
volume. lllustrative amphoteric emulsifiers suilsble for
present purposes are polyethoxyline amine and oxyethylated
sodium salis.

Astabilizing ageni can optionally be incomorated into the
emuision, especially if the emulsion is to be stored for an
extended period of time and/or transported relatively long,
distances. The stabilizer can be of either natural or syathetic
origin. Examples of suitable stabilizers are gums, gelatins
and synihetic hydrophilic polymers such as the water-
soluble anionic lincar polymers, e.g., sodinm carboxymeth-
yleellulose.

The salinity of the ¢rude hydrocarbons to be emulsified,
and thus of 1he resulting emulsion, can be as bigh as 50,000
ppm of sodium chloride (NaCl} at a temperature in the range
of about 10° C. (50° F.) to sbowt 60° C. (176° F.). The pH
of the emulsion has a value in the range of about 4 to about
13, and is adjusted to this range by (he addition of an
aqueous solution of an alkali metal hydroxide such as KOH,

NaOH and the like, or an alkaline carth metal hydroxide 2

such as Ca(OH).. Buffering compositions can also be uti-
lized for this purposc in order to enhance the long-term
storage stability of the present emulsions.

The metbod for making the present emulsions requires
combining the heavy viscous hydtocarbon, which may con-
tain some waler, with water, emulsifier and, optionally, a
stabilizing and/or an alkalinily agent al a stirring speed of
about 50 rpm to about 2000 rpm, preferably al & speed in the
range of about 400 to about BOU rpm. These mixing specds
correspond to shear rates of about 0.1 sec™? to about 20 sec™
al a power inpul of about 0.1 hp 10 about 0.75 hp, preferably
about 0.1 hp 1o about 0.5 bp, for every 1000 barrels (1
barrel=42 std. U.S. gallons) of cmulsion. At this shear rate
and power input per unit volume an oil droplet size of no

more than about 40 ;m in at least abaut 95% of the emulsion ™

volume can be obiained as the agitation is conlinued.

The method of this invention can be practiced in batch,
semi-balch or continuous manoer, and is performed by
adding small amoums of an cmulsifier or group of
cmulsificrs, with or withow en alkalimity agent, to heavy
crude oil or other beavy hydrocarbons to be emulsified. The
added emulsifiers amount to about 200 ppm by volume 10
aboul 10,000 ppm by volume of the emulsion. A stabilizing
agent can also be added. Also, emulsions embodying the
invention disclosed herein can be prepared from other,
previously prepared viscous water-in-0il emulsions. When
emulsifiers are added 10 both the vil phase as well as the
aqueous phase, the emulsificrs can be the same or diffcrent
depending upon the properties of the oil and the desired
emulsion. To disperse the oil {the dispersed phase) in the
continuous phase (water and emulsifiers, plus, optionally,
other ingredienis) a mixer adequale 0 generale & mean
droplet size no greater than about 30 yum and a droplet size
of no more than about 40 um in at least about 95% of the
emulsion, based on volume, prefemed,

Another embodiment of this invention employs a diffuser
al the end of pipes which feed into emulsion tanks. This
diffuser causes the droplets in the emulsion to elongate in
such a way that droplets of uniform size are formed in the
tank.

One object of this inpvention is to provide a method for the
preparation of an oil-in-water emulsion baving the steps of:
(1) combining abow 0% 10 about 85% by vaolume of a
hydrocarbon having a specific gravity of about 5° 10 abom
30° APl (American Petrolcum Institute standard), in about
15% 1o aboul 40% by volume of a1 aqueous solulion to form
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an aqueous hydrocarhon mixture, the agueous solution com-
prising waler and an cmulsifier baving a hydrophilic-
lipophilic balance (HLB) value of about £3.5 to about 16, the
emulsifier comprising an anionic cmulsifier and 3 non-ionic
emulsifier; and (2) dispersing the hydrocarbon in the aque-
ous solution of the aqueous hydrocarbon mixture using
agitation al a rate of speed of about S0 (0 about 2000
revolutions per minute and a shear rate of about 0.1 10 about
20 second™ at a power input of abowt 01 10 about 0.75
horszpower per 1,000 barrels of the aqueous hydrocarbon
mixture for a period of time sefficient to produce an oil-in-
water cmulsion having a viscosily in the range of 5 1o 50
centipoise ai 38° C, (100° F) and stable uniform droplet
sizes in the range of 15 (0 40 micrometers. Also, this
invention includes one or more of the following steps: (1)
mixing about 80% 1o ahout 99% heavy crude oil or residuals
in a temperature range of 100 degrecs and 335 degrees
Fahrenheil, and about 20% 10 about 1% of lighter crude oil
or diluent (such as a light crede oil having a specific gravity
of 18.5 degrees APl (American Petroleum Institule
standard})) 1o form tbe bydrocarbon having a viscosity of
about 200,000 centipoise; (2) diffusing the hydrocarbon into
the aqueous solution; and/or (3) sdding stabilizers to main-
tain a pH valee in the range of about 4 (o abowt 13, the
stabilizer selected from the group consisting of: alkali metal
hydroxide, hydrochloric acid and alkaline carth metal
hydroxide. Furthcrmore, the agitating step can be continued
until at least 95% by volume of the oil-in-water emulsion has
an oil droplet size of no more than 40 micrometers and the
agitating step can be performed on line using static mixers
and/or with a blade-type impeller.

En addition, this invention provides tbe anionic emulsifier
having a coneentration of about 200 1o aboul 10,000 panis
pet million by volume of the oil-in-waler emulsion and/or
the non-ionic emulsificr having a concentration of about 500
to abaut 5,000 pans per million by volume of the oil-in-
waler emulsion. Also, this invenion provides that the emul-
sifiet is: (1) nonylphenol exthoxylate baving an hydrophilic-
lipophilic balance (HLB) value of about 16 and comprising
20 cthylene oxide wnits per molecule; (2) ociylphenol
¢thoxylate having an hydrophilic-lipophilic balance (HLB)
value greater than 13.5; (3) nonylphenol exthoxylate having
a hydrophilic-lipophilic balance (HLB) value greater than
13; and/or (4) diocty] sulfosuccinate having a hydrophilic-
lipophilic balance (HLB) value greater than about 13. Alsa,
this invention provides ihat the aqueous solution includes a
stabilizing agent. In addition, this iovention provides the
diffusing step performed with an stomizer device driven by
air impulses,

Another object of this invention is to provide an emulsion
having: (1) about 60% 10 about 85% by volume of a crude
oil having a specific gravity from about 5 degrees to about
30 degrees APl (American Petroleum Institue standard),
and (2) about 40% 10 about 15% by volume of ap aqueous

s solution comprising waler and an emulsifier having a

bydrophilic-lipophilic balance (HLB) value of about 13.5 10
about 16, the emulsifier comprising anionic and non-ionic
emuisitiers having a concentration from about 200 to about
10,000 parts per million by volume of the oil-in-water
cmulsion, such thal the viscosily is in the range from about
5 10 350 centipoise at a temperature of 100 degrees Fahr-
enbeil; and wherein the droplet size is substantiaily uniform
aod is po greater than aboul 40 micromelters. Further, this
invention provides for the non-jonic emulsifier having a
concentration from about 500 w0 5,000 pans per million
and/or the apionic cmulsifier having a concentration from
aboul 200 10 10,000 pans per million, Also, this invention
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provides the emulsion including a stabilizing agent, In
addilion, this invention provides the emulsion having: (1) a
dynamic viscosily at ambient (emperature of no tmore than
about 50 Pas, and/or 3 particle size distribution having a
sigma value of less than about 1.1,

A further object of the invention is to pravide a method of
producing energy having the step of combusting an emul-
sion having about 60% lo aboui 85% by volume of 2 crude
oil having a specific gravity from sbow 5 degrees to about
30 degrees APl (American Petroleum [nstitute slandard);
and about 40% to aboul 15% by volume of an aqueous
solution comprising water and an emulsifier having a
hydrophilic-tipophilic balance (HILB) value of ahout 13.5 to
about 16, the emulsifier comprising an anionic emulsifier
and a non-jonic emulsificr and baving a concentration from
abowt 200 to about 10,000 paris per million by volume of the
oil-in-water emulsion; such thal the viscosity is in the range
from aboul 5 to 350 centipoise at a temperature of 100
dogrees Fuhrenheit; and wherein the draplet size is substan-
tially uniform and is 0o greater than ahout 40 micrometers.

A Further object of this invention is to provide a deviee for
forming crude oil droplets of substantiatly uniform size in an
emulsion having: (1) an inlet having at leasi one receiving
passage connecied o an end of a pipe; (2) a main body
connccted to the receiving passage for receiving erude oil
from the pipe; and (3) a terminator connccled to the main
body having at lcast ofic exit passage, such that oil droplets
are elongated by (he exit passapes 80 as to form dropleis of
the substaniially uniform size in the emulsion, This inven-
tion 2180 provides the main body includicg s chamber
bhaving at least one sidewalf passage, such fhat tlongated
droplets form by flowing into the chamber through the
sidewall passages and ou! of the exit passage. Aiso, lhis
invention provides the main body having a cone shape; and
the ferminator forming a disk at the large end of the cone
shape.

BRIEF DESCRIFTION OF THE DRAWINGS
lo the drawings,

FIG. 1 is a graph showing the cffect of iemperature on the
viscosily of heavy, viscous, debydrated and non-detydrated
crude oil as well as fuel oil;

FIG. 2, illusiratcs the effect of differem emulsifiers on
viscosity and siability of heavy crude oil-in-water emul-
sions;

FIG. 3 illusirates the effect of emulsifier concentration on
viscosity of heavy crude-oil-in-walcr emulsions;

FI1G. 4 illustrates the effect of emulsifier concentration on
droplet size and droplet size distnbution of keavy crude
oil-in-water emulsions;

FIG. 5 illusirates the effect of different 1ypes of emulsi-
fiers on droplet size and droplet size distribulion in heavy
crude oil-in-water emulsion;

FIG. 6 illustrates the effect of oil phase concentralion on
the viscosity of an ail-in-water emulsion at different emul-
sifier concenirations;

FIG. 7 itlustrates the effect of emulsifier conceatration on
the viscosity of an oil-in-water emulsion at various oil
concentrations;

FIG. 8 illustrates the effect of mixing speed on the
visoosity of oil-in-water emulsions with different oilAvater
ratios;

F1G. 9 illusirates the cffect of emulsifier concentration on
the viscosity of emulsions using various mixers and various
mixing speeds;
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FIG. 10 illustrates the eflect of mixing time on the
viscosity of oil-in-water emulsions using various emulsifi-
ers;

FIG. 11 illusirates the efect of mixing speed on the
viscosily of cil-in-water emulsions using various emutsifi-
ers;

FIG. 12 illustrates the effect of mixing speed oo the
viscosity of oil-in-water emulsions al various cmulsifier
concentrations;

FIG. 13 illustrates the c¢ffect of mixing speed on oil
droplel size and droplet size distrihution in an oil-in-water
cmulsion;

FIG. 14 illustrates the effect of the impeller diameter 1o
lank diameler ratio on the viscosily of emulsions with
different cmulsifiers;

FIG. 15 illustrates the effect of the ratio of impeller
diameter 1o tank diameter on viscosity at different mizing
times;

FIG. 16 illustrates the effect of mixing time of droplet size
and droplet size distribution;

FIG. 17 illustrates the ¢ffect of temperature on emulsion
stability;

FIG. 18 illusirates the cfiect of pH on emulsion stability
over time;

FIG. 1% illusirates the Theological behavior of the emul-
sion calculated from pilot plant fiow data as compared to
direct measurements using 2 concentric viscometer;

FIG. 20 illustrates the effect of pumping time on droplet
size and drople1 size distribution;

FIG. 21 is a photomicrograpb of an gil-in-water emulsion
made according to the present invention at 300x maguifi-
cation;

FIG. 22 is a photomicrograph of another emulsion made
according to the present invention at 160x magnification;

FIG. 23 is » graphical representation of the particle sizes
and particle size distributions of the emulsions shown in
FIGS. 21 and 22;

FIG. 24 is a cross-sectional view of a nozzle system
dilTuser according to one embodimen of the subject inven-
tion; and

FIG. 25 is a cross-sectional view of a cone-type diffuser
according (o one embodiment of the subject invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Readily pumpable heavy crude oil-in-water emulsions of
relatively low viscosity can be prepared under coatrolled
shearing conditions using a variety of emulsificrs having a
Hydrophilic-Lipophilic Balance (HLB) value in the range of
sboul I3.5 to about 16,

Emulsifiers can be used either singly or in combination
with other emulsifiers of the same family, although having
a different HLB value or a mixture of two or more cmulsi-
fiers of different compatible families, as long as the HLB
value of the combination remains within the aforesaid range.
The HLB vsaluc of an cmulsifier quantifies the relative
simultancous atiraction thereof for water and oil N is deter-
mined by the chemical composition of the crulsificr and the
exteat of its jonization. For example, ionic emulsificrs
change HLB values radically with a change in pH and/or sali
conient of an cmulsion, whereas non-ionic emulsifiers
exhibil & more ncarly constant HLB uvader such circum-
stances. The emulsifier for practicing the present inveation
can be either anionic, nonionic, amphoieric or mixiures
thereof,

JZ-
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The opumum, and thus preferred, emulsifiers for the
emulsions conlemplated by the present invention are those
which provide oplimum viscosily, siability and interfacial
tension lo the emulsion. The emulsifier is mixed with watee,
Oil is lhen combined with the resulting mixture, The opli-
mization of the present emulsions can be carricd out using
waler wilh 2 salinity of up to 50,000 ppm and a1 a tempera-
ture of about 10° C. (50° F) (o about 95° C. (200° F.),
depending upon the nature of 1he heavy hydrocarbon to be
emulsified and ils water coment. For a relatively more
viscous hydrocarbon the emulsification is effected atl a
relatively higher temperature. At temperatures lower than
10° C., emulsions of paraffinic crude may produce paraffin
crystals which precipitate from the emulsion. This phenom-
cna can be minimized, if desired, by the addition of a pour
paint depressant to the hydrocarbon prior to emulsification,

Mustrative anionic emulsifiers that impart optimum prop-
erties 1o the emulsion are, for example, the sodium alkyl
benzene sulfonates with a molecular weight of about 350 to
about 665, the alkyl sulfonates, the alkyl sulfates, and
sodium dioctyl sulfosuccinele in an amount in the range of
about 200 ppm by volume (0.02 vol. %) to about 10,000 ppm
by volume (1 vol. %) of ithe 1otal emulsion volume. A
suitable emulsifier can also be produced by sulfonating fatty
acids derived from coffee beans. Typical such faity acids are
constitwted primarily by palmitic acid and linoleic acid. An
illusirative composition of fatty acids derived from coffee
beans that can be sulfonaied to produce a suitable emulsifier
is as follows:

patmitic acid abour 36,4 w1, %
sicaric acid nbout 7.1 w1, %
cleic acid about 7.3 wi, %
linoleic acd about 41.3 wi. %
linelenic acid about 1.3 wl %
paachidic acid about 2.5 wi. %

Nonionic emulsifiers such as alkyl aryl polyether alcohols
were also found suilable for the emulsions disclosed herein.
Such emulsificrs are prepared by reaction of ociylphenol or
nonylphenol with ethyiene oxide. The nonicoic emulsifiers
can be utilized in an amount of about SO0 ppm by volume
(0.05 vol. %) to about 5000 ppm by volume (0.5 vel. %) of
the oial emulsion volume,

A mixture of the anionic emulsificrs and nonionic cmul-
sifiers is also contemplated as useful in the presemt emul-
sions. The mixture of anionic and nonionic emulsifiers
cxhibits greater salinity tolerance, which is usefu] if the
waler used to prepare the cmulsion has a significant saline

conceniration. The respective weight ratios of anionic-to- ~

nonionic emulsifiers in such mixtures can be in the range of
about 30:70 to aboul 80:20. This weighl ratio can be readily
oplimized for a particular crude by routine experimentation.

Amphoteric emulsifiers such as the polycthxyline amines,
oxyetbylated sodium sahs containing both anionic and cat-
ionic centers, and the like, are also suitable for the practicing
of this invention.

A stabilizing agent can be combined with the emulsifier to
stabilize the emulsion. The stabilizer can be of natural or
synthetic origin.

The stabilizers of natural origin are exemplified by water-
soluble gums, i.e., complex carbohydrates thal yield sugars
on hydrolysis, such as gum arabic, the carrageenans, locust
bean gum, and the like. Padicularly preferred are the arabian
type gums such as gum arabic (derived from Acacia
senegal), and 1he like. Also suitable nre gum ghatli (derived
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from Anogeissus latifolia), gum karaya (detived from Srer-
culia urens), and the like. - - . -

The stabilizers of synthetic origin can be natural based
such as the waler-soluble anionic linear polymers exempli-
fied by sodium carboxymethylcellulose, or petroleum-based
such as the polymerized vinyl-type monomers modified to
contain acidic funclion and exemplified by polyacrylic acid
and the derivatives thereof, e.g., polyacrylic acid polymers
lightly cross-linked with a polyalkeny} polyether and com-
mercially available under the designation CARBOPOL™,
Also suitable are the polyvinylpymolidones, carboxyvinyl
polymers, and mixtures of the foregoing,

‘The emulsions herein described can be prepared using
either heavy crude oils, the bottom product from oil barrels,
paraffin crudes and medium and light crude oils, Heavy
crudes such as the Colombia Castille or the Rubiales crude
oil, and fuel oils wilh a viscosity of abou 50 to about 2200
SSF (122° B), when emulsified according to this inventioa,
are trapsported and utilized with greater efficiency. The
disclosed method is particularly effective for preparing a
High Internal Phase Ratio (HIPR) emulsion using heavy,
viscous crudes that poicntially contain large amounts of
asphaltenes and melals with a specific gravity (60/60)
between about 5° API (0.108 Kg/1) and 30° AP (0.676
Kg/1). If desired, the heavy crude can be diluted with a
lighter hydrocarbon, ¢.g., light cycle oil (ahout 18.5° APT) 10
2 viscosity of aboul 200,000 cPs (200 Pa.S) pricr to emul-
sification.

I order to properly assess the process disclosed herein,
emulsions were prepared using medivm crudes (22°-30°
AP, heavy crudes (14°-21° API) and extra beavy crudes
with an API deasity less than 14° APL. The heavy crudes
comprise 0% to 85% by volume of the emulsion, preferably
T0% to 85% by volume,

Emulsions with a higher oil content are more economical
to transpori because more oil is transferred per unit volume
of emulsion. The viscosily of the emulsion increases with
higher crude oil conlent, however, and losses duc to
increased viscosity preciude increasing the oil coatent of the
emulsion above & certain level.

Work is required to disperse the oil droplets in the
continuous (agueous) phase. By breaking the dispersed
phase into droplets, more surface area of the dispersed phase
is exposed to the continuous phasc. The type of mixing
equipment used also affects the pature of the produced
emulsion. The degree or Lime of agitation, the type stirrer,
the speed or the shear rate, and also the process type (ic.,
balch, semibatch or continuous) and whelher Ibe process is
static or dynamic, influences the type of emuision that
results, Generally a suilable mixer is one that effectively
disperses a high viscosity Duid (heavy crude) in a lower
viscosity solution (water plus emulsifier and other
ingredients).

Impellers of the blade-type are suited for use in conjune-
tion with the mixing cquipment used (o effect the desired
dispersion of the oil phas¢ into the agueous phase. Flat
blade, disc fiat blade, curved blade and pitched blade impel-
lers alt perform effectively at 2 rotational speed of about 50
10 about 2000 rpm. This is equivalent (o a shear rate of about
0.1 sec™ 10 about 20 sec™" at a power input of about 0.1 hp
to about .75 hp, preferably about 0.1 hp to about 0.5 hp, per
1000 barrels of the emulsion. Forty-two standard U.S.
gallons equal one barrel. The preferred impellers are those
that have a relatively high discharge capacity with a rela-
tively low head when used with a mixture that is about 60%
to 85% by volume heavy, viscous hydrocarbon and about 30
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1o 15 volume percent waler and other additives at 2 stitring
speed of 50 10 200 rpm, preferably 400 1o 800 rpm.

The impeller diameter-to-1ank diameter ratio also impacts
the emulsion properlies. A ratio of about 0.5 1o about 0.4 for
impeller diameter-to-taak diameters is preferred. The ratio
of liquid column height to tank diameter can also impact
emulsion properties. A column height-to-1ank diameter ratio
of about 0.9 to ahowt 0.5 is preferred,

The sclecied emulsifiers are combined with water and the
tesulting aqueous admixture amounts 16 15% to 40%, pref-
erably 15% to 30%, of the 1otal cmulsion volume. The crude
oil is then mixed with the agueous admixture using an
agitator as described herein, preferably al about 400 1o 800
tpm. Alternatively, emulsification can be achieved using a
static mixer or an air-driven alomizer.

The beavy, viscous crude oil is dispersed in the admixture
of water and emulsifier at a temperature of sbout 4° C. (40°
F.) 10 abom 82° C, (180° F)), preferably at a 1emperature of
abaut 50° . (122° F) to about 60° C. (140° ).

Higher temperatures and pressures, e.g., 100° C. (212° F)
to about 168° C. (335° F.) at superatmosphcric pressures up
1o aboul 200 psia, can be ulilized as well during emulsifi-
cation.

The water may be fresh or saline water with @ sall
concentration of up 1o about 50,000 ppm by volume, The
dynamic viscosity of ihe produced emulsions is about 5 cPs
(0.005 Pa.8) to about 350 cPs (0.35 Pa.S) at 38° C. (1G0° E),
preferably about 5 ¢Ps to about 50 cPs (0.05 Pa.S), depend-
ing upon the starting matetials. (1 cPa0.001 Pa.S=1 mPa.s)

The emulsions described hercin can also be prepared
startiog with 2 water-in-oil emulsion having a dynamic
viscosity af about 2,000 cPs (2 Pa.$) 10 about 300,000 cPs
(300 Pa.5). The waler-in-oil emulsion contains abow 5% to
ahout 20% volume percent waler. The emulsificr and addi-
tional waler are added to the waler-in-oil emulsion in
amounts sufficient 10 produce the oil-in-waicr emulsion
herein deseribed.

The pH of the emulsion may vary from about 4 10 about
13. Alkaline solulions of hydroxides of alkali metals, e.g.
potassium and sodivm, or an alkaline earth metal such as
calcivm, can be added to the emulsion 1o adjust the pH 1o
within this range if necessary. Similarly, hydrochloric acid
<an be added to lower the pH to a value within the above
range, if nceessary. The saline concentration of the ¢mulsi-
fier solution preferably is no more than about 50 ppm, by
weight, but can he as high as 50,000 ppm.

When a paraffinic crude with a relatively high pour point
of about 15.5°-26.7° C. (60°-80° F.) is emulsified in accor-

dance with the process disclosed berein, the pour point is s

lowered. This provides an improved flow of the crude at
relatively lower lemperatures when the crude is emulsified
according 1o the disclosed process. The payaffinic crudes
exhibil a relatively lower viscosity when emulsified accord-
ing 10 the disclosed process. A pour point modifier can be
added 1o the emulsion 1o raise or lower the pour point. if
desired. Suvitable pour point modifiers are ethylene
interpolymers, ethylenc-vinyl acetate copolymers, polyacry-
late copolymers, and the like, in an aromatic liquid vehicle
such as the xylenes, toluene, and the like,

The flow characteristics of the produced emulsion alsa
depend on whether this emulsion is a Newtonian or non-
Newtonian fluid. An emulsion that exhibils Newtonian
behavior is preferred because Newtonian fluids maintain a
conslant viscosily over a broad range of shear rales and, thus
are more stable under different flow conditions. In noa-
Newtonian fuids, on the other hand, viscosity varies with
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the shear rate and non-Newtonian emulsions are less stable
under different flow conditions.

The shearing conditions contemplated by the present
method as disclosed berein minimize the interfacial icnsion
between (he oil and water phases in the emulsion, This, in
turn, minimizes the viscosity of the emulsion, thereby
enhancing its flow characteristics and reducing power
requirements for pumping. The lower the interfacial lension,
the lower the droplet-to-droplet interaction. This is so
because the droplets eloagate more casily along strcam-How
lines rather than colliding with one another and creating
resistance to fiow, Because of ihe low interfacial 1ension and
low viscosity of the emulsion, a relatively narower droplel
siz¢ distribution is achieved, Thus, the mean droplet size can
be more easily regulated. A mean draplet size of less than
about 30 im provides the desired Newtonian flow charac-
terislics 1o this cmulsion. Preferably, the mean dmoplets size
is less than aboul 20 ym, oil dropiets about 40 u#m or less in
diameter arc present in al least about 95% of the cmulsion
disclosed herein. The desired droplet size can be achicved by
optimizing the fluid-mechanical parameters such as agitator
speed, agitalion time, agitator type, cic. as disclosed hercin,
The sigma (a) value of the present emulsions, a measure of
particte size distribution, preferably is less than about 1,25,

=+ more preferably no more than about 1.1.

The emulsion disclosed hercin also exhibils improved
pumpability, combustion characteristics aod dehydration
propertics over heavy, viscous hydrocarbon oil-in-water
¢mulsiens in the prior arl. The emulsifiers used in lhe
formulation have optimum affinity for the aqueous phase,
thereby imparting improved propertics to the emulsion. The
heating value of the present emulsions preferably is al least
about 13,000 BTU/pound.

Maximizing the solubilily of oil apd water into onc
another by using the proper emulsifier produces an emulsion
with the desired properties. Furthermore, by adjusting the
emulsifier composition, one can tailor &0 emulsion for
particular use; highly stable emulsions if they will be stored
in tankers for a greai length of time; emulsions that are casily
resolved inlo their components if the end use so dictates; and
emulsions that can be directly combusted if phase separation
is not required.

The emulsions prepared according to the abave-described
process usually exhibit 2 pH value in the range of about 4 1o
zhout 13. Emulsions exhibiting a pH value of about 7 1o
about 10 are more stable, bul can be readily broken down,
i.e. separated into oil and waler components, when desired,
by acidification to 2 pH value of less than about 7, usually
a pH value in 1he range of about 4 up 10 7. A decmulsifying
agent such as polyethoxyalkylamine can alsa be used for this
purpose. The heavy crude scparated from 1he emutsion has
a water conient of shoul 0.5% by volume. The water
separaled from the crude usually contains pproximately
0.001% to about 0.003% (10-30 ppm) by volume of heavy
crude oil, but can contain up to about 0.005% (50 ppm) by
volume of heavy crude oil.

The emulsions disclosed herein can be broken down and
the dispersed and continuous phascs thereof separated using
a chemical method in which the pH of the cmulsion is
changed [ram basic 1o acidic or vice-versa depending upon
its initial pH. Surface active agents that modify the hydro-
philic nature of the emulsifier system that is preseni are also
useful 1o break down these emulsions. Neutralization of the
bydrophilic forces, or their eliminations, climinates the
major forces that keep the emulsions stable. Thus, the
cmulsions are casier to break down. With the emulsifiers
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used herein, the separation of the oil and water phases of the
emulsion is readily achieved by lowering the pH value of the
emulsion,

The following cxamples are evaluations of the emulsions
disclosed herein and made according lo the method of this
invenlion. Various propertics of emulsions made with dif-
ferem emulsifiers at different concentralions and different
oil-to-water ratios were evaluated to determined the opti-
mum emulsion propenies for the various contemplated
applications. The effect of different mixing or stirring
parameters was evaluated 10 determine the oplimum condi-
tions needed 10 prepare the desired emulsions. These
examples are made by way of illustration cnly 1o highlight
the more general discussion of Lhe invenlive concepts dis-
cussed hereinabave and the claims appended hereto.

Several viscous crude oils were used lo evaluate the
cfficacy of the process disclosed herein. The crudes used
where oblained from the oil fields of Colombia, which yicld
some of the most viscous, difficull-to-transport crudes simi-
lar to the Veoezuelan aod Canadiac crudes. A summary of
the characteristics of the crude oil used in these examples is
found in Table 1 hercinbelow. The properties of the crude
cils evaluated in Table 1 were delermined using ASTM
Standards D-97, D-287, D-96 and D-3230-13.

TABLE A
Cotombian Catilla Hesvy Crude Ol Charmcre pistica
Non-Dehydrated Debydrated
Crude (il Crude Ol
Chamcteristic (BS&W = 15.6%)  BSAW = 0.5%)
AP Dezsity (60° F) 126 13
Specific Gravity (60750) 0582 0.9792
Density (Kg/d @ 15° C.) 09814 0.9787
Pour Point ("C.) 4, M C,
Salinity (PTB) 100 -
Vikcosity (cP) @ (25° C.} 15,189 1530
Viacoeity (cP) @ (55° C.} 1,185 408
BS&W = hasic sediment aod water
EXAMPLE 1{

Effect of Temperature on Emulsion Viscosity

The viscosity of the crude ails used in the present
examples was determioed using CV100 and RV20 Haake
concentric viscomelers at different teooperalures, and
recorded. The data are prescoted in FIG. 1. As can be
observed from FIG. 1, the viscosity of the crude is dramati-
cally reduced by an increase in the temperature. The effect
of temperatures on the crude oil viscosity is slightly more
pronounced when the crude is hydraled.

EXAMPLE 2

Effect of Different Emulsifiers on Emulsions

Several emulsions were prepared using different emulsi-
fiers. Emulsifiers with HLB values of about 13.5 to about 16
were ulilized in these emulsions. These emulsions were
prepared by adding the viscous hydrocarbon to water end
emulsifier combination. The mixtures were all agitated
mechanically a1 a speed of 600 rpm. The resulting emulsions
were 75% by volume oil and 25% by volume water.

FIG. 2 and FIG. 3 illustrate the properties of the emulsions
that were prepared using emulsifiers of various HLB values.
The emulsions formed bad relatively good stability. An
emulsion exhibits good stability by remaining in its emu!l-
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sified state, rather than the dispersed and continuous phase
scparaling completely. The emulsion with a mixture of an
anionic emulsifier, sodium sulfosuccinate, snd nonionic
cmulsifier, nonylphenol ethoxylate, (HLB>13) exhibiied the
greatest stability of the emulsions tested. FIG. 2 illustrates
tbe stabilily of the emulsions of the cil-in-water erulsions
a8 indicated by the amount of water that separate from the
emulsions after 120 hours at a temperature of 80° C. (176°
F.). The emulsifiers used in these emulsions are snumerated
in the Table I1 below.

TABLE Il
—Emulsifiers Teved
N Family Emulsifier HLB
1 Nonienie Nonylphenal ethoxylale 16
2 Anionic + A 30 wi % Anionic/7T0 Wi S »12
Nanioric Nonionic Mixture
3 Aniogic Dioctyl soifosuccinate »13
4 Noaionic Nonylphenol cthoxylate 135
L3 Nonionic Octylpbenol cthoxylate 135

Nonionic surfactanms with HLB values of 13.5 produced
the least stable emulsions while the emulsion formed with
the apionic/nonionic emulsifier mixiure had a relatively
greater stability.

FIG. 3 illustrates the effect of the various emulsifiers from
Table 11 on the viscosity of the emulsions prepared there-
with. As is apparent from FIG. 3, most of the viscosity
reduction is achieved al emulsifier concentrations of about
550 ppm to 1500 ppm by volume, regardless of the emul-
sifier used. The emulsifiers tested were those enumerated in
Table II above.

Al emulsifier concentralions is ¢xcess of 2000 ppm, the
reduction in visoosily thet is obtained is seldom justified by
the additional expense of the increased amount of emulsifier
used. Furthermore, the fluid dynamics of the agitation pro-
vide stability to the emulsion, thereby reducing the need for
larger amount of emulsifiers,

EXAMPLE 3

Effect of Emulsifier Concentration on tke Emulsion
Droplet Size

Emulsions were prepared that contained crude oil (70%
by volume), water, and emutsifier. The emulsion tempera-
ture was 25° C. {77° E). An anionic emulsifiet, diociyl
sulfosuccinate, was utilized in the emulsions, Two emul-
sions were prepared of similar composition; one with an
emulsifier concentration of 500 ppm (by volume) and one
wilh a concentration of 1,000 ppm {by volume). FIG. 4
illustraies the effect of emulsifier concentration on droplet
size distribution. An emulsifier concentration of 0.1% by
volume (1000 ppm) yielded a preferred mean droplet size of
less than about 30 pm.

Heavy crude oil-in-waler emulsions were prepared with
10% heavy crude and various emulsifices, all with an HLB
greater than 13 al a concentration of 0.08% (800 ppm) by
volume. The mean oil droplet sizc of the smulsions was
determined. FIG. § illustrates that all of the emulsifiers
provide an acceptable mean droplet size of about 30 sem or
less to Lhe emulsion. The emulsifiers tested were Emulsifiers
1-3 from Table Il above. An emulsifier that is a mixture of
anionic apd nonionic emulsifiers yielded a preferred droplet
size of aboul 10 gm with a narrower range of droplet size
distribution.
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EXAMPLE 4

Effect of Qil Phase Concentration on Emulsion
Viscosity

Emulsions were prepared according to the process dis-
closed tierein using a nonionic, nonylethoxylate lype emaul-
sificr with an HLLB of 16. Therc were approximaicly 20
cthylene oxide units per molecule in the emulsifier. The
percent of heavy, viscous crude oil in the cmulsion was
varied at different emulsifier concentrations. The ¢rude oil
used in Lhe emulsions had a viscosity of 15,500 cPs (15.5
Pa.5). A propeller type agitator a1 a speed of 600 rpm was
used to stir the emulsion. The observed viscosities are
presenled in FIG. 6 which illusirates thai the viscosity of the
emulsions is very low when the percentage of viscous crude
oil jn the emulsian is below abowt 75% by volume, regard-
less of emulsifier concentration, at an emulsifier lemperalure
of 25° C.{77° F).

The data from the same experiments and presented in
FIG. 7 illusirate that emulsificr concentrations greater than
3000 ppm by volume do not further reduce the emulsion
viscosily Lo a sigoificant cxient regardless of the volume of
heavy crude io the cmulsion,

EXAMPLE 5

Effect of Stirring Speed on Emulsion

Emulsions of a crude oil with # viscosity of about 15,000
<P lo about 100,000 cP and a water solution of a nonylphenol
cthoxylate, a nonionic emulsificr (HLB=13.5), were pre-
pared. The sliring speed was varicd for emulsions with
oil-in-water concentralion ratios (O/W) of 75/25, 70/30 and
65/35. The higher water content emulsions had a lower
viscosily. For the various concentrations of oil in water, a
slirring speed of about 600 rpm produced the emulsions of
lowest viscosity. The emulsions made a stirring speeds of
greater than 1000 rpm had notieeably higher viscosity. These
results are iltostrated in FIG. §.

EXAMPLE 6

Effcct of Stirring Parameters on Emulsion Viscosity

Emulsions with 3o O/W ratio of about 70/30 were pre-
pared using varous slirrers with various impellers. The
emulsifier used was nonylphenol cthoxylate, a nonionic
emulsifier (HLB=13.5). The effect of emulsifier concentra-
tion on the viscosity of these emulsions was observed. The
results appear in FIG. 9. The percent decrease in viscosity
observed when the emulsifier conceniration was increased
from 500 ppm to 2500 ppm by volume was less than the
percent decrease in viscosity observed when the mixer was
changed from @ belical-type at 600 rpm 1o a propeller-lype
impeller at 600 rpm. Thus, at a given emulsificr
concentration, the type of impeller used and the speed at
which it ratates have a demansirated effect on the emulsions
viscosily.

Furthermore, the differences in viscosily of emulsions
prepared using the different type impellers and stirring
speeds at a given emulsifier concenration are somewhal
uniform over a wide range of viscositics. This indicates that
the effect of stirring conditions on the emulsion is somewhal
independent of emulsifier concentration.

EXAMPLE 7

Effcct of Stirring Time on Emulsion Viscosity

Emulsions were prepared with an O/W ratio of 70/30 by
volume al a temperature of 25° C. (77° F). The cmuisifier
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concentration was 0.1% by volume (1000 ppm). Emulsifiers
1-4 from Table 1 were used 1o formulate the emulsions, all
with HLB values of sbout 13.5 or greater. The stirring speed
was 400 rpm.

FIG. 10 illusirates the effect of stirring lime on the
viscosity of ihese cmulsions. It appears that stirring time in
excess of 10 minules results in very litile additional viscosity
reduction. The anionic emulsifiers and the mixiures of
anionic and ponionic emulsifiers with relatively high HLB
values yielded emulsions with the lowest viscosity regard-
less of slirring time.

EXAMPLE 8

Effect of Stiring Speed on Emulsion Viscosity

Heavy crude oil-in-waler emulsions (?0%. by volume oil)
were preparcd. In order to evaluate the cffect of stirring
speed on viscosily and droplet size distribution, the emul-
stons were prepared at various mixing speeds and using
various kinds of emulsifiers (Emulsifiers 1, 4 and 5 from
Tablc IT) at 3 concentration of 0.1. by volume (1000 ppm).

The obtained data are presented in FIG. 11 and illustrate
thal a stirring speed of about 6500 rpm results in optimum
viscosity reduction of the emulsion,

Emulsions were also prepared with a nonylphenol cthoxy-
late emulsifier (HLB=16) at concentrations of 1000, 2000
and 3,000 ppm by velume. The obtained data are presented
in FIG. 12. Again, optimum viscosily reduction was
achieved a1 a stirring speed of abou 600 rpm independently
of emulsifier concentration.

Only a slight reduction in viscosity was obtained when
emulsifier concentrations were increased above 2000 ppm.
The increasc abtained does not appear to justify the cost of
additional emulsifier al current prices.

EXAMPLE 9

Effect of Slirring Speed on Emulsion Ol Droplet
Size

An emulsion was prepared that was 709% by volume crude
oil. The emulsifier used was a nonionic nonylpbenol
ethyoxylate-type with an HLB value of abowt 16. The
emulsifier concentration was 0.1% (1000 ppm) by volume.
The cflect of stirring speed on droplet size and distrbution
is illustrated by the data presented in FIG. 13. The test was
conducied at 25" C. (77° F).

From the datz in FIG. 13 it is readily apparcot that a
stirring speed of 600 rpm yields a more acceptable mean
droplet size and distribution than is chtained at e¢ither 400
rpm or 1200 rpm. Though the mean droplet size obtained af
1200 rpm was acceptable, the uniformity of the droplet size
was 1ot as good as that obtained at 600 rpm.

EXAMPLE 10

Effect of Stirrer Type on Emulsion Properties

The mechanics of stirring has 2 large impact on the
properties of the emulsion produced thereby. Not only do the
impeller design and the speed of rolation of the agifator
effect the viscosily and oil droplet size of the oil-in-water
emulsion, the tank configuration in conjunction with the
agitator design is also significant.

- Emulsions were prepared that were 70% by volume crude
in water. A nonionic emulsifier (HLB=16) was used to make
onc emulsion at a pH of 10 and an anionic emulsifier was usc
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10 make another cmuision at 2 pH of 7. The emulsifier
concentrations were 1000 ppm by volume in both instances.
Both emulsions were stirred at 600 1pm stirring speed a1 a
temperature of 25° C. (77° F.) under conditions wherein two
different ratios of impeller diameter-to-tank diameter were
used. When stirred at the higher ratio, both emulsions had a
lower viscosity. The observed data are presented in FIG. 14.

A relalively bigher impeller diameter-to-tank diameter
ralio ¢an also reduce stirring lime. The emulsion with the
nonionic emulsifier (HLB=16) was slirred under conditions
in which two different impeller diameter-to-lank diamecter
ralios were used. The obscrvations presented in FIG. 15
clearly illustrate that the emulsion stirred using ihe relatively
higher ratio achieved a lower viscosily in less lime,

EXAMPLE 11
Effcct of Stirring Time on Emulsion Droplet Size

An oil-in-waler emulsion was prepared thal was 70% by
volume crude cil. An anionic cmulsifier was present in the
emulsion in & concentration of aboul 1000 ppm by volume.
The temperature of the emulsion was 25° C. (77° F). The
emulsion, lotal volume of 300 liters, was stirred at 8 speed
of 600 rpm using a propeller Iype mixer. The effect of the
slirring time op the mean oil droplet sizc and droplel size
distribulion in the emulsion was noted, and is presenied in
FIG. 16. The data in FIG, 16 shows Lhat the mean droplet
size decreases and the draplet size distribution narrows the
loager the emulsion 15 stirred. The droplet size was mea-
sured in a Malvern Series 2600c Droplet and Particle Sizer.
The mean droplet size refers to the Sauter mean diameter
(SMD) hereof, i.c. the diameter of & droplt whose surface-
to-volume ratio is equal 1o the combined surface-to-volume
ratio of all of the oil panicles in the emulsion.

EXAMPLE 12

Effect of Time and Temperature on Emulsion
Stability

Oil-in-water emulsions have 10 be separated, i.c., broken
down, into oil and water phases, depending upon the end use
of the emulsion. For example, if the 0il in the cmulsion is 1o
be refined, the water phase must be separated from the oil
phase prior to refining. If the oil is to be direct fired,
however, the emulsion does not have to be broken down
prior to use, However, the emulsion should not break down
aver lime or during Iransport. Prior art cmulsions are at
times difficult to separate or break, primarily because of the

small or irregular droplet size of oil in the waier. The r

telatively high surface ares-1o-volume ratio of the oil drop-
lets makes it more difficult to separate the emulsion. At other
times, prior art emulsions break down toc casily, and the
transport propertics of the emulsion, i.c. reduced viscosity,
tre lost.

FIGS. 17 and 1B prescat data obtained when the present
emulsions {O/W: 70/30) are broken, and illusirate that the
cmulsions disclosed herein were easily broken by tempere-
ture or by adding a chemical additive. FIG. 17 clearly
illustrates that phase separation is achieved more quickly a1
z relatively higher lemperature. Similar resulls have been
obiained with O/W: 75/25.

F1G. 18 illustrates the rate a1 which the emulsion breaks
down when no emulsificr is present therein, At a pH of 4.5
mare than 90 wi-% of the water had separaied from the oil
within 20 minutes. The broken emulsion ultimately pro-
duced substantislly clear water and a substantially wate:-
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free viscous hydrocarbon with less than 0.5% by volume
waler therein, Ademulsifying agent effected separativn of an
oil-ip-water emulsion with an emulsifier therein at 8 con-
centration of 20 ppm by volume, but over a greater period
of time. The demulsifying agent used was a nonionic emul-

sion breaker, alkyl aryl polyether alcohol with an HLB value
of 10.

EXAMPLE 13
Effect of Transport on Emulsion Viscosity

The cmulsion was evaluated to delermine the effect of
ransportation through a pipeling thereon. The emulsion
tested was a2 70/30 oil-in-walcr emulsion made with an
anionic, diocty) sodium sulfosuccinate emulsifier present in
a concentration of 1000 ppm (0.1%) by volume. The (em-
perature of the emulsion was 25° C. (77° F.). Pumping the
cmulsion through the pipeline was sccomplished using
centrifuges and gear pumps through 1est loops of pipe that
were 36 fect in length and of varying diameters (e.g., 1 inch,
¥ inch, % inch, etc.). The emulsion was pumped in the loop
from a tank therein for 3 days. FIG. 19 illustrates a propor-
tional relationship between shear steess and shear rate, which
is a characteristic of Newtonian behavior.

FIG. 19 also illustrates that the change in shear ralc vs.
shear stress for the emuision is similar whether the crmulsion
theology is evaluated using flow data from a pilot plant
pipeline or from data obtained using a concentric viscometer
in the laboratory. This indicates that the viscometer is a fairly
accurate representation of aciual pumping conditions, and
also that the prescot emulsification process can be scaled up
readily. 1t has also been observed that the emulsion viscosity
femained substantialty constant as the flow rate was
increased.

F1G. 20 presents in graphical form the observed droplet
size increase over lime during pumping. The droplet size
was measured ip the same manner as ihe previous example.
While the droplet size increased somewhat, this increase was
nat significant. The data shown in F1G. 20 demonstrales the
overall good stability of the present emulsions.

EXAMPLE 14
Direct Combustion of the Emulsion

Though the emulsion is readily separated into oil and
water components, in some instaoce il is desirable to com-
busl the emulsion without breaking it down. A Castilla heavy
crude 75/25 oil-in-water cmulsion prepared in accordance
with this invention using about 1,000 ppm of sodium alky-
Ibenzene sulfonates was bumed in 2 conventional, induced
draft, air cooled combustion chamber equipped for firing
diesel fuel at a rate of 1.5 MBtu/h, The O/W emulsion was
burned and its combustion was compared to diescl fuel and
beavy Castilla crude cil. The viscousity of the three fuels was
90, 12 and 7500 ¢Ps, respectively. The emulsion was ignited
rezdily. There was no appreciable difference in appearance
between the emulsion flame and the diesel fuel flame. The
flame temperature of the diesel fuel flame was 1000° C.
(1832° F) while the ¢mulsion flame temperature was 900°
C. (1652° F.). This bowever, is not viewed as a disadvantage
as relatively lower flame temperatures decrease the forma-
tion of nitrogen oxides.

EXAMPLE 15
Emulsion Droplet Size and Droplet Size
Distribution
FIG. 21 and FIG. 22 are photomicrographs of emulsions
made according to the present process. Specifically, the
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emulsion shown in FIG. 21 (300x) was prepared using a
propeller-type agitator (600 RPM; shear rate 10 sec) and
about 2,000 ppm (by volume) of diocty] sodium sulfosuc-
cinate as the emulsifier (anionic). The produced oil-in-water
emulsion O/W: 65/35 was nbserved 10 have 2 mean droplet
size of aboul 17.9 um, 3 maximum droplet size of about 37.6
4m, and a minimum droplet size of abowt 1.9 um. Emulsion
viscosily was obscrved to be about 45 ¢P (25° C.), and the
emulsion exhibited a sigma (o) value of about 1.2,

The illustrative emulsion embodying the present inven-
tion and shown in FIG. 22 (160x) was prepared using a
propeller-type agitator (600 RPM; shear rate 10 sec™!) and
abow 1500 ppm (by volume of dioctyl sodium sulfosucci-
Dal¢ as the emulsifier (anionic) for the Castilla crude oil. The
produced oil-in-water emulsion (O/W: 70/30} was observed
to have a mean droplet size of about 17.5 ym, 8 maximum
droplet size of about 35.6 am, and a minimum droplel size
of about 1.9 ym. Emulsion viscosity was observed to be
aboul 50 cP(25° C.}, and the emulsion exhibited a sigma (o)
value of aboul 1.1.

The substantially uniform droplet size as well as the

droplet size disttibution of the emulsions shown in FIGS. 21

and 22 can be readily seen from the graph presented as FIG.
23

FIG. 24 is a cross-section illustration of 2 device accard- -

ing 10 one embodiment of this invenlion for producing the
droplets having substantially uniform size, that is, atomizing
the heavy crude oil or emulsion. This embodiment employs
a nozzlc sysiem 100 as part of the emulsion production. In

operation, crude oil 102, or conulsions thereof, travels down

a pipe 104 into a nozzle attachment 106 which is attacked a1
the end of he pipe 104. The ozzle attachment 106 contains
a cylindrical guard 108 with an outer sleeve 130 at one end
for lenmination and to form a chamber 112. The guard 108
forms the main pan of the chamber 112 and the end of the
chamber 112 js formed by a nozzle cap 114 which has a
decreasing internal radius from one eed loward the otber end
which includes zn exit port 116, An increasing internal
radius is formed after the exit port 126. The crude of} 102
flows into the chamber through passages 118 farmed in the
sidewall 120 of the guard 108. This nozzle system 190
causes the crude o0il 102 jo be emitted from the exit port 116
as a fan spray 122 of droplets, the droplets having substan-
tially uniform size. The flow of the erude oii 102 through the
passages 118 and out through exit por 116 causes the
droplets to clongate in such a way that forces of cobesion
and adhesion produce droplets of substantially uniform size
in the tank into which the droplets are sprayed. Although the
diffuser is discussed above as diffusing crude oil, the diffuser
of this invention is also used with various mixtures and
emulsions including heavy crude and/or other types of oil,
Thus, for example, teferences 1o crude oit should he read 1o
include emulsions containing crude oil.

Although the nozzle system discussed above employs a
nozzle, other types of spray producing alomizers can be
used. For example, in one embodiment a diffuser 130 is
shaped like a shower atlachment, sce FIG. 25. In this
example, instead of 2 nozzle sysiem, the narrow end 132 of
the cone-shaped diffuser 130 is aitached 10 the end of a pipe
133. The other, larger end of the diffuser is terminated by
disk 134 having multiple holes 136, each hole having a
radius sufficient for clongating the droplets such that after
cjcction through the holes into the lank, the droplets have
substantially uniform size.

The examples enumerated hereinabove and the accompa-
nying discussion are intended 1o jllustrate the gencral prin.
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ciples thal are applicant’s invention. Nothing in the speci-
fication or examples is 10 be consirued as a limitation of the
invention &s defincd by the claims.

We claim:

1. A method for the preparation of an oil-in-waler emul-
sion comprising the steps of: .

combiniog aboul 60% to about 85% by volume of a
hydrocarbon having a specific gravity of about 5
degrees o about 30 degrees AP, in about 15% to about
40% by volume of an aqueous solution to form an
aqueous hydrocarbon mixiure, the aqueous solulion
comprising water and an emulsifier having a
hydrophilic-lipophilic balance (HLB) value of zhout
13.5 10 aboul 16, (he emulsifier comprising an anionic
coulsifier and a non-ienic emulsifier; and

dispersing the hydrocarbon in the aqueous sotution of the
aqueous hydrocarben mixiure using agitation at a rate
of specd of about 50 1o about 2,000 revolutions per
minute and a shear rale of about 0.1 to about 20
second™! at a power input of about 0.1 to about 0,75
horscpower per 1,000 barrels of 1he aqueous hydrocar-
bon mixture for & perind of time sufficient 10 produce
an oil-in-water emulsion having a viscosity in the range
of 5 1o 50 centipoise al 38° C. (100° F) and siabic
uniform droplel sizes in the range of 15 to 40 microme-
ters.

2. The method of claim 1, further comprising, before (he

combining slep, the step of:

mixing about 80% to about 99% heavy crude oil or
residuals in a temperature range of 100 degrecs and 335
degrees Fahrenheit, and aboul 20% 10 abouwt 1% of
lighter crude oil or diluent to form the hydrocarbon
having a viscosity of about 20,000 centipaise.

3. The method of claim 1, wherein the combining sicp

comprises the step of:

diffusing the hydrocarbon into the aqueous solution.

4. The metbod of claim 1, wherein the agitating step is
continued until at least 95% by volume of the oil-in-water
cmulsion has an oil droplet size of oo nore than 40
micromeiers.

S. The method of claim 1, wherein the agitating siep is
performed on line using static mixers.

6. The method of claim 1, wherein the anionic emulsifier
has a concentration of about 200 to aboul 10,000 part per
million by volume of the oil-in-water emulsion,

7. The method of claim 1, wherein the noa-ionic craul-
sifier has in a concentration of about 500 1o aboul 5,000 parts
per million by volume of the oil-in-water emulsion,

8. The method of claim 1, wicrein the aqueous solution
further compriscs a stahilizing agenl,

9. The method of claim 1, wherein the emulsificr is
selected [rom the group consisting of:

a noayiphenol exthoxylate having an hydrophilic-
lipophilic balance {(HLB) value of about 16 and com-
prising 20 ethylene oxide wnils per molecule, an
octyiphenol ethoxylate having an hydrophilic-
Lpophilic balance (HLB) value greater (han 13.5, a
oonylphenol exthoxylate having a hydrophilic-
lipophilic balance (HLB) value greater than 13, and a
dioctyl sulfosuccinate having a bydrophilic-lipophilic
balance (HLB) value greater than about 13.

10. The method of claim 1, further comprising one or

more steps of:

adding a stabilizer 1o maintain a pH valuc in the range of
about 4 to about 13, the stabilizer selected from the
group cousisting of:
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alkali metal hydroxide, hydrochloric acid and alkaline

carth metal hydroxide.

11. The method of claim 1, wherein the agitating siep is
performed wilh a blade-type impellet.

12. The method of ¢laim 3, wherein the diffusing step is
performed with an atomizer device driven by air impulses,

13. The metbod of claim 2, wherein tbe light crude oil has
a specific gravity of 18.5 degrees API.

14. An emulsion switable for transpon through: a pipeline
comprising:

zbout 60% 1o about 85% by volume of a crude oil having

a specific gravity from aboul 5 degrees to about 30
degrees APL; and

about 40% to sboul 15% by volume of ar aqueous

solution comprising water and an emulsifier having a
hydrophilic-lipophilic balance (HLB) value of about
13.5 o aboul 16, the emulsificr comprising anionic and
non-ivnic ¢mulsifiers having a conccatration from
wbout 200 1o about 10,000 paris per mitlion by volume
of the oil-in-water cmulsion;

such that the viscosity is in the range from about 5 to 350

centipoise at a temperature of 100 degrees Fahreabeil;
and

wherein the droplet size is substantially uniform and is no

greater than sbowt 20 micrometers when transport
begins and no greater than aboul 70 micromelers up to
2000 bours later.

15. The emulsion of claim 14, whercin the poo-ionic
cmulsificr has a concentration from about 500 1o 5,000 parts
per million.

16. The emulsion of claim 14, wherein the anionic emul-
sifier has a concentration from about 200 to 10,000 parts per
million.

17. The emulsion of claim 14, wherein the emulsion
funber comprises a stabilizing agent.

18. The emulsion of claim 14, wherein the emulsion has
& dynamic viscosity al ambient temperature of no more than
aboul 50 Pas.

19. The cmulsion of ¢laim 14, wherein a particle sizc
distribution io the emulsion has a sigma value of less than
abowt 1.1.

20. A method of producing energy at a2 remole location
comprising the steps of:

SOEAY_I_>

10

20

diffusing a bydrocarbon into an aqueous solution;
dispersing the hydrocarbon in the aqueous solution to
produce an emulsion having a viscosity in the range
from about 5 to 350 cenlipoise at 3 temperature of 100
degrees Fahreaheit and sebstantially uniform droplet
sizes of no greater thas sboul 40 micrometers, the
emulsion corprising:
aboul 60% 1o zbout 85% by volume of the hydrocarbon
having a specific gravity from about 5 degrees to
about 30 degrees APIL; and
about 40%: 10 sbout 15% by volume of the aqueous
solution, the agueous solution comprising water and
an emuisifier having a hydrophilic-lipophitic balance
(HLB) valuc of about 13.5 to about 16, the emulsifier
comprising an aniosic cmulsificr and 3 non-ionic
emulsifier and having a concentration from about
200 to about 10,000 parts per millica by volume of
the emulsion;
transporling the emulsion through a pipeline I the remole
location; and
combusting the emulsion at the remolte location.
21, A device for forming crude oil droplels of substan-
tially uniform size in an emulsion comprising;
an inlel having at leas! one receiving passage connected o
an ¢nd of a pipe;
» main body connected w the receiving passage for
recciving crude oil from the pipe; and
& lerminator connected to the main body having al least
one exit passape;
such thal oil droplets arc elongated by the exit passapes so
as o form droplets of the substantially upiform size in
the emulsion.
22, A device according to claim 21, wherein:
the main body further comprises a chamber baving at least
ope sidewall passage, such that elongated droplets form
by flowing inlo the chamber through the sidewall
passages and out of the exit passage.
23, A device according to claim 21, wherein:
the main body has a cone shape; and
the termioator forms a disk at the large end of the cone
shape.
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57 ABSTRACT

Mothods and compositions are provided to facilitate the
transportation and combustion of highly viscous hydro-
<arbons by forming reduced viscosity hydrocarbon-in-

Water emulsions, and in particular, bioemulsifier-stahii-
ized hydrocarbon-in-water emulsions,
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BIOEMULSIFIER STABILIZED
HYDROCARBOSOLS

‘This application is & continuation of application Ser.
No. 780,779, filed Sept. 27, 1985, now abandoned,
which is a division of application Ser. No. 653,808, filed
Sept. 24, 1984, now U.S. Pat. No. 4,684,372 which in
turmn is a continuation-in-part of application Ser. No.
347,892, filed Nov. 2, 1983, now U.S, Pat. No.
4,618,348,
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1. INTRODUCTION

This invention relates to the utilization of highly
viscous hydrocarbons, including heavy crode oils and
residual oils. More particularly, this invention relates to
the transportation of viscous hydrocarbons through the
formation of low-viscosity bioemulsifiar-stabilized hy-
drocarbon-in-water emulsions, or hydrocarbosols, in
which the hydrocarbon droplets dispersed in the con-
tinuous aqueous phase are substantially stabilized from

droplets at the hydrocarbon/water interface, Furthes-
more, this invention relates to the combustion of pre-
atomized fuels which include both hydrocarbosols and
other viscous hydrocarbonein-water emulsions,

Transportation of highly viscous hydrogarbons via
conventional pipelines or other methods, including
tankers and barges, presently cannot be accomplished
practically without reduction of the viscosity of the
hydrocarbons to put them into a putnpable form. This
invention presents an alternative mesans to viscosity
reduction, potentially more economical than methods
requiring beating or dilution. with lighter petrolenm
stocks. Formation of hydrocarbon-in-water emulsions
effectively reduces the viscosity of heavy hydrocarbon
materials, thereby facilitating shipping and pumping
with conventional equipment, as well & in situ han-
dling. Furthermore, the bre-atomized fuels formed by
the methods of this invention caq be burned directly by
conventional means, withogt de-watering or demulsifi-
cation, potentially resulting in emissions reductions.

Under circumstances where transportation distances
from produetion location to utilization sites are consid-
creble, giving rise 1o long transit times and/ar the po-
tential for shutdowns en routs, or where long storage
periods are required, the use of hydrocarbosols is espa-
cially advantageons. Because the microbial bioemulsifi-
ers predominantly reside at the hydrocarbon/water
interface, essentially cavering the surface of the hydro-
carbon droplets, the hydrocarbon droplets are effec-
tively protected from coalescence and the reduced vis-
cosity of the bydrocarbosols is effectively maintained
over time, The substantia) atability and improve pump-
ability of the hydrocarbosols allows them to be trans-
ported practically over long distances or remsin station-
ary for long periods of time prior to utilization,
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2. BACKGROUND OF THE INVENTION
2.1. Viscous Hydrocarbons '

While large quantities of high-quality, relatively inex-
pensive, light crude ofls presently are recoverable from
world-wide geographical locations, ever-increasing
consumption of petroleum fuels snd other petrolcom
products and the energy crisis precipitated by such high
demands have brought interest to bear on the enormons
reserves of low-gravity, viscous hydrocarbons which
also exist throughout the world. Viscous hydrocarbons
present in natural depogits have been generally clagsi-
fied as viscous crude cils, bitumen or tar and have been
variously called heavy crudes, native bitumen, natural
bitumen, oil sands, tar sands, bituminous sands or depos-
its and natural asphalts, all of which materials are chem-
ically gradational and nearly indistinguishable without
standardized analysis. [For u discussion of the general
characteristica of viscous hydrocarbons and the prob-
lem of precisely defining or classifying them, see Meyer,
“Introduction” in: The Future of Heavy Crude and Tar
Sands, p. 1, Mining Informational Services, McGraw
Hill, Inc., New York (1981). See also Section 6.2 infra.]

The geographical distribution of heavy crude re-
setves is given in Table I [abstracted from Meyer and
Dietzrman (1981), “World Geography of Heavy Crude
Oils,” in: The Future of Heavy Crude and Tar Sands,
pp. 16=28, Mining Informational Services, McGraw
Hill, Inc., New York (1981)]. The total estimated figure
for ofl in place is 6200 109 barrels. Venezuela heads the
list with roughly half of this total, 3000>¢10? barrels,
Canzda follows closely with 2950 x 10° barrels (this
total includes hydrocarbon in bitumen), while the

i)

United States has an estimated 77¢ 109 barrels. To put .

these figures in perspective, the total world reserves of
oil lighter than 20°API is estimated to be about
660 107 barrels. Yet undiscovered reserves are esti-
mated st 900X 10° barrels. Thus, heavy crude is more
pientiful than conventional oll by about a factor of four.
Further considering the amount of heavy residual oils
that result from the processing of conventional crudes,
the-amount of heavy oils that exists worldwide is very
great indeed.

TABLE I
WORLD HEAVY OIL DEPOSITS
—(Biltions of Barvelt)
Resource
Hytimated
Country In-Flace Recoversbla
Veneruely 3000 500
Canada 950 k]
United States n 0
July 12 1
28 1

Irxn 29 3
Irsq 10 1

It is clear that reserves of conventional Light crudes
are being depleted mueh faster than heavy crudes and
that development of world reserves of viscous hydro.
carbons will eventually become necessary to support
world petrolenm demands. Signifieant production of
hesvy crudes has begun, primarily by steam-zssisted
enhanced recovery methods. For example, receot esti-
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mates place production of heavy crede oil in California
at 250,000 barrels per day. Future estimates {Barnea,
‘“The Future of Heavy Crude and Tar Sands,” in: The
Future of Heavy Crude and Tar Sands, pp. 13-14, Min-
ing Informational Services, McGraw Hill, Inc, New
York (1981)] project that by the year 2000, production
of heavy oil plos the bitumen from tar sands will in-
crease to one-third of the world's total oil production.
Such rapid development of heavy oil resources will
extend the petroleum era and should: (1) allow products
from heavy crudes to benefit from the existing energy
infrastructure; (2) assure fuel supplies to the transporta-
tion sector and feed-stock to petrochemical plants; (3)
be a stabilizing factor for world petrolenm prices, in-
cressing the number of oil producing countries; (4)
reduce the strategic and political aspects of oil produc-
ticm; and (5) postpone the need for massive investments
in coad conversion and other facilities for synthetic oil
production.
2.2. Transportation of Viscous Hydrocarbons

The problem of transporting viscous hydrocarbons,
be it out of a producing well, off & tanker or, especially,
through a pipeline, is ons of pumpsbility. Consequentty,
methods for transporting viscons hydrocarbons such as
heavy crude oils have focused on modifying the oil into
a pumpable form. Two general approaches have been
considered. For waxy crudes, it is desirable to transport
the oil sbove ita pour point, i.e., above the temperature
at which wax crystals in the oil inhibit ita ability to flow.
One method directed to this end is the use of pour-point
depressants to reduce the pour point and maintain floid-
tty. Generally, this method is of valee only with those
oils of sufficiently low viscositics to permit transporta-
tion at ambient temperatures.

For highly viscous crudes, the approach taken has
been to raduce the viscosity, When the crude s to be
transported by pipeline, the viscosity musm be suffi-
ciently reduced to Now throngh conventiona! lines
using conventional pumping equipment Seversl meth-
ods have been used to reduce the viscosities of heavy
crude oils for pipeliming purposes. These methods in-
clude preparation of cil/solid slurries, mixing water
with oil to form reduced viscosity emulsions, heating
the ofl to lower its viscosity and diluting the oil with
low viscosity hydrocarbons such as condensate, gaso-
line, or naphtha [Sloan et al., “Pipeline Transportation
of Heavy Oils,” in: The Future of Heavy Crude and Tar
Sends, pp. 719-726, Mining Informational Services,
McGraw-Hill, Inc. New York (1981)):

Reported methods for reducing the viscosities of
viscom hydrocarbons by forming oil-in-water emul-
sions for the purpeses of transporting them through
pipelines or pumping them from wells have involved
the use of chemical additives. Among the chemicals
which bave been proposcd or used are bases such as
sodium hydroxide or ammonin [U.S. Pat. Nos.
3,380,53); 3,487,844; and 3,006,354), nonionic surfac-
tants [U.S. Pat. Nos. 3,425,429 and 3,467,195] and com-
binations of nonionic and anionic surfactants [U.S. Pat.
Nos. 4,239,052 and 4,249,554]. Instability of oil-in-water
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emulsions can present a problem; for instance, oil-in-
water emulsions are known to break or invert into un-
pumpable forms. Increasing the smount of chemicals
used to maintain stability can result in prohibitive costs.

It is notable that in & recent review of methods for
pipelining heavy crude ofls (see Sloan et al.; supra) it
was pointed out that there have been limited, if any,
commercial applications of the emulsion approach to
pipelining, It i also noteworthy that Sivan et al. con-
cluded that the heating and dilution methods for reduc-
ing viscgsity, despite the fact that they are energy-inten-
sive and relatively costly, remain the major candidateg
for pipelining tramsport of heavy crude oils

2.3. Combustion of Oil-In-Water Emulsions

The vast majority of combustible emulsions known in
the art are water-in-oil emulsions, primarily consisting
of relatively small amounts of watsr (1-10% by val-
ume) in oil to enhance combustion, Some combustible
cilin-water emulsions have been described [sce ez,
U.S. Pat. Nos. 3,958,915; 4,273,611 and 4,382,802). No-
tably, bowever, the oil phases nsed have besn light, low
viscosity fuels and other Jow viscosity oils, e.g., kero-
sene, gasoline, gas ofl, fuel oils and other oils which are
liquid ot room temperature. Combustible thixotropic jet
fuchamduthﬂrlafctyﬁlelshavebeendmﬁbeth.S.
Pat Nos. 3,352,109: 3,490,237 and 4,084,940. Under
resting (stationary) conditions, these oil-in-water emal-
sions are in the form of gels with apparent rest viscosi-
tes of 1000 cps and prefersbly 50,000-100,000 cps.
These thixotropic cil-in-water emulsions exhibit low
viscosities under high puniiping (high shear) rates.

2.4, Microbial Surface Active Compounds

Manymimbmcanuﬁlbehydmcubouutheirwle
source of carbon for growth and energy production.
The hydrocarbon substrates may be linear, branched,
cyclic or aromatic. In order to rapidly assimilate such
water-insoluble substrates, the microbes require a large
contact area between themselves and the oil. This k
actieved by emulsifying the oil in the surrounding aque-
ous medium. Hydrocarbon degrading microbes fre-
quently synthesize and excrete surface active agents
which promote such emulsification.

dochmmNcmmonn-demcyieldsawrﬁceac-
tive agent which was reported by R.S. Holdom et sl [J.
Appl. Bacteriol. 32, 448 (1969)] to be a ponionic deter-
gent. J. Iguichi et al. [Agric. Biol. Chem., 33, 1657
{1969)] fovnd that Candida petrophilium produced &
surface active agent compossd of peptides and fatty
acid moieties, while T, Suruki et al. [Agric. Bial.
Chem., 33, 1919 (1969)] found trehalose lipid in the oi)
phase of culture broths of varices strains of Arthrobac-
ter, Brevibacterium, Corynebacterium and Nocardia,
Wagner has reported the production of trehalose lipids
by Nocardia rhodochrous and Mycobacterium phlei
And their use in oil recovery [U.S. Pat. Nos. 4,392,392
and 4,286,660}

Torulopsis gropengicsseri was found to produce a
sophorose lipid, while thamnolipids are reported by K.
Hisatsuka et al, [Agric. Biol. Chem., 35, 686 {1971)] to
have been produced by Psevdomanas aeruginoss strain
57B1 and by S. Itoh et al, [Agric. Bicl. Chem., 36, 2233

AG2175TA1 ¢ >

15

4,821,757

6

{1971)] to have been produced by another P, aeruginosa
strain, KY4025. The growth of Corynebacterium hy-
drocarboclastos on kerosene was reported by J.E. Zajic
and is associates [Dev. Ind. Microbiol,, 12, 87 (1971);
Biatechnol. Bioeng., 14, 331 (1972); Chemosphere 1, 51
(1972), Crit Rev, Microbiol., 5, 3%; U.S. Pat. No.
3,991,398] to produce an extracellular heteropolysacch-
aride which, among other properties, emulsified kero-
sene, Bunker C fuel oil and other fuel oils.

Gutnick et al. discovered that Acinerobacter col.
coacerics ATCC 31012 (previously designated
Acinetobacter sp, ATCC 31012 and also called RAG-1)

produces interfacially active extracellular protein-

assoclated lipopolysaccharide biopolymers called emul-
aams. These biopolymers are produced and build upasa
capsule or outer layer around the bacterial cell during
growth and are eventually released or sloughed off into
the medium, from which they can be harvested 48 extra-
cellular products. Acinetobacter calcoaceticus ATCC
31012 produces a-emulsans when grown on ethanol or
fatty ecid salts [U.S. Pat. Nos. 4,230,801; 4,234,689 and
4,395,354] and B-emnulsans when grown on crude gil or
bexadecane {U.S. Pat. No. 3,941,692]. The a-emulsans
and f-emulsang can be derivatized to an O-deacylated
form called psi-emulsans [U.S. Pat. No. 4,380,504]. The
a-emulsans, g-emuisans and psi-cmulsans can be de-

¥ proteinized to yield apo-a-emultans, apo-B-emulsans

kM

L

45

and apo-psi-emulsans, respectively [U.S. Par. Nos.
4,311,830; 4,311,829 and 4,311,831, respectively).

Cooper and Zajic [Adv. Appl Microbiol. 26:229-253
(1980)] have reviewed the production of surface active
compounds by microorganisms. Some of the surface
active agents described are listed in Table II.

TABLE II
MICROBIAL SURFACE ACTIVE COMPOUNDS
PRODUCING
STRUCTURAL TYPE MICROORGANISM(S)
Carbohydrates. A
Trehaloge-Lipids Nocardis, Mycobacterium,
) Corynebacterium, Arthrobacter
Rhamnose-Lipids Perudomenas aeruginga
Sophorose-Lipids Tordlomis spp.
Polysaccharide-Liptd Condida tropiralis,
Acinetobaeter oolenaceticus

Amivn Acid-Lipids

Lipopeptides Bacillus, Streptomyces,
Coryusbacterivm, Mycobacterium

Ornithise-Lipids Psevdomotss, Thlobacilng,
Agrohacterinm, Giluconobscter

Phospholipids Thiotmcillus, Corynebacterium,
Candida, Mietacoccus

Fatty Acids/Neotral Lipids  Pseud iza, My ,
Peicillium, Aspergill
Acinretnbscter, o
Candids

3. SUMMARY OF THE INVENTION

This invention provides novel compositions and
methods for manipulating viscous hydrocarbons includ-
ing highly viscous crude and residusat ails, generally
characterized by API gravities of sbout 20°APL or less,
viscosities of about 100 centipoise or greater at 150° F.,
paraffin contents of about 50% by weight or less, and
aromatic contents of about 159 ar greater by weight,

/2
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into an emuisified form which (a) can be stored in facili-
ties or transported by methods presently used to handle
less viscous materiels and (b} can be burned directly as
quality combustible fucls. In an embodiment preferred
for transportation purposes, the emulsified form of the
viscons hydrocarbon is s hydrocarbosol defined as a
bioemulsifier-stabilized hydrocarbon-in-water emulsion
wherein the individual hyudrocarbon droplets are es.
sentially covered by water-soluble bioemulsifier mole-
cules predominantly residing at the hydrocarbon/water
interface, which bioemulsifier molecules form an cffec-
tive barrier against droplet coalescence and hence pro-
mote the maintenance of discrete hydrocarbon droplets
dispersed in a continuons, low-viscosity aqueouns phase,
The hydrocarbosols of this invention have viscosities
reduced by at least a factor of about 10 and preferably
at least 10 compared to that of the viscous hydrocarbon
starting material, said hydrocarbosol viscdsities remain-
ing 80 reduced under static conditions for periods of at
least about 1 day, and preferably at least about 30 days.

Surfactant packeges for forming hydrocarbosols are
provided which comprise a water-soleble chemical
surfactant, or a combination of water-soluble chemical
and/or biclogieal co-surfactants, preferably nonionic
and anionic surfactants, together with a bioemulsifier
which, because of any number of characteristics includ-
ing, but ot limited to, high molecular weight, highly
specific three-dimensional structure, hydrophobic and
hydrophilic namre, polymeric nature snd/or sparing
solubility in hydrocarbons, binds tightly to the hy-
drocarbon/water interface and essentially covers the
surface of individual hydrocarbon droplets in hydrocar-
bon-in-water emulsions, effectively maintaining discrete
droplets and preventing coalescence and imparting
substantial stability to hydrocsrbon-in-water emulsions,

Methods are provided for transporting viscous hy.
drocarbons wherein a surfectant package is used in a8
proportion from sbout 1:100 to about 1:20,000 based on
il to form a hydrocarbosol containing up to abont 90%
by volume of hydrocarbon in an aqueous phase vari-
owsly comprising deionized water, municipal water,
brines or alcohol/watar mixtures, which hydrocarbosol
can be shipped by conventional means or pumped
through conventional, noa-heated pipelines.

Methods are also provided for utilizing viscous hy—
drocarbons by forming pre-stomized fuels, ie., hy-
drocarbosal fuels or hydrocarbon-in-water emulsion
fuels and buming them in conventional combustion
facilities,

4. NOMENCLATURE
The term “hydrocarboacl” is defined as any bioemul-
sifier-stabilized hydrocarbon-in-watey emulsion

wherein the individual hydrocarbon droplets are essen-
tially surrounded or covered by water-<soluble bioemul-
sifier molecules predominantly residing at the hy-
drocarbon/water interface, which bicemulsifier mole-
cules form an effective barrier against droplet coaless
cence and hence promate the maintenance of discrete
hydrocerbon draplets suspended or dispersed in the
eontinuous, low-viscosity aquenus phase.
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The term “water-soluble” is defined to include watar-
dispersible substances.

The term “viscous hydrocarbon™ is defined as any
naturally occurring crude oil or any residusl oil remsin-
ing after refining operations which is generally charac-
terized by a viscosity of sbout 102-10% centipoise or
greater and otherwise gencrally, but not necessarily,
characterized by an API gravity of zsbout 20°API or
lew, high metal content, high anlfur content, high as-
phaltene content and/or high pour point. The term
“viscoms hydrocarbon,” it is to be understood, also
encompasses the following nomenclature: vacuum re-
siduals, vis-breaker residuals, catslytic-cracker residy-
als, catalytic hydrogenated residuals, coker residuals,
ROSE (residual oil supercritical extraction) residuals,
tars and cui-back tars, bitumen, pitch and any other
terms describing residusls of hydrocarbon processing.

The term “pre-atomized fuel” is defined as any hy-
drocarbosol and any viscous hydrocarbonein-water
emulsion formed by methads described herein for use as
& combustible fuel.

The tetm “bicemnlsifier” is defined as any biclogi-
cally derived substance which, by virtue of any combi-
nation of characteristics including, but not limited to,
high molecular weight, polymetic nature, highly spe-
cific three-dimensional structure, hydrophobic and hy-
drophilic moieties and sparing solubility in hydrocar-
bons, binds tightly to the hydrocarbon/water interface
and essentially covers the surface of individual hydro-
carbon droplets in hydrocarbon-in-water emulsions,
effectively maintaining discrete droplets and preventing
conlescence, and thereby imparting substantial stability
to hydrocarbon-in-water emulsions. An example of a
bioemulsifier it a-emulsan,

The term “biosurfactant™ s defined o8 any biologi-
cally derived substance which reduces the interfacial
tension between water and a hydrocarbon and, o a
result, reduces the energy requirement (mixing energy)
for creation of additional interfacial ares. An example of
» biosurfactant is a glycolipid.

The term “surfactant package” is defined as any com-
position vseful for forming hydrocarbon-in-water emul-
sions of viscous hydrocartyons generally characterized
byapanﬁncmhmtof:bout%hywﬁghtorlm
and a0 aromatic content of about 159 by weight or
greater with viscosities of sbout 100 centipoise or
greater at 130° F., which composition may comprise a
chemical surfactant or & combination of chemical co-
surfactants or a combination of co-surfactant(s) and
biosurfactant(s) or a combination of chemicel surfac-
tant(s} and bioemunhifier(s) or a combination of chemi-
cal surfactant(s), bicsurfactant(s) and bicemulsifier(s),
and which may also include chemical emultion siabiliz-
e, and which may be in aqueous form.

The term “emunlsans,” which reflects the polysaccha-
ride structure of these compounds and the exceptional
biocmulsifier activity of these materials, generically
identifiee thoer capsalar/extracellular microbial pro-
tein-associated lipohetaropolyssccharides produced by
Acinetobacter calcoaceticus ATCC 31012 and its deriva-
tives or mutants, which may be subdivided into the
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a-cmulssns and the S-emulsans. The name “apoemul-
san" generically identifies those deproteinized tipopoly-
szccharides obtained from the emulsans.

The term “a-emulsans” defines those extracellular
microbial protein-associated lipopolysaccharides pro-
duced by Acinetobacter calcoaceticus ATCC 310]2 and
its derivatives or mutants in which the lipopolysaeche-
ride components (i.e,, without the asgocigted protein)
are completely N-acylated and partially O-acylatad
heteropolysaccharides made up of major amounts of
D-galactosamine and an amincaronic acid, the lipopoly-
saccharids compaonents containing at least $ pervent by
weight of fatty acid esters in which (1) the fatry acids
contain from ebout 10 to about 18 carbon atoms; and (2)
about 30 percent by weight or more of such fatty acids
are compased of 2-hydroxydodecancic acid agd 3-
hydroxydodecanoic acid. It follows, therefore, that the
deproteinized A-cmulsan are called “apo-B-emulsans,”

The term “psi-cmulsans” defines those extracellular
microbial protein.associated liplopolysaccharides pro.
duced by Acinetobacrer caleoaseticus ATCC 31012 and
its motants in which the lipopolysaccharide compo-
neats (f.e, without the associated protein) are com-
pletely N-acylated and partially O-acylated heteropoly-
sauchaﬂdamadcupofmajoramoumovagahnm-
mine and an aminouronic acid, the lipopolysaccharide

components containing less than § percent by weight of 30

fatty acid esters in which (1) the farty acids contain from
about 10 to about 18 carbon atoms; and (2) less than 50
percent by weight of such fatty acids are composed of
2-hydroxydodecanoic acid. The deproteinized 8-emul-
szns are called “apo-B-emulsans.”

The term “psi-emulsans” defines the O-deacylated
extracellular protein-associnted microbial polyraccha-
rides obtained from the emulsens, the protein-free com-
ponents of such psi-emulsaps being completely N-
ecyiated heteropolysaccharides magde up of major
amounts of D-galectosamine and an aminouronie acid
ndoonminingﬁumowlpementof&ttyaddcstenin
which, when present, the fatty acids contain from about
10 to about 18 carbon atoms. These protein-fres compo-
neats are called “apo-psi-emulsans, ™ regardless of how
they are prepared.

The term “polyanionic heteropolysaccharide biopol-
ymers” defines thoss biopolymers in which (a) substan-
tially all of the sugar moicties are N-acylated aminosug.
ars, e portion of which is N-acylated-D-galactosamine
and another portion of which is N-acylated aminou.
ronic acid, a part of the N-acyl groups of such hetero-
polysaccharide being N-3-hydroxydodecancyl] groups;
and('b)nleamO.Zmicmmo!espermﬂﬁgrmofsuch
heteropolyssccharide consist of fatty acid esters in
which (1) the fatty acids contain about 10 to about 18
carbon atoms and (2) about 50 percent by weight or
higher of such fatty acids are composed of 2-hydrox-
ydodecanoic acid and 3-hydroxydodecanoic acid.

5. BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a graphical representation of the viscosity
VETIUS water content profile of emulsan-stabilized hy-
drocarbosols formulated with Boscan crude oil,
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whercin the dashed line (at 30% water) indicates near-
optimum operating conditions:

FIG. 2 is a graphical representation of the viscosity
Versus temperature profiles for a keavy crude oil {Bos-
can) and two emulsan-stabilized hdyrocarbosols formu-
lated with Boscan crude oil;

FIG. 3 is a graphicat representation of the viscosity
versus time profiles for two emulsions formulated with
8 Texas fireflood crude oil and a surfactent package
comprising a nonionic serfactant and an anionic surfac.
tant, showing the effect on viscosity of the addition of
emulsan to the surfactant package:

FIG. 4 is n graphical representation of the viscosity
versus time profiles for two emulsions formulated with
a Texas fireflood crude oil ang a surfactant package
cOmprising o nonionic surfactant, showing the effect on
viscosity of the addition of emulsan to the surfactant
package;

FIG. 8 is a graphical representation of the viscosity
versus time profiles for two emulsions formylated with
aKnnsaaa'udeoilnndmpwaterusingasurfncmnt
package comprising a nonionic surfactant and 4o ani-
onic surfactant, showing the effect on viscosity of the
additien of emulsan to the surfactant package;

FIG. 6 is a graphical representation of the viscosity
versus time profiles for two emulsions formulated with
aKmsumdcoﬂdembﬁneusingasurfacmnt
package compriting a nonionic surfactant and an ani-
auic surfectant, showing the effect on viscosity of the
addition of emulsan to the surfactany package;

FIG. 7 is a graphical representation of the viscosity
versus time profiles for four emulsions formulated with
8 Texas fireflood crude oil and » surfactant package
comprising a nonionic surfactant and ap anionic surfac-
tant, comparing the effect on viscosity of the addition of
an emulsion stabilizer (emulsan, or the commonly used
emulsion stabilizers, lignin sulfonats and naphthalene
sulfonate) to the sarfactant package;

FIG. 8is a schematic representation of & pilot system
used for forming and pumping a hydrocarbosol through
& three-inck pipeline;

FIG. 9 is a graphical representation of the changes in
solids concentration along the frame axis during com-
bustion of 8 Number 6 fuel oil and a pre-atomizred fue]
made from Number 6 fucl oil as g function of distance
fromthefrontwallofthefhmcc:md

FIG. 10 &5 a graphical representation of the variation
of axial flame temperatures during combustion of a
Number 6 foel ofl and 2 pre-atomized fuel made from
Nomber 6 fuel ol as a function of distance from the
front wall of the furnace.

6. DETAILED DESCRIPTION OF THE
INVENTION

6,1, Surfactant Packapes

The surfactant packages of this invention can be for-
mulated with a wide variety of chemical and microbial

&5 surface active agents and are preferably formulated

with water-soluble surface active agents to provide for
the formation of oil-in-water, as opposed to water-in-oil,
emulsions. The surfactant packages can be formulated

12
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with numerous chemical surfactants, used alone or in
conjunction with chemical co-surfactants of the same
type (¢.g., » combination of water-soluble nonionic
surfactants) or of different types (e.g., a combination of
water-soluble nomionic, anjomic, cationic and/or am-
photeric surfactants), and can be further formulated in
combination with (a) 8 water-soluble biosurfactant or
combination of biosurfactants as co-surfactant(s) and/or
(b) a water-scluble bioemulsifier or combination of bio-
emulsifiera as emulsion stabilizer(s). In certain instances,
chemical emulsion stabilizers may alto be used in place
of tioemulsifiers. It is also possible to formulate surfac-
tant packeges comprising only microbial surface active
agents, i.e., combinations of biosurfactants and bioemul-
sifiers. The surfactant packages of this invention vary
with the type of viscous cil to be emulsified. The fol-
lowing general compositions are offered by way of
illustration. For viscous crudes, surfactant packages can
be formulsted 1o ¢comprise at least one chemical surfac-
tant and et least one bioemulsifier. They can abo be
formulated to comprise at least one water-soluble non-
ionic surfactant, at lzast one water-soluble anionic sur-

factant, and at least one bioemulsifier. For viscous resid- 25

uals, surfactant packages can be formulated to comprise
st lcast one water-soluble non-ionic surfactant or at least
one anionic surfactant or combinations of non-ionic
surfactants and anionic surfactants and which can fur-
ther comprise biosurfactants and/or bioemulaifiers,

The types of water-soluble nonionic chemical surfac-
tants suitable for use in the surfactant packages are listed
in Table 1,

TABLE 11
CLASSES AND SUBCLASSES OF
RONIONIC CHEMICAL SURFACTANTS
Alcobols, sihoxylated )
Alkylphenols, ethoxylatsd
Qiyeerol Esters
Polyethyleme Glycol Esten
Anhydtesorbitnl Bsters
Bthoxylstrd Anhydrosorbhiol and Sorbitol Esters
Natural Fats and Oils, ethosylated
Ethylene aod Diethylene Glye! Edters
Propanediol Esters

50
In surfactant packages for viscous crudes, the pre-

ferred water-soluble nonionic chemical surfactants are
cthoxylated afkyl phenols and ethoxylsted aloohols. In
surfactant packages for viscous residuals, the preferred
water-soluble nonionic surfactants are, again, ethoxyl-
ated alkyl phenols and also polyoxyalkylated amines.
The ethoxylated alkyl phenols are of the genetal for-
“mla:

ReCeHYOCHY)OH

wherein R represents an alkyl group containing from
about § to abont 12 carbon atoms (i.c., sbout Cy to about
C12), x represcnts the number of alkyl groups and &
either L or 2, and wherein o represents the number of
ethoxy groups (moles ethylene oxide) which can range
from about 1 to about 100, [For a list of commercially
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available ethoxylated alkylphenols, see “'Surfactants
and Detersive Systems” in: Encyclopedia of Chemical
Technology, Kirk-Othmer (Third Edition), Volume 22,
Pp. 366-367, John Wiley & Sons, New York (1983).] In
swfactant packages for viscous crudes, preferred ethox.
¥lated alkyl phenols are those having R groups of 8 or
9 carbon atoms and having from abont 7 to about 100
ethoxy groupa. An example of & partdcularly preferred
ethoxylated alkyl phencl is monononylphenol with
aboot 40 ethoxy groups. In surfectant packages for
viscons residuals, preferred ethoxylated alkyl phenols
are those having alkyl groups of B or 9 carbon atoms
and having from about 9 to about 70 ethoxy groups, An
example of a particularly preferred ethoxylated alkyl
phenol for use with viscous residuals in monooctyl-
phenol with about 16 ethoxy groups.

The ethoxyllted aicoholy are of the the general for-
mula:

ROCHO08

wherein R fepresents an aliphatic group (linear or
branched) containing from about 6 to about 18 carbon
atoms and wherein n represents the number of ethoxy
groups which caa range from sbout 2 to about 100, [For
a list of commercially available ethoxylated alcohols,
see “Surfactants and Detersive Systems” in: Bncyclo-
pedia of Chemical Technology, supm, pp. 364-365.]
Examples of ethoxylated alcohols include ethoxylated
trimethylnonanols with sbout 3 to about 9 ethoxy
groups sndd etboxylated secondary slcohols having R
groups of aboat 11 to about 15 carbon atoms with about
3 to about 30 ethoxy groups, but preferably greater than
about 7 ethoxy groups.

The polyoxyalkylsted amines are of the general for-
mula:

RaNy(CEHy 2

wherein R represents an oxyalkyl group containing
either 2 or 3 carbon atoms. These R groups can range in
number from sbout 4 to about 500, and that number is
represented by x. The number of nitrogen atoma is rep-
tesented by ¥ and preferably ranges from sbout 1 to
sbout 2; the alkyl group is preferably ethyl (CiHy).
Preferred polyoxyalkylated aminea are those having R
groups of 2 or 3 carbon atoms and having from about 30
to abhout 430 oxyalkyl groups. An example of & particu-
tarly preferred polyoxyalkylated amine is a polyoxyalk-
ylated diamine with about 50 ethoxy groups and about
60 propoxy groups.
The types of water-soloble anionic chemical surfac-

tants suitable fmmemthemrﬁcmtpachza of this
invention are listed in Table I'V.

TABLE IV

CLASSES AND SUBCLASSES OF
ANIONIC CHEMICAL SURFACTANTS
Carbaxylic Acids und Sl
Sationie Ackts wod Sel |

Lignuulfonates

Alkyfbenvencialionstes
AlkyThenvetwsnlionates, polymerized
Alkylaryteaiforates, sthort chain
Alkylaryhinlforates, polymerized
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TABLE IV-continued

CLASSES AND SUBCLASSES OF
ANIONIC CHEMICAL SURFACTANTS

Naphthakeneyulfonates
Alkylnaphthalcoesulfonates, polymerized
Naphthalene/formaldehyde condensate poalymen
Prtrolewno Sulfonates
Snlfomates with eater, etbet, or amide linkages
(dialkyl solfosuccinues)
Cther Sulfonates
Sulfarie Acid Esters apd Sales
Alcahols, sulfated
Alcohols, cthoxylsted and sulfated

Acids, Amides, and Esters, suifated

Naturs) Fats and Otls, sulfated

Phosphoric and Polyphospharic Acid Esters {and Saits)
Alcohols and Phenclh, alkoxylated and

phosphated (and their ualts)

Other and Polyphaspheric Acid

Esters (snd their malty)

Carborylic Acid Baters

In surfactant packages for both viscows crudes and
viscous residuals, the preferred water-soluble anjonic
chemical surfactants ere sulfonated or sulfated forms of
ponionic surfactants. In surfactant packages for viscous
crudes, ethoxylated alcohol sulfates are preferred. In
surfactant packages for viscous fesiduals, sulfonated or
sulfated ethoxylated alkylphenols and cthoxylated alco-
hol sulfates are preferred. In surfactant packages for
both viscous critdes and viscous residuals, alkylaryl
sulfonates are also preferred anionic chemical surfac-
tants. The ethoxylated end sulfated alcohols are of the
general formula:

RIOCHL).0805M

wherein R represents an aliphatic group containing
from about 6 to about 16 carbou atoms, prefersbly from
about 12 to about 14, n represents the number of ethoxy
groups which can range from about 1 to about 4, prefer-
ably from about 2 to sbout 3, and M includes, but is not
limited to, ammaonium (NH,), sodinm (Na), potassium
(KD, calcium {Ca) or triethanolamine, preferably ammo-
nium. [For a list of commercially availabie ethoxylated
alcohol sulfates, see “Surfactants and Detersive Sys-
tems” in: Encyclopedia of Chemicaj Technology, su-
pra, p. 357] The aleohol maiety of the ethoxylated
alcohol sulfate can be an even or odd number or mixture
thereof.lnsurfamntpackngesforviwomcmdea,m
example of a particulariy preferred ethoxylated alcoho!
sulfate is poly(3)ethoxy Ciz-Ciq linear primary alcohol
sulfate, ammonium salt. it is also possible to use none-
thoxylated alcohol sulfates, Le., aleohol sulfates of the
formuls R(OC:H(),0S03M as described supra but
whercin n=0, In surfactant packages for viscous residu-
als, an example of a2 particularly preferred aonethox.
ylated alcohol sulfate is the sodium salt of a snlfated
laury! elcohol.

The sulfated ethoxylated alkylphenols are of the gen-
eral formula: *

RCHAOCIH)0509M

wherein R represents an alipbatic group containing at
least about 8 or 9 carbon atoms, n represents the number
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of ethoxy groups which can range from sbout 1 to about
100, preferably from about 4 to about 9 and M includes,
but is not limited to, ammonium (NH4+), sodium
(Na+), potassium (K+) and calelum {Ca++) or trie-
thanoloamine (TEA), preferably smmonium.

An exatnple of a particularly preferred sulfated eth-
oxylated alkylpkenol is the ammonium salt of a sulfated
nenylphenol ethoxylate containing, but not limited to,
gbout 4 ethoxy groups.

The alkylaryl sulfonates are of the general formula:

RaARw(S03):M

wherein Ar is an aromatic group which is benzyl, naph-
thyl, phenyl, tolyl, xylyl or cthylphenyl, R is a linear or
branched chain slky! groap containing from about 2 to
about 16 carbon stoms, n is | or 2, mis | or greater, x
is at Jeast about 1, and M includes, but is not limited to,
ammonium, sodium, potassium, calcium or triethancl-
amine. [For a list of commercially available alkylaryl
sulfonates, see “Snrfactants and Detersive Systems™ in:
Encyclopedia of Chemical Technology, stpra, p. 358.]
An cxample of an elkylary! sulfonate is g taodified
amine dodecylbenzenc sulfonate. In surfactant packages
for viscous residuals, an example of g particularly pre-
ferred alkylaryl sulfonate is the sodium salt of polymer-
ized alkyinaphthalene sulfonate.

The preferred water-soluble microbial surface active
egeats for use in the surfactant packages of this inven-
tion are any microbial or other biologically-derived
substances which function as bioemulsifiers, i.e., sub-
stances which, by virtue of such characteristics as large
molecular weight, polymeric nature, highly specific
three-dimensional structure, hydrophobic and hydro-
philic nature, and sparing solubility in oil, effectively
cover the oil/water interface maintaining discrete, indi-
vidual oil droplets in oil-in-water emulsions thereby
substantially stabilizing emulsions from corléscence,
Among the preferred bicemulsifiers are heteropoly-
seccharide biopolymers produced by bacteriz of the
genus Acinetobacter and the genus Arthrobacter, and
in particular, those produced by straims of Acinetobacter
calcoaceticus. Such Acinetobacter beteropolysaccharide
biopolymers include, but are not limited to, polyanionic
heteropolysaccharide biopolymers, a-emulsans, 8-
emulsans, psi-emulsans, apo-a-emulsans,. apo-g-emul-
sams and apo-psiemulsans produced by Acinetobucter
calcoaceticus ATCC 31012 (deposited at the American
Type Culture Collection in Rockville, MD) defined in
Section 4 and described in US. Pat. Nos. 4,395,153,
4,395,354; 3,941,692; 4,380,504; 4,311,830, 4,31 1,829;
and 4,311,831, respectively (hereby incorporated by
reference). Other Acinetobacter calcoaceticns materials
thncanbcusedmtheproductaofstmimNS—l
(NRRL B-15847), NS4 (NRRL B-15848), NS-3
(NRRL B-15849), NS-6 (NRRL B-15860) and NS.7
(NRRL B-15850). The foregoing “NS™ strains have
been deposited at the Northern Reglonal Research Cen-
ter in Peoria, IL and have been assigned the foregoing
NRRL accession numbers. the “NS™ strains of Acineto.
bacter calcoaceticus are described by Sar and Rosenberg,
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Curreat Microbiol. 9(6):309-314 (1983), hereby incor- TABLE V-continned

porated by reference. Other Acinetobacter hetercpoly- MICROBIAL SURFA s
saccharide biopolymers are those produced by Acinet- (o Compound Mhou?s;c::ve AGENE

bacter calcoaceticus BDY [Taylor and Juni, 3. Bacteriol, -
81: 688-693 (1961), hereby incorporated by reference]. 3 TP P TR AR
Purticularly preferred Acinstobacter heteropolysaccha. Toruloprts gropengiesserl
ride biopolymers are the q-emuisans, the production of ?,"?xﬁm Lactobacillvs fermentt
which is further described in U.S. Pat. Nos. 4,230,801 Polyssccharide- Arthrobacter xpp.
and 4,234,689 (hereby incorporated by reference). The 10 m‘“ﬂ L. Candida tropicalis
a-emulsans are charscterized by & Specific EMUSific- s scne rpoces”
tiop Activity of about 200 units per milligram or higher, Lipopeptides Bociflus subsiliy
where onc unit per milligram of Specific Bmulsification Bartllus metenterivus
Activity is defined as that amount of emulsifying activ- it perophilan
ity per milligram of bioemulsifier which yields 100 Klett Corynebacterium lgpies
absorption units wing a standard hydrocarbon mixtire Nocandis axtrroldes
consisting of 0.1 ml of 1:1 (v/v) hexadecane/2-methyl- 7 Sty o
naphthalene and 7.5 mi of Tris-Magnesium buffer. Ornithine lipids Prnudomonas rebespers

The foregoing Acinctobacter biocmulsifiers can be 20 Thiobacils thinxidins
used in the surfactant packages of thiy invention in a Gluconobacter cerings
variety of forma including, but pot Yimited to, past-fer-  Protein Preudomongs acruginesc
mentation whole broth; cellfree (Millipore-filtered, ~ Fovpholivids ik rosin
e.g.) or partially cell-free supernatants of post-ferments- 28 Corpnebocterium alkanolyticurm
tion culture broth; the cells themselves; protessetreated, S{H&w
liquid or dried materiais; and protesse-treated, ultrafl- o oy erococeus cerfficans
tered, Iiquid or dried materinls. Nentral tipids

Numerous other microbial organisins may possibly  Casboxylic acide Corprbactertum lepst
serve a2 a source of biological surface active agents, 3¢ Eacodomatts ¢pp-
including biosurfactants and bioemulsifiers, for use in . . Pesiclilion wur
the surfactant packages of this invention. Some of these Aspergilizs epp.
microorganisms and the types of compounds they pro- ;mi"’"m
duce are listed in Table V, though the list is oot exhaos- Candidn cloocoe

tive.’I‘henrfacta_mpmhgunftlﬁainmdonmynlso” Nentral lipids and Mycobactertum riodochrow
be formulated with wateroluble cationic chemica] TS OTANY sk Arbroloc puraia
surfactants, including, but not limited to, oxygen-free ATCC 19358 :
amines, oxygen-containing amines, amide-linked amines Myeobocterium locticolum
and quaternary ammonium salts. Use of catiomic chemi= 49~ .

cal surfactsnts in conjunction with microbial surface  Polymochasides
sctive agents would require that the charge characteris- Heteropolyscoharides  Xonthomonas campentris

tic of the biological compounds be considered. For mmmhm comperiris NRRL
example, cationic chemical surfactants would probably Archmbaczer viscomus
best be used in conjunction with neutral microbial sur- 45 Arthrobactey vixconus NWR.
face active agents and would probably best not be nsed ille?h!ykmoum
in conjunction with the preferred polyanionic hetero-  Homopolysscchaides  Lactobaciion wo.
£ H 3 M NRRL B3696
polyssccharide bioemulsifiers. . echplomanar  macess
TABLE V 50 Achma:fm
TCC 31012
MICROBIAL SURFACE ACTIVE AGENTS A
Carbolipdrate-containing ‘ Yerrinio pesti
surfee sctive agerts : Orber Sartace S aloaaceticus
Trebaiose Ankrobacter 33
e Arthrobacier ;:'mmn KY4303 Active Agenty -
Mycolmterium spp, minown or pootly Prendemonns wpp.
Mypcobacterium tregmatis characterized FPseudomones arruginasa
Mycobacterium kaxsaslt FPaeudomonay olecroreny
m fubercwfoxis FPyeudomonas putida
Phiet Y] Pacudomanas e m
Mycobactertum rhadochroiss Pendomoncy methas
Mycobactert Coryncbecteriuom
Nocardk n:lhmm Corynsbacteriom sp. ATCC 21235
Necerdiz awroider Corpnebarisrium
Nocardlo rhodockrons elaziuy UWOK0S
Coryncbactevium spp. {3 Bociftus subdlis
Corymebacterism diphiherios Baclihes hexacarbororum
Brevibacterien Candida spp,
Rhamunolipids Arthrobacter paroffineus ‘ Candlda wtilis
Pestadomonas seruginosa . Candida erils ATCC 9226
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TABLE V-continged

MICROBIAL SURFACE ACTIVE AGENTS
— R S DT AL ACTIVE AGENTS
Microbld Componnd Microbial Soutts

Coandida gutlliermondii
Candida rgesa
Candida Iypolyrica
Apergilley niger

3p
Achromebacier p. ATCC 21910
Actromobacier axile
Ach " trap

Aurehazidium pullulgms
Arthrobacter sp. ATCC 21908
P
Micrococcns sp. ATCC 21909
Micrococeus cevificans ATOC

14987

Surfactant packages can be formulated from nonionic
chemical surfactants or combinations of noniogic. and
anionic chemical surfactants {preferably in sbout a 1:1
ratio by weight) without bicemulsifiers but preferably,
for emulsion stabilization, with bicemulsifiers in the
range of about 1% to about 50% by weight, Surfactant
packages comprising bioemulsifiers in the range of
about 10%% to about 209% by weight and particularly
around 13% by weight are preferred. Examples of sur-
factant packages are: (2} sbout 109 to abont 159 a-
cmulsan by weight in combination with ethoxylated
secondary aleohols having carbon chains of about 11 to
about 15 carbon atoms in length [e.g., Tergitol 15-8-X

10

15

15

30

35

(Union Carbide Corp.)), where X represents the number

of moles of ethylene oxide and is preferably greater than
7; (b) about 10% to about 159 a-cmulban by weight in
combination with about 20% to about 255, by weight

of en ethoxylated trimethyinonanol Je.g., Tergitol 45

TMN-6 (Union Carbide Corp.)] and about 60% to about
0% by weight of an ethoxylated alkyl phenol [eg.
Triton X-114 (Rohn & Haas Co.)}; and (c) sbout 159
a-cmulsan by weight in combination with an ethoxyl-
ated alkyl Pphenol having an R group of sbout 8 or 9
carbon stoms [e.g., Tergitol NP<40 (Union Carbide
Corp)l. A particularly preferred surfactant package
comprises ebout 10% to abowt 209 a-emulsan by
weight in combination with a nonionic ethoxylated
alkyl phenol fe.g., Tergitol NP-40] and an anionic eth-
oxylated alcokol sulfate [e.g., Alfonic 1412-A (Conoco,
Inc.)), using the nonionic and anionic sarfactants in a
proportion of about 1:], The partictlarly preferred
surfactant packages are exemplified by the surfactant
package comprising about 159 by weight a-emnlsan,
aboat 42.5% by weight Tergitol NP40 and sbout
42.3% by weight Alfonic 1412-A. Surfactant packages
may be formulated full strength or in diluted aqueous
tolution. The surfactant package most preferred for use
with viscous residuals is a combination of anionic sur-

factants, 85% by weight of an ethoxylated sulfated
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nonylphenol, and 15% by weight of the sodium salt of
8 polymerized alkylnaphthalene sulfonic scid with a
molecular weight of at least about 500 daltons and pref-
erably et least about 2000 daltons,

6.2. Viscous Crude Oils and Residua)] Oils

The surfactant package compositions of this inven-
tion can be used to emulsify or emulksify and substan.
tially stabilize numerous viscous hydrocarbons in oil-in-
water emulsions which may be subsequently trans.
ported and/or directly bumned. As there is 0o univer-
sally accepted, precise definition of the viscous hydro-
carbons suitable for use in this invention, they are best
described in terms of their general characteristios. Vis-
¢ous hydrocarbons encompass naturally-occuring vis-
cous crude oils (also called heavy crude oils) as well as
residual bottom-of-the-barrel products from refineries,
such a5 vacuum resid, other residual fuel oils and as-
phalt. [See Section 4, Nomenclatugze, supra.] While low
gravity does not necessarily coincide with high density,
these characteristics are geaerally correlated in viscons
hydrocarbons. .

Generally, the following characteristics are consid-
ered typical of the types of crude ofls and residual oils,
the handling and utilization of which can be facilitated
by the compositions and methods of this invention:

1. Low AP1 gravity, gencrally st or below about
20°APL This is the most frequently used criterion, both
bocauuitiseasilymmuredmdbacausem‘APlcmde
roughly corresponds to the lower Lmit recoverable
with conventional production techniques.

2, Viscosities in the rangs of shont 102 to 106 centj-
poise (cp) or even higher in some cases.

3. High metal contents. For example, heavy crudes
oftcn have nickel and vanadium contents as high as 500
ppm.

4. High sulfur content, ¢.g,, 3 weight percent or more,

3. High asphaltene content.

6. High pour point.
lthtobenotul.ofcoum:.thatlightermxdsmy also
be emulsified and/or atabilized with the surfactant pack-
eges of this invention. However, since the transporta-
tion and combustion of light oils do not present the
same problem as highly viscous crudes and residuals,
the compositions and methods of this invention are
more particularly directed to the use of hezvy materials.
Nevertheless, it may be useful to form pre-atomized
fuels out of these light ofls for emissions reductions
purposes. Those viscous hydrocarbons which can be
emulsified with the surfactant packages of this invention
and which are most wseful to emulsify for transportation
and/or burning purposes can be generally defined as
baving & paroffin content of about 50% by weight or
less and an aromatic content of about 159 by weight or
greater with viscosities of about 100 centipoise or
greater at 130" F. The viscous residugls generally are
characterized by a paraffin content in the range from
aboat 4% to about 40% by weight, an aromatic content
in the range from about 159% to abowt 70% by weight
and an asphaltene content from about 5% to about 50%
by weight.

Z8}
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More specifically, the types of crude oils that can be
successfully emulsified and stabilized with the surfac-
tant packages of this invention include Boscan (Venezu.
els) crude, an east Texas crude, Jibaro and Barira (Peru)
crudes, El Jobo (Venezuels) crude, and & Kansas crude,
The specific viscous residuals that can be successfully
emulsified and stabilized with surfactant packages of
this invention include California vacuum resid, Okla-
homa vacuum resid, German visbreaker resid, Texas
visbreaker resid, catalytic hydrogenated resid, ROSE
resid, and cutback tar,

Furthermore, residusl fuel oils such as those classified
23 ASTM Grade Number 6 Qils can also be emulsified.
Number & oils, sometimes referred to as “Bunker C*
oils, are high.viscosity oils used mostly in commercial
and industrial heating. Their utilization aormaily re-
quires preheating in the storage tank to permit pumnping,

10
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60740 to about 80/20, and more preferably from about
65735 to about 75/25.

Informing oil-in-water cmulsions, it is economically
desirable to use as little of the surfectant package as
possible while maintaining scceptable emulsion charac-
teristics to suit the particular transportation or utiliza-
tion requirements. The surfactant packages of Section
6.1 can be used in proportions of surfactant package:hy-
drocarbon from about 1:100 to sbout 1:20,000 by
weight. The proportion vsed can depend on the type of
hydrocarbon to be emulsified and/or the purpose for
emulsifying it.

Oilin-water emulsion formation can be brought
about by any number of suitable procedures. For exam-
ple, the aquecus phase containing an effective amount
of surfactant package can be contacted with the hydro-
carbon phase by metered injection just prior (o a suit-

and additional preheating at the burner to permit atom- 3 able mixing device. Metering is preferably maintained

izing. The extra equipment and maintenance required to
handle Number & fuels in nonemulsified form usually
precludes its use in small imstallations. The ASTM stan-
dard specificstions for Number 6 fuel cils are summa-
rized in Table VI [*Standard Specification for Fuel 2

such that the desired hydrocarbon/water ratio remains
relatively constant. Mixing devices such as pump assem-
blies or in-line static mizers can be used to provide
suﬂ'tcient agitation to-csuse emulsification, As a more
5 specific example, for the transportation or utilization of

Qils,” ASTM Designation D396-80, in: 1981 Book of  residual oils, it may be possible to emulsify the hot resid-

ASTM Standards, Part 23].
TABLE V1
DETAILED REQUIREMENTS FOR
— NUMBFRGFUEL OUS
QOrade of Fuel Oil
(No.6, Preheating Required
for Barning amd Handling)
Minimum Maziotm
Fimh Point, [+]
*C.(F) {140
Weter and Sediment, 2000
Vol %
Saytolt Viscodty, ¢! {>500) {90009
Unfversal xt
G (100°F)
Furol st 50° C. (>45) (300}
(12° F.)
Kinematle: Viscoalty, eSt »n [
AL 50 C (11" F) ,
'thinnl-h arm foe nformation only sd not rily Linet-

"mmdwnubr danellxtion phot the mdimest by extraction shall oot exceed
2.00%. The scvomnt of seiment by extraction thall not zzceed 0.90%. A Asduction
{n quassity shal) be made for ail wantr mad sadimont tn excam of 1.0%.

6.3. Emulsion Pormation

The surfactant packages of Section 6.1 ¢can be used to
form oil-in-water emulsions contsining as much as
about 90% by volume of the viscous hydrocarbons
described in Section 6.2. The aqueous phase into which
they hydrocarbon is emulsified can be deionized water,
water from a municipal source, or any water, even
water with relatively large amounts of dissolved solids

such as connate waters or brines, normally located in %

proximity to oil production, trafsportation ot utilization
sites, The aqueous phase can also be an alcobol/water
mixture such &8 methanol/wsater, cthanol/water or
other tower alkanol/water mixturcs, and may further 4o
contain additives such as anti-corrosion agents, mtl-pnl-
lution agents or combustion improvers. Qil-in-water
emulsions preferably contain oil/water ratios of about

4B2175TA1 | >

ual oil in about 309 aqueous phase (v/v) with onc of

the surfactant packages of Section 6.1 as it exits the
vacuum still of a refinery. -
6.3.1, FORMATION OF PRE-ATOMIZED FUELS
AT HIGH TEMPERATURES

Some low gravity residual hydrocarbons are ex-
tremely viscous and require very high temperatures to
make them fluid enough to handle. Such hydrocarbons
can be characterized by a viscosity greater than sbout
1000 cp at 212* F. Maintaining such high temperatures
is not economically feasible for the long term storage
and transportation of these hydrocarbons. Also, it is not
economically feasfble to blend these viscous hydrocar-
bons with much lighter oils (cotter stock) due to cither
the quantity of lighter «il zequired to achieve s viscosity
which can be handled or ths unfavorable chamcteristics
of the viscous hydrocarbon which do not allow for

~ homogeneous blending of lighter oils.
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This invention offers a novel approach to handling

extremely viscous hydrocarbons by the stable disper-
sion of such viscous hydrocarbons into watar to form
pre-atomized fucls, Pre-atomized fuel formation is
achieved by heating the viscous hydrocarbon to & kigh
temperature in ordet 1o make it Ouid. The hot hydrocar.
bon phase is brought in contact with the aqueous phase
contaiming appropriate snrfactants and/or stabilizers as
described in Section 6.1. A key to achieving successful
pre-atomized fuel formation is the maintenance of pres-
sure throughout the entire process such that the aque-
ous phase is not allowed to vaporize. By maintaining the
appropriate pressure, le., the pressure required to pre-
vent the water in the aqueous phase from boiling, the
aqueous phase remains in 8 liquid state, thus allowing
the steble dispersion of the hydrocarbon phase into a
continuous witer phase. The resulting hot pre-atomized
fuel may be rapidly cooled using an appropriste heat
exchange device 5o that the outlet temperature of the
pre-atomized fuel Is below the vaporization temperature
of the aqueous phase at ambient pressure, Alternatively,
thepresmremaybemducedandlhemhtmoooladby
flashing a portion of the water contained in the pre-ato.
mized fizel.

6.3.2. Formation of Pre-Atomized Fuely Using A
Thermally Cracked Hydrocarbon Discharge
Asiagmanﬂyknownhthcmﬁnlngindmy.raid-

ual bydrocarbons obtained from the discharge of ther-

mal cracking units have presented unusgal problems,

The extreme conditions required in processing to obtain

greater quantities of high gravity hydrocarbons have

resulted in resids which are very susceptible to separa-
tion into distinct, ron-mixable fractions. The Teasons for
theoewrretmeofthisphmmmnmnotfully
known; however, it is believed that the destabilization
of high molecular weight components such as asphal-
tenes is a contributing factor. When such hydrocarbons
are wsed 10 form pre-atomized fuels as described in
Section 6.3, the resulting oil-in-water emulsion may
scparate into three phases after a short period of static
stotege. These phases consist of & low API gravity
hydrocarbon bottom phase, 8 water/surfactant migddle
phase, and a high API Bravity hydrocerbon upper
phase, Without wishing to be bound or restricted by any
particular theory, spplicants theorize that the separa-
tion may be due to the slow cooling of the pre-atomized
fuel which allows sufficient time for the occurtence of
complex internctions that may be attributed to both
“sticky state” and Ostwald ripening phenomens. The
mndmcymwardsemﬁoacanbedecmﬂbytheuae
ofanappmpﬂateheatexchmgedevieeorma.hodm
rapidly quench the fresh formed pre-atomized fuel to.g
temperature at lcast about 100" F. below the softening
point of the hydrocarbon. By rapidly quenching the
oll-in-weter emulsion as it exits the mixing unit, n stable
pre-etomizedﬁuxiamhicvedlhatdoesuotsepm
wimﬁme.lthfunhertheoﬁmdmtthcmpidemlhg
of the hot pre-atomized fuel does not allow sufficient
time for the complex interactions stated above 10 oecur.

6.1.3. Mixing of a slurry with a pre-atomized foel ‘
An economical way to increase the btu content ofa

liquid fued is achieved by incorporating 2 high softening
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point hydrocarbonaceous material (such as coal, coke,
ROSE residual, etc.) into a lower softening point fuel.
This is vsually sccomplished by grinding a high soften-
ing point hydrocarbon to form very small particles
(usually approximately 100 pm in size) and then, dis-
persing the solid particles in the Yiquid fucl. The disper-
sion of a solid in a liquid, however, usually results in the
production of a fue! with unfavorable characteristics
such as increased viscosity.

A novel method of economically utilizing 2 high
softening point hydrocarbonaceous material (such as
coal, coke, ROSE residual, etc.) is achieved by incorpo-
Tating it into a pre-atomized fuel. This is accomplished
byﬁxstg:indingnmalcﬂalofhighm&uﬁngpoimto
form very small particles (generally less than about 30
pm) end then forming a sturry by dispersing the parti-
cles in a continuous aqueous phase containing 3 pre-ato-
mized fuel-compatible surfactant package.

The slurry of dispersed particles is mixed at an appro-
ptiste ratio with a pre-atomized fuel formulated from a
bhydrocarbon other than that used to form the slurry.
The mixing of a sturry with a pre-atomized fuel results
in & Hquid fuel which has 3 viscosity lower then either
the slurry or the pre-atomized fuel prior to mixing. The
reasons for the reduced viscosity observed in s slurry/-
pre-atomized fuel mixture are not fully known; how-
ever, without wishing to be bound or restricted by any
particular theory, applicants believe that the reduction
of particle-to-particle interaction is & contributing fac-
tor.

6.4. Properties of Emulsan-Stabilized Hydrocarbosols

The hydrocarbon droplets of hydrocarbon-in-water
emulsions generally rise to the surface and “float” on
the aqueous phase in a process known as creaming,

40 provided the density of the hydrocarbon phase is less
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tlnnﬂiatoftheaqueomphnseandthcdropletshthe
dispemedphmaretoobigtobeslabmz:dby Brownian
motion, If the “cream"remainsundishubedforagiveu
period of time, the droplets coalesce, giving rise to two
separate phases. The emulsans, particularly a-emulsan,
are extremely effective in retarding coalescence and the
emulsan-stabilized droplets in the “cream™ are casily
redispersible in the aqueous phase.

The principal factors controlling emulsion stability
are clectrostatic (charge) effects and steric effects, The
properties of emulsans lend themsslves to optimal ex-
ploitation of thede mechanisms. Their large molecular
weight and highly specific three-dimensional strocture
result in an efficient coverage of the hydrocarbon/wa-
t2r intecface, This effectively prevents oil-to-oil contact
when collisions occur between adjacent droplets. Si-
multanecwily, the polyanionic nsture of emulsans
caitses the surfaces of emulsion droplets to be negatively
charged which creates repulsive forces and significantly
decreases the collision frequency between hydrocarbon
droplets. In addition, the absence of multimolecular
emulsan micelles in the water phase and the lack of
emulsan solubility in the hydrocarbon phate provides
an efficient migration and attachment of the emulsan
molecnles to the oil/water interface. The averal! chemi-

44
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cal requirements for emulsion stabilization thus become
very small and ‘directly related to the oil droplet size,
i.e., interfacial area desired.
The advantages that emulsans offer over classical
emulsion stabilizers may be summarizad as follows. In a
hydrocarbosol, emulsan predomirantly resides at the

- oil/water interface only; essentially mo measurable

emulsan is found in the water phase nor in the oil phase.
Very small amounts of emuisan are required, even in the
preseace of exccss water. The emulsan-stabilized hy-
drocarbosol cffectively resisty inversion to water-in-oll
emulsions, even at water:oil ratios of less than about 1:4,
This is partly due to emulsans’ insolubility in ofl and
may aiso be due in part to the specific three-dimensional
structure of the emulsan molecule.

6.5. Blending of Hydrocarbons

Insom:mhydmcubommybehooviscomforn

conventional processing or have characteristics (i.e.,
low gravity; excessive panaffinic, aromatic, and/or as-
phaltic contents; etc.) which make them unfavorable to
incorporate into stable pre-stomized fuels. One method

to reduce viscosity for processing or alleviate unfavor- 23

able characteristics is blending the unfavorable hydro-
carbon with one which is favorable resulting in 2 hydro-
carbon having characteristics suitable for pre-atomized
fuel formation. In this way an otherwise unusable hy-
drocarbon can be “sdjusted” to a usable form.

6.6. Transporation and Utilization of Hydrocarbosols
Hydrocarbosols, becuse they contain bioemulsifiers,
have properties which atlow them to be tramsported in
tankers, barges and more importantly through conven-
tional pipelines, including standard, non-heated pipeline
networks. Among the properties exhibited by hydrocar-
bosols that are particularly important for pipelining are

30
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for Number 2 or higher grade fusls depending on the

Where long storage periods or transportation over
long distances prior to utilization is not required, the
stability exhibited by hydrocarbosols becomes less criti-
cal. If short distance-transportation or on-site utilization
is contemplated, it may not be necessary to form bio-
emulsifier-stabilized emulsions. Farther, it is not neces-
sary to form stabilized emulsions in order to facilitate
combustion; Le., emulsion stability is not generally re-
quired for good combustion characteristics. Therefore,
pre-stomized fuels suitable for burning can be made by
emulsifying viscous hydrocarbons with the surfectant
packeges of Section 6.1 which sre formulated with a
chemical surfactant alone or a combination of chemical
surfactants. For instance, a 70/30, Number 6 fiel oil/-
water emulsion can be made with a surfactant package
comprising a nonionic chemical surfactant and an ani.
onic chemieal surfactant tn equal proportion by weight
and the resulting oil-in-water emulsion (which can also
be referred to as a pre-atomized fuel) car be burmned
directly.

7. EXAMPLES
7.1. Preparation of Bioemuhifiers

7.1.1. Preparation of technical grade a-emulsan

The aemulsans produced by Acinetobacter cal-
coaceticus ATCC 31012 during fermentation on-ethanol
are known bioemulsifiers a3 described in U.S. Pat. No.
4,395,354, incorporated by referemce supra. The o-
emulsans psed in the cxperiments described infra were
technical grade materials (unless otherwise indicated)

_ which were prepared in either of two ways. Both meth-

reduced viscosity, stabilization against conlescence 4

even under comsiderable rates of shear, compatibile
formation with high-salinity aqueons phases, and non-
corrosive nature. Hydrocathosols with viscosities

below about 500 ¢p at about 60" F. allow the economi- 43

cal mse of centrifugal pumps for transportation of oil at
acceptable flow rates and reasonable pressure drops.
For pipelining purposes, it it desirable to use the surfac-
tant packages of Section 6.1 at their minimum effective
concentrations which frequently are in & proportion
within the range of abont 1:100 to about 1:5,000. Hy-
drocarbosols may be stored in non-heated storage tanks
where agitation may be optionatly supplied to maintain
homogeneity.

Once transported to their destination, hydrocarbosols
can be demulsified il desired. More importantly, hy-
drocarbosals like other pre-atomized fuels can be uti-
lized directly, without dewatering, as burnable fuels,
They can be used In combustion facilities which pres-
ently use Number 6 fuel oils, or so-called Bunker C cils,
to fire, inter alia, steam generators, heating aystems ar
blast furnaces. Hydrocarbosols, a1 is the case with other
preatomized fuels, may potentially allow for less expen-
sive plant operation by reducing fuel costs, storage costs
and material handling costs. Hydrocarbosols and other
preatomized fuels may have applications as substitutes

AGTETAL 1>
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ods of preparation involved enzyme treatment and dry-
ing but differed in the order in which these steps were
performed. By one method, centrifuged (epproximately
90% cell-frec) fermentation broth containing a-emul-
sana resulting from « fermentation of Acinetobacter cal -
cogeeticus ATCOC 31012 in ethanol medivm was drum.
dried and the resulting material was treated in the fol-
lowing manner prior to use. A 109 by weight suspen.
sion of the material, so-called technical grade a-ewul-
san, wes prepared in deionized water and heated to
$0'-60* C, while coatinuously stirring. The pH of the
suspension was adjusted to pH 6.5 by adding 50% by
weight sodium hydroxide (dilated, if necessary). Prote-
ase enzyme (NOVO Industries, 1.5M Alcalase) was
added at & level of 1 part protesse:500 parts solid a-
emuisan, The mixture was allowed to remain at 50°-60"
C. while being stirred for about three hours. Resctions
were run (o compiction as judged by the absence of
vitible precipitable emulsan following centrifugation of
the reaction mixtare. After completion of the enzyme
treatment, the reaction mixtures were raised to approxi-
mately 70" C. to denatore the protease and stop its activ-
ity. The solutions were cooled ta room temperature and-
Cosan PMA-3) {Cosan Corporation), a preservative,
was added at a level of 1 part Cosan:500 parts g-emul-
san solution.

By another method, enzyme treatment of the a-emul.
san was performed prior to dfum drying according to
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the folowing protocol. Fermentation broth containing
a-emtulsan resulting from z fermentation of Acinetobace
ter calcoaceticus ATCC 31012 in ethanol medium was
centrifuged to remove approximately 90% of the bacte-
rial cells. To the centrifuged broth, protease enzyme (as
previously described) was added in a ratio of 1 gram
protease:500 wunits per milligram of Specific Emulsifica-
tion Activity (where one unit per milligram of Specific
Emulsifieation Activity is defined =8 that amount of
emulsifying ectivity per milligram of bicemulsifier
which yields 100 Klett absorption units using a standard
hydrocarbon mixture consisting of 0.1 ml of 1:1 (v/v)
hexadecane/2-methylnaphthalene and 7.5 mi of Tris-
Magnesium baffer). The protesse reaction wes ran to
completion as describad supra. The protease-treated
cemtrifuged broth was then evaporated to a 10% (wsv)
slurry of a-wmulsan. The slorry was sprayed dried and
the resulting material is also referred to as technical
grade c-emulzan.

1.12. Additional preparations of acinetobacter cal-
coaceticus bicemulsifiers '

Fermentations of Acinetobacter calcoaseticus ATCC
31012 were run on ethanol as described in U.S, Pat. No.
4,395,154, The following fractions of the resuiting broth
were used to formulate surfactant packages: whole
broth, supernatants, cells, enzyme-treated whole broth,
cazymetteated supernatants, enzyme-trested . cells
(where the enzyme treatment wes as described for the
tecond method in Section 7.1.1. suprs), homogenized
cells, boiled cells, and so-called "Millipore emulsan.”
Millipore emulsan is prepared by Millipore filtering
whale broth to remove cells, followed by enzyme treat-
ment {described supra) and ultrafiftration. The forego-
ing preparations were msed in liquid or wet form. The
Millipore emulsan samples can be further dialyzed
against ammonium bicarbonate and freeze-dried prior
to use in surfaciant packages.

Whole broth and enxyme-treated whole broth from
fermentations of Acinetobacter calcoaceticus ATCC
31012 on soap stock (run under conditions similar to
those deseribed in U.S. Pat, No. 4,230,801, incorporatad
by reference, supra) were also used.

Acinetobacter caleoaceticus NS-1 (NRRL B-15847)
Was grown in a fermeator on ethano! medium ynder
conditions similar to those described in U.S. Pat No.
4,395,354, Both whole broth and enzyme-treated whole
broth were uted to formulate surfactant packages,

Acinetobacter calcocceticus straing NS (NRRL B-
15348), N5-3 (NRRL B-15849), N§-6 (NRRL B-15860)
and N5-7 (NRRL B-15850) were grown for 3 days in
shakeﬂnskcnlmresinl%ethanolmediumuducﬁbed
in U.S. Pat. No. 4,395,354, Enzyme-treated whole broth
samples were prepared from the NS4, NS-5 and Ns-7
cultures. Enzyme-treated supcrnatant samples were
prepared from NS4, NS-5, NS-6 and NS-7 cultures.

]
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These preparations were also used to formulate surfac- 6o

tant packages.
1.2. Viscous Hydrocarbon Characteristics
7.2.1, Boscan crude oil
TheBowanmldeoilnsedintheexpcﬂmentsde-
scribed infra was a heavy crude produced from the
cilfields of western Venezuela, The characteristics of
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the crude, its specific gravity, API gravity ("API), par-
affin eontent (% by weight), aromatic content (% by
weight), asphaltene content (% by weight) and viscas-
ity (in centipoise) versus temperature (degress Fahren-
heit) profile, were determined experimentally and are
summarized in Table VIL The paraffin, aromatic and
asphaltene content were determined by the methods

described in Section 7.2.12, infra.
TABLE vII
BOSCAN CRUDE OIL CHARACI’ERISI‘ICS
Specific Gravity = o9m
API Qravity (caleulated) = 1.3 APl
Puraffin content = 18.0% (w/w)
Arematic content m 60.0% (w./w)
Asphaitene content - 0% {(wiw)
Viscosity (cp) Temperatnre (*F.)
4,500 140
24,000 00
192,000 &0
1.2.2. Texas fireflood crude oil

TheTenscrudeoiIusedintheexp:rimentsde.
scribed infra was produced from an oilfield in east
Texas (Quitmen, TX) by the fireflood method. The
characteristics of the crude, its specific gravity at 26" C.
[ASTM D1217-81], AP} gravity, paraffin content, arg-
matic content and viscosity versus temperature profile,
were detevmined experimentally es described in Section
T.2.11, infru, and are summarized in Table VILL.

TABLE VI
TEXAS FIREFLOOD CRUDE OIL CHARACTERISTICS
Specific Gravity = 0981
APl Gravity {calcutated) = 1.7 AP
Puraffin conteat = 26.1% (w/w)
Aromatic comten = 3LI% (w/w)
Viscoslty {ep) Tempersture ('F)
1,748 160
4,085 140
57152 120
27615 100
82.000 0

7.2.3. Number & residual test fuel ofl

TheNumbeerﬁdnalﬁmloilusedinthecxpuimcnt
described in Section 7.5 was obtaimed from the MIT
Erergy Laboratary (Cambridge, Mass.). The character-
istics of this residual fuel oil, its specific gravity, AP1
Exavity, paraffin content, aromatic content, asphaltene
content and viscosity versus temperature profile were
determined experimentally and are summarized in
Table IX. The paraffin, aromatic and asphaltene content
weredetnrmhedbythemethodsdescrmedinSecﬁon
1.2.12, infra.

TABLE IX
RESIDUAL NO. § TEST FUEL OIL CHARACTERISTICS

m
Specific Gravity = ooy

API Gravity (calculated) = 133" APL
Paraflin content = D% (wrw)
Argmhatic content = 1% (w/w)
Asphaltene contant w 19% (w/w)
Yisoosity (cp) Tem

1200 100

5,000 0

9+
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TABLE IX<continued TABLE XII
RESIDUAL NO. § TEST FUEL OIL CHARACTERISTICS OKLAHOMA VACUUM RESID CHARACTERISTICS
20.000 ) Specific Gravity = 9364
s API Gravity (cakculated) m 19.6° AP

7.2.4. Union cutback tar Argmatic content =

The Union cutback tar used in the experiments de- Vs Lo = Tensmater: (8
scribed infra was a California resid which had been 1098 00
mixed with cutter stock to facilitate handling, The char- 10 b ﬁg
acteristics of this tar, its specific gravity, API gravity, 251,440 120
paraffin content, aromatic content, asphaltens content,

ash content and viscosity versus temperature profile
were determined experimentally and are summarized in
Table X. The paraffin, aromatic and asphaltene content
were determined by the methods described in Section
72.12, infra.

TABLE X

UNION CUTBACK TAR CHARACTERISTICS
Specific Gravity = 09
APi Gravity (calculated) = 12.9* AFL
Paraffin contenst = 2% (w/w)
Aromuatic cottent = 3% (w/w)
Asphaltene content = W (wiw)
Ash cotiteol = T% (w/w)
Viscosity (cp} Jemperature (F)
1,796 N0
4,490 1%0
12,47 170
123479 130

7.2.5, California vacoum resid
The California Vacuum Resid used in the experi-

ments described infra was 2 vacuum bottom obtained 3%

from a Kern County crude cil and provided by & Cali-
fornia refinery. The characteristics of this residual o,
its specific gravity, API gravity, paraffin content, aro-

matic content, asphaltene content, and viscosity versus 49

temperature profile were determined cxperimentally
and are summarized in Table XI. The paraffin, aromatic
and esphaltene content were determined by the meth-
ods described in Section 7.2.12, infrs.

TABLE X1
CALIFORNIA YACUUM RESID CHARACTERISTICS
Specific Gravity = 9%
APl Gravity (ulculated) = 10.9° API
Parffin content = 17% (w/w)
Atomatic content w T2% (w/w)
Asphaltene contest = 11% (wiw)
Temperatpre (7}
4,450 0
27438 150
206,540 140
7.2.6. Okiahomsa vacuum resid

ﬁeoﬂahmmmreﬁansedhtheexpm
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described infra was a vacuum bottom obtained from a 60

mid continent refiméry. The charscteristics of this resid-
ual oil, its specific gravity, API gravity, paraffin con-
tcot, aromatic content, ssphaltene content, and viscos-
ity versus temperuture profile were determined experi-
mentally and are summarized in Table XII. The paraf-
fin, aromatic and asphaliene content were determined
by the methods described in Section 7.2.12, infra.

BTN _L_»
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7.27. CATALYTIC HYDROGENATED RESID
(H-OIL)

The H-0il used in the experiments described infra was
Mnedbynpmminwhichmidnﬂoﬂismmyﬁ-
ﬂl]yhydmgmted.'!'hisruidwu&mareﬁneryin
Louisians. The characteristics of this residual oil, its
specific gravity, AP1 gravity, paraffin content, aromatic
content, asphaltene content, and viscosity versus tem-
perature profile were determined experimentally and
are summarized in Table XIII. The paraffin, aromatic

ard asphaltens content were determined by the meth-
ods descrived in Section 7.2.12, infra.
TABLE XIT!
H-OIL CHARACTERISTICS
Specific Graviey = 1.0196
APT Qravity (calealaced) w 13" AP
Paraffin comient = 1% (w/w)
Aromatic content = 5T% (w/w)
¢ Asphaltene cogtent e 21% (w/w)
Viscostty {cp} Tewporature ('F) _
2424 0
19,936 160
244,703 120
1.2.8. Rose resid

The ROSE resid used in the experiments described
infra was obtained by the ROSE (Residuum Oil Super-
critical Extraction) process whick extracts remaining
light fractions from vacunm bottoms. The characteris-
tics of this residual cil, its specific gravity, API gravity,
paraffin content, aromatic content, asphaltene content,
and viscosity versus temperature profile were deter-
mined experimentally and are summarized in Table
XIV. The paraffin, aromatic and esphaltenc content
were determined by the methods described in Section
1.2.12, infra.

TABLE XIV

ROSE RESID CHARACTERISTICS
Specific Gravity = L1
APl Gravity (calculated) = - 105" APl
Pamifin content = 4% (w/w)
Aromatic oonmnt = 18%: (w/w)
Asphaltene content w T8 (w/w)

7.2.9. German visbreaker resid

The German visbreaker used in the experiments de-
scribed infra was obtained by thermal cracking of vac-
uum bottoms. The visbreaker resid was from a refinery
located in the Foderal Republic of Germany. The char-
acteristics of this residual oil, its specific gravity, API
gravity, paraffin content, aromatic content, asphaltene
coutent, and viscosity versus temperature profile were
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determined experimentally and are summarized in
Table XV. The paraffin, aromatic angd asphaltene con-
tent were determined by the methods described in See-
tion 7.2.12, infra,

TABLE XV
GERMAN VISBREAKER RESID CHARACTERISTICS
Specific Gravity = 955
AP Gravity (calculrted) = 166" AFT
content = 17% (w/w)
Aramatic content = 1% (w/w) -
Asphaltene content = D% (w/w)
Viscosity (cp) Tempersture ('F.)
1470 200
16389 150 1
174,032 120

7.2.10. Texas visbreaker resid
The Texas vishresker used in the experimenis de-

scﬁbedinfrnwuobminedbythermdmnkingofvac- »

uum bottoms. The visbreaker resid was from a refinery
located in ‘Texns. The characteristics of this residual ofi,
its specific gravity, API gravity, paraffin content, aro-

5

matic content, asphaltane content, and viscosity versus 25

temperature profile were determined experimentally
andsresn.mmnriudin'l'ablem’mcparafﬁn, ato-
matic and asphaltene content were determined by the

methods described in Section 7.2.12, infra.
TABLE XVI
TEXAS VISBREAKER RESID CHARACTERISTICS
Specific Gravity = 0.98%
API Gravity (calculsted) s 11.6" AP
Parafiin conteryy = % (w/w)
Afomatic coatent - HE (w/w)
Asphaltens content = 4% (w/w)
Viscosty (cp) Tetiperature (*F.)
4“9 w0
293 160
4,624 120
61,782 20

7.2.11. Methods for determining hydrocarbon charac-
teristics | 4
Viscosity versus temperature profiles were obtained
by heating the oils to the given temperatures of Tables
VI-XIN and XV-XVI and measitring viscosities in a

Rbeomat 30 rheomecter {Contraves AG), at an approxi- 50

mate shear rate of 30 sec,~1,

The paraffin content and aromatic content of some of
the oils of the foregoing examples were determined by
nmcthndiuwhichmeoﬂisacpamtedintofmtims
based on hydrocarbon solubilites in n-heptane and
methylene chloride. The paraffin fraction is defined as
that hydrecarbon fraction which is soluble in n-heptane.
The aromatic fraction is defined as that hydrocsrbon
fraction which is soluble in methylene chloride,

Thetnamia!susedarelsfollmananalyﬁcalba]-
ance, accurate to'0.1 milligram (mg), a 300 millimeter
(mm) burette-type chromatography column, tared col-
lection flasks, reagent grade methylene chloride, n-hep-
tane (99 mole percent) and alumina adsarbent. The
alumina was activated by heating it in an oven set at
310° C. for 12-14 bours. The alumina was cooled in 3
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dessicator and stored in a tightly capped bottle prior to
use. Chromatography columns packed § full wers used,

The separation was carried out by quantitatively
weighing 500 to 1000 mg (0.1mg) of sample oil. Vis-
cous oils were weighed into sample pouches made of
tissue paper which were subssquently placed into the
coloom. (Non-viscous oils are usvally weighed directly
into the columns.) After introduction of the sample oil
into the columns, 200 to 250 m| of n-heptane were al.
lowed to flow throngh the columa, It was prefcrable for
the solveat to be added in a manmer which did not ex-
cessively disturb the alamning packing. The eluent was
collected in a tared evaporating flask. After all the p-
heptane had flowed through the column, the first evap-
onating flask was replaced with another tared flask,
Methylene chloride was then introduced into the col-
umn and allowed to flow through it,

The collected eluents were removed from each flask
by vactum evaporation following appropriate safety
precautions. The dry flasks were reweighed and the
percentage of paraffing and aromatics were calculated
based on the origina] weight of the ofl sample. ATl sam.
Ples were run in duplicate.

Specific gravity was determined by weighing a mea-
sured volume of sample oil and calculating the ratio of
the mass of the oil 1o the mass of an equal volume of
water. APl gravities were then calculated from the
specific gravity by the general formula:

A Ty TR - 11

7.2.12. Methods for determining hydrocarbon charac-
teristics, including asphaitene contant

The methods used to characterize the hydrocarbons
of Examples 7.2.1, 7.2.3 through 7.2,10 are essentially
the same as those in Section 7.2.11. However, a new
procedure was utilized for determining the asphaltic in
addition to the paraffinic and aromstic contents of vis-
cous hydrocarbons. It is described below,

The paraffin, asphaltens and aromatic contenty of the
sample hydrocarbons were obtained by a method in
which the hydrocarbons are dispersed in n-heptane, the
asphaltenes removed by Eltretion and the remaining
components separated based on their sojubilities in n.
heptane and methylene chloride, The asphaltene frac-
tian (the precipitate) is filtered from a dispersion of the
hydrocarbon in n-heptane, The paraffin fraction is that
portion soluble in n-heptane. The aromatic fraction is
that portion soluble in methylene chloride,

The materials used are a3 follows: an analytical bal-
ance, accurate 1o 0.1 milligram (mg), a blender (Onter-
izer Galazy 14} and blades fitted to a 500 ml Mason jar,
preweighed Whatman #1 paper, filter funnel, rotary
evaporation apparatus, a 500 millimeter {(mm) burette.
type chromatography column, tared collection flasks,
reagent grade methylene chloride, n-heptane (99 mole
peccent) and alumina adsorbent, The alumina was actj-

. vated by heating it in an oven at 310° ¢, for 12-14

hours. The alnmina was cooled in a dessicator and



1
stored in a tightly capped boitle prior to use. Chroma-
tography columns packed { full were used.

Hydrocarbon samples of 1-2 g were quantitatively
added to Mason jars containing 100 ml of n-heptane.
After blending for 1-2 minutes at maximum speed, the
jar and its contents were washed with an additional 100
ml of n-beptane. The disperssd sample was filtered
through Whatman #1 paper and the filtrate collected
into Erlenmeyer flasks. After introduction of the filtrate
to the column, the effluent was collected into a tared
evaporation flask. When n-heptanc was completely
eluted, 200 m! of methylene chioride was added to the
column and the eluted material collected into another
tared evaporation flask until the column ran dry.

The eluting solvents were removed wsing a rotating
Vacuum evaporator at temperatures appropriate to the
solvents,

The tared filter paper and flasks were reweighed and
the percentage of asphaltenes, parsffing, and aromatics
were calculated based on the original weight of the
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70730 Boscan crude/water emulsions at as low & treat-
ment rate as | part per 20,000 parts oil.

TABLE XVII
SURFACTANT PACKAGES FOR. EMULSIFYING
BOSCAN CRUDE
% of Component (w/w)

Puckage # in Surfactant Package
Component i F 3 £ 5
a-Emulsan m — 13 i3
Terghal 15-5.X L - - —
Tergito! TMN-6 - -— - -
Tergitol NP-40 - - 100 L] 423
Triton X-114 -_— [ ] -— - -_
Alfonic 1412-A - - - - &8

Other surfactants which successfully [alone or in
combination] emulsified general type viscous oils in-
cluded Alfonic 1012-60 (Conoco, Inc.), sn ethoxylated
linear alcohol with chain fengths of 10 to 12 carbon
atoms {Cip~Ci2} and 60% ethoxylation; Protowet 4196
{Proctor Chemical Co.), a sodinm salt of a sulfosucci-

. . . nate of & nonyl phenol ethoxylate; Protowet 4337 (Proc-
sample. Individual samples were run in duplicate, All s . !

o ing in the foregoing tables for paraf- tor Chemical Co.), sadivm dicyclohexyl sulfosuccinnte;
lﬁ . ges o Igupl } teat have t ad. 23 Tween 30 (ICI Americas, Inc.), polyoxyethylene (20)

justed o 100% recovery for comparative purposes,
7.3, Viscosity Reduction Experiments

7.3.1. Surfactant Packages and Emulsification of Hy- 3

drocarhons
‘The compoxitions of five surfactant packages which
have been wsed successfully to emulsify Boscan crude

sorbitan monooleats; Pluronic F88 (BASF Wyandotic),
a block copolymer of propylene oxide and ethylene
oxide; Petronate L (Witco Chemical Corp.) » sodium
petrolenm sulfonate; and Conoco AXS (Conoco, Inc.),
ammoniim xylene sulfonate.

The compotitions of several surfactant packages
which have been successfully used to emulsify Okla-

oil are presented in Table XVTI. Thke a-ctnulsan used  boma vacuum resid are listed in Table XVIIL. The a-
waa a technical grade a-¢mulsan prepared according to 35 emulsan used was prepared from a whole broth of emul-
the first method described in Section 7.1.1. The chemi-  3an according to the methods described in Section 7,1.2,
cal surfactants, Tergitol 15-5-X (where X indicates the  The surfactants, Tetronic 7007 (BASF Wyandotte
number of moles of ethylene oxide), Tergitol TMN-§,  Corp.), Alipal EP-110, CO436 (GAF Cor.), Daxad 17
Tergitol NP-40 (Union Carbide Corp.), Triton X-114  (W.R. Grace & Co.) Nopcosant (Diamond Shamrock),
(Rohm & Hass Co.) and Alfonic 1412-A (Conoco) are ¥ Triton X series and Tamol 850 (Rohm & Hass Co.),

commercially availabie. Emylsions were formed in an
Oaterizer Galaxy 14 blender at low speed in a manner
preventing the beating of air into the emulsion. The
ratio of Boscan crude to deionizad water was 70:30 by
volume (v/v). The surfactant packages were used suc-
cessfully over n range of 1:230-1:2,000 [surfactant pack-
age:oil, by weight (w/w)]. The surfactant package com-
priving 15% c-emulsan, 42.5% Tesgitol NP<40 and
42.3% Alfonic 1412-A Wwas considered a preferred sur-
factant package for use with Boscan crude oil Emul-
sions (70/30, Boscan crude/dcionized water) formed
with this surfactast package at 1 part per 2,000 pars oil
have been observed to be stable and maintain reduced
viscosities for a period of at lesst three weeks. In addi-
tion, this surfactant package has been used to form

43
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Tergitol NP seriea (Union Carbide Corp.) and Conco
Sulfatc 219 (Continental Chemical Co.) ares commer-
cially available. Exmlsions were formed in an Osterizer
Galaxy 14 blender at medium speed in 2 manner pre-
venting the beating of air into the emulsion. The mtic of
the Oklahoma vacuum: resid to tap water was 70:30 by
weight (w/w). The surfactant packages were used suc-
cessfully over a range of 1:10 to 1:250 (surfactant pack-
age:oil) by weight (w/w). The surfactant package com-
prising 159 Daxad 17 and 85% Alipal CO-436 was
considered a preferred surfactant package for use with
Oklghoma vacuum resid. The emulsion produced with
this packsge has been observed to be stable and main-
tain a reduced viscosity for at least 5 weeks, This formu-
lation has been used to form a 70/30 resid/water emul-
sion &t a treatment as low a3 1 part to 750 parts of oil,

TABLE XVIII

SURFACTANT PACEAGES FOR PRE-ATOMIZED FUELS

% of component In package {w/w)

of fn
6 7 L] 9 10 1

@-Barnbwe:
whole bruth

13

Tetronic 707
Alipal EP-110
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TABLE XVIll-continued

M

SURFACTANT PACKAGES FOR PRE-ATOMIZED FUELS
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The residual hydrocarbons described in Sections
124, through 7.2.10. were successfully emulsified into
stabie pre-atomized fuels with certain of the surfactant

packages listed in Table XVIIL For the California and 40

Oklahomsa vacyum resids, the preferred surfactant
package was Package #19, For the Union cutback tar,
the preferred surfactant package was Package #23,
Package #18 was preferred for we with the German .
visbreaker resid and Package #17 was preferred for the

Texas visbreaker rexid, the ROSE resid

cally hydrogenated residus] oil,
Table XTX lists the types of oils that have and have
not yet been successfully emulsified into stable emul- 50
slons (see Section 3) with verious surfactant packages.
Alltheoilslistedashavingbeenmccessﬁu}yemulsiﬁcd
to form stable emulsions can be emulsified with a surfac-
tant packsge comprising 15% a-emulsan (techpical
grade), 42.5% Tergitol NP-40, and 42.5% Alfonic 1412. 5

A {weight percent) used g i
weight. The method used for

and the catalyt-

part per 300 parts oi) by
determining paraffin and

aromatic content (weight percent) is described in Sec-
tions 7.2.11 and 7.2.12.

60
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TABLE XIX
PARAFFIN/AROMATIC CONTENT AND
EMULSION STABILITY
— EMULSIONSTABILITY
Form
Puraf- Arp- Stabie
‘Ol Type e % %  matic % Emolsiom®
Boscan Crude n 18 €0 yes
Ulnta Crude 2 8 15 o

TABLE XIX-continued

PARAFFIN/AROMATIC CONTENT AND
EMULSION STABILITY

Farm
Asphal-  Pamafe Aro. Stable
0il Type tene %  fin% matic % Emulsions*

So. Calif, o 12 po
Fuel Oif

Texas Fireflood 6 [T
Crude

Bombay Crude 1 I
Number & Rexidual 39 fx) 38
Fued O8

Jibaro Crude 1% &
El Jobo Crode 13 n
Kanizs Crsde 43 41

43 @8 1

“Sou Saction } for description of suble emulsions

7.32. Effect of methanol in agueons phase on pre-ato.
mized fuel viscosity

Pre-atomized fuels were formed in a blender at low
speed (in 2 manuer preventing the besting of air into the
emulsion) with methanol incorporated into the aqueous
phase. The hydrocarbon used was 8 mixture of Number

6 residual fuel oils, designated Amelia Fuel oil. The .

specific gravity of Amelia Fuel ofl was 0.996 and its
API gravity was 10.6°API. The viscosity versus tem-
perature profile is shown in Table 30X

11
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TABLE XX TABLE XXII
VISCOSITY V5. TEMPERATURE FOR EFFECT OF WATER CONTENT ON VISCOSITY
—AMELIA FUEL OIL. OF BOSCAN CRUDE Ol PRE-ATOMIZED FUELS
‘Viscosity (cp) Temperature ("F.) s Water Comtent, % {¥/v) Vicatity (cp) st 100" F,

1,046 100 Y} 2
1,405 90 7 140
2,190 80 30 in
1578 w0 33 r)
6,209 &0 s 5

10 9 36

The surfactant package comprised 15% a-emulsan
(technical grade), 42.5% Tergitol NP-40 and 43.5%
Alfonic 1412-A (w/w). ‘

The surfactant package was added to squeous phases
containing various proportions of methanol and deion-
ized water. The aqueous phases were blended at low
speed for approximately 15 seconds to form pre-ato.
naized fuels wherein the ratio of Amelia Fuel to squeous
phase was 7(:30 (v/v). Enough of the surfactant pack-
age was added 10 the aqueous phase such that the final
proportion of surfactant package to Amelia Fuel in the
pre-atomized fuel was 1:250. Table XXI summarizes the
variation of viscosity of the pre-atomized fuel as the
composition of the aqueous phase was varied. The re-
sults suggest that addition of methanol up to at least
about 45% does not significantly affect viscosity reduc-
tion by the surfactant package.

TABLE XX1
EFFECT OF METHANOL IN AQUEOUS PHASE ON
VISCOSITY

%! Methano! %! Waser Visoority (cp)?
0 1000 ns
10 90 192
2.3 975 32l
49 95.1 612
100 90.0 M3
115 1] 379
ny [ 75 150
130 250 194
24.7 733 164
al 557 12
100.0 0 11537
LW,
a0 100 F.

7.3.3. Effect of water content on pre-atomized fuel vis-
cosity

Experiments were performed with the Bescan crude
oil described in Sectior: 7.2.1, the Number 6 residual test
fuel oil described in Scction 7.2.3 and the Amelin Fuel
oil described in Section 7.3.2 to determine the effect of
variations in the proportion of the aqueous phase to il
phase on pre-atomized foel viscosity. The surfactant
package used in all three sets of experiments comprised
15% a-emulsan (technical grade), 42.5% Tergitol
NP0 and 42.5% Alfonic 1412-A (w/w). The viscosi-
ties reported in Tables X001, XXIII and XXIV were
measured on the Rheomat 30 as described in Section
7211,

Boscan crude oil was emulsified st low speed in 2
blender (as in Section 7.3.1) in varions proportions of
water using a surfactant package eatio of 1:250 based on
oil. Viscotities were measured at 100" F, The data are
tahulated in Table XXI1 and presented graphically in
FIG. 1.
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Similarly, Number 6 residual test fuel ofl was emulsi-
fied in various proportions of deionized water using a
surfactant package ratio of 1:250 based on oil. Viscosi-
ties were measured at 100* F. The data are tabulsted in
Table XXIT1.

TABLE XXI1I

EFFECT OF WATER CONTENT ON VISCOSITY
OF NUMBER § FUEL OIL PRE-ATOMIZED FUELS
‘Water Contant, % (v/v) Visoosity (cp) st 100° P,

t4 10021
16 4116
n 19.4
n 37
33 71.6

Additionally, Amelia Fuel oil wes emulsified in vari-
ous proportions of an aqusous phase consisting of
13.3% (w/w) methanol and 86.7% (w/w) deionized
water using a surfectant package ratio of 1:250 based on
oil. Viscosities were measured at 100° F. The data are
tabulated in Table XXTV,

TABLE XXIV
BFFECT OF AQUEOUS PHASE CONTENT ON VISCOSI-

»
33

TY OF AMELLA O, PRE-ATOMIZED
Aqueons Prase Content, % (v/v) Viscosity (cp) st 100° F.
18 1074
Fil m
] 34
n
)

In all three cases, as the oil:water ratio was increased,
the viscosity similarly increased.
7.3.4, Temperature effects on hydrocarboscls

Hydrocarbosols were prepared at low speed in a
blender (as in Section 7.3.1) with Boscan crude oil at
oil:water ratios of 72:28 and 63:37 (v/v) using a surfac-
tant package comprising 159 a-emulsan (technical
grade), 42.59% Tergitol-NP40 and 42.5% Alfonic 1412-
A, (w/w), at a ratio of 1:250 based on oil. The viscosity
versut temperature profiles of emulsan-stabilized Bos-
can crude oil hydrocarbosols were compared to the
viscosity versus temperature profiles of the unemuisi-
fied crude oil. The temiperature effects on hydrocar-
bosols were much Jess pronovncad than on the crude oil
from which the hydrocarbosols were formulated as
depicted-in FIG. 1.
7.3.5. Comparative static testing

The purpose of these experiments was to determine
the stability under static conditions of oil-in-water emul-
sions of viscous crude oils made with surfactant packs
ages comprising chemical surfactants, with or without
bioemulsifier, Specifically, the determination of the
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time course over which the oil-in-wazer emulsions
maintained a reduced viscosity without breaking or
inverting was desired to assess the ease and success with
which such emulsions can be handled for transportation
and/or storage purposes. Behsvior of viscous crude
oil-in-water emulsions was of further interest with re-
gard to the possibility of pump failures and shut-downs
during pipelining operations where emulsion stability is
desirable to avoid cmulsion breakage and circumvent
the need to re-emulsify prior to re-start of operations.

Several surfactant packages, the compositions of
which are shown in Table XXV, were used to prepare
oil-in-water emulsions (oil:water =70:30 0n a volume
per volume {v/v) basis] in which the ratio of surfactant
package to oil was 1:500 on 2 weight per weight (w/w)
basis. The surfectants used to formulate the surfactant
packages of Table XXV are commercislly available:
Tergitol NP-40 (Union Carbide Corporation} or Al:
fonic 1412-A (Conoco, Inc.). The surfactant packages
were formulated with or without a-emulsan (technical
grade} as indicated in the table directly below,

TABLE XXV

COMPOSITIONS OF SURFACTANT PACEAGES USED
IN STATIC TESTING OF EMULSION STABILITY

Surfactant ol w/w) in nctant Packs;
Package e-Brmlan  Tergito! NP4D  Alfoeic 1413.A
A [+] oo 0
B 15 13 1]
c [} 50 F)
D 15 413 415
B 0 u 25

The method used to prepare oil-tn-water emulsions
for these experiments was as follows, Into a suitable
contsiner, an amount of crude oil was welghed 50 as to
make up 709 (v/v} of the final emulsion. The crode olly
usedwu'etheanandTequimﬂnodmduas
described in Sections 7.2.1 and 7.2.2, sopra and also a
Kauusm:de.TheoilwuthunheaxedeO-ﬁo'C. Into
nupmtcconh.ha.theparﬁculumuﬁcmtpacme
chosen (see Table XXV) was weighed 20 as to yield a
1:500 ratio (w/w) of surfactant package to oil in the
final emulsion. Sufficient make-up water was added to
the surfactant package to provide a 30% (v/v} aqueous
phaseinthcﬁmlnlsion.'[‘hrcetypuofaqueous
phases were used: tap water, deionized water, or Texas
brine. The Texas brine comprised ions in the following
approximate concentrations [in parts per million (ppm)]:
sodium, 28,600; calcium, 1,800; mzgnesium, 290; ferric,
27; barium, 17; chloride, 47,900; bicarbonate, 540; and
sulfate, l!.'[‘heaqueousphasewuaddedtotheoil
phase snd blended using typical blender blades at low
speed, as in Section 7.3.1, ie, in & manner preventing
the beating of air into the emulsion. The individual
emulsions were stored in sealed containers for periods
ofuptoZ?daya.Thevisoonitywummreddaﬁy with
s Brookfield RVT Viscomster (Brookfield Engineer-
ing),equippedwithanRWspindlc.n 10 rpm at ambi-
ent {70-80" .} temperature. Five groups of emulsions
were subjected to the test and their compositions are
indicated tn Table XXVL
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TABLE XXV1
EMULSION COMPOSITIONS!
Surfactant
Group Ol Aguzouy Packape?
1 Texm Fireflood  Tap Water C
. Crode D
E
2 Bascan Crade Deionized Water A
B
3 Boscan Crude Texas Brine A
B
4 Texny Firefload Defonlzed Water A
Crude B
] Tesxas Firdflood  Texas Brine A
Crude B
3 Eansas Crude?  Tap Water c
D
7 Kanxas Crude Texas Brine [+
D

At ware 70:3), oil (i),
lsufmrummanm'uhuemud were whed at 1500, sarfectant

mﬂ(whluwhOWSndTMM9mw 1:1,000,
cTude cil et # visoasity of 1,127 o «t 76" F. The spreific gravity b 0.5¢1
g the AT gravity is 169" APL.

The results for Groups 1-7 (sec Table XXVT) are
tabulated in Tables XXVII-XXXII, respectively.
TABLE XXVTI
STATIC TEST DATA - GROUP |
% a-Emulan (w/w) in

Sorfactant Package
] s 50
Time (day) Viscosity (cp)
0 155 7 13
1 50 T00 6500
z £920 720 802
5 9920 1616 37100
6 10960 1790 6234
7 11383 2423 5130
8 10067 m7 4100
12 9800 m 498
1 lix2o U7 3500
14 10880 23 2997
16 10000 2060 2800
19 10200 2060 2510
B 10100 1732 2218
29 11700 1943 2760
TABLE XXVII

STATIC TEST DATA - GROUP 2

% o-Equlsan (w/w)in
—— Surlsctant Package
[ 15
Time (days) Viscosity (cp)
1 5 %
2 7% )
3 " 122
4 " 12
7 " 129
] 5 122
17 60 122
TABLE XXIX

STATIC TEST DATA - GROUP 3
— AR RO S

% a-Emubtan (w/w) in

Surfactsnt Package

[ 18
Time (days) Viscoaity (cp)
] 160 152
2 167 152
3 144 163
4 141 1%
7 167 144



4,821,757

39
TABLE XXIX-continged

STATIC DATA - GROUP 3
% a-Emubas (w/w) in
Surfactant

13

Q
Time {days) Viscoudty (cp)

L4 i20
17 144

129
122

TABLE XXX

STATIC TEST DATA - GROUP 4
% a-Emulsss (w/w)
Surfactunt

15

Time (days) Viscotiry (cp}
1 543 T3
1 “9 . 1ms
3 599 pEy ]
4 116 580
7 6616 17
9 §190 104
17 5202 037

TABLE XXX1 .
STATIC TBST DATA - GROUP §
% a-Eoulan (w/w) in
Sufactamt
'] 13

Time (days) Viscosity (op)
1 114 103
2 137 91
k] 106 o
4 110 106
7 110 114
4 9 118
17 M L

TABLE XXX11

STATIC TEST DATA - GROUP 6
% a-Bmuolen (w/w) in

Surfactant

1} 15
Time (days) Viscodity (cp}

0 17
i %0
1 ™
1 1697
] 1691
1 1526
15 1406
1% 1406

114

saIBges

TABLE XXX1n
ATA - GROUE 7
% a-Emulma (w/w) n
Surfactammt )

0 1
Viscouity (ep}

351
1 n
F] 1)
7 196
] m

11 184

13 mn

1t 14

Mas
n
in
5]
133
114
114
14

The resuits for Group | ixdicate that for emulsions of
the Texas fireflood crude in tap water, the addition of
13% (w/w) a-cmulsan (technicat grade), to a surfactant
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package containing co-surfactants Tergitol NP-40 and
Alfonic 1412-A was preferable to the sddition of 509%
{w/w) a-emulsan and was also preferable to excluding
a-emulsan from the surfactant package. The results for
Group 2 indicate that for emulsions of the Boscan erude
in dedonized water, the addition of 15% (w/w) a-cmuls
san to a surfactant package containing Tergitol NP-40
only did not improve viscosity reduction, although the
measured viscosities of cither emulsion, ie, with or
withouat a-emulsan, were acceptably reduced. The re-
sults for Group 3 indicate that for emulsions of the
Boscan crude in Texas brine, the addition of a-emulsan
to a surfactant package containing Tergitol NP-40 alone
did oot yield significantly different results from the
mrfactant package without a-emulssn, Nevertheless,
cither surfactant package, i¢., with or without a-emul-
san yielded acceptably reduced viscosities, The results
further demonstrated that brine can be used as aqueouns
phase. The results for Group 4 indicate that for emul-
sions of the Texas fireflood crude in deionized water,
the addition of 159% (w/w)a-emulsan to s surfactant
package contsining Tergitol NP-40 only is preferable to
omitting o-emulsan from the surfactant package. The
results of Group 5 indicate that for emultions of the
Texas fireflood crude in Texas brine, the addition of .
a-emulsan to a surfactant package containing Tergito!
NP-40 alone did not yield significantly different resclts
from the surfactant package without a-cmulsan, Never-
tbeless, either surfactant package, i.e., with or without
a-emulsan yiclded acceptably reduced viscosities. Com-
parison of the Group 4 data with that of Group § dra-
matically illustrates the effect of different aqueous pha-
ses on the viscosities of Texas fireflood crude oil-in-
water emulsions. The data indicate that the use of Texas
brine is preferable to the use of deionized water for
forming oil-in-water emulsions with Texas fireflood
crude, The results for Groups 6 and 7 indicate that for
emulsions of the Kansas crade in tap water or Texay
brine, the addition of 159% {(w/w) a-emulsan to a surfac-
mnt package containing co-surfactants Tergitol NP-40
and Alfonic 1412-A was preferable to the exclusion of
a-emulsan from the srfactant package. The data from
these groups fllustrate how the viscasity versus time
profiles of emulsions of the same crode cil can vary
dramatically a1 a function of the aqueous phase and also
that the viscosity versus time behavior of one type of
crude cil/water emulsion can be significantly different
than that of other crude oll/water emulsions.

That the presence of a-emulsan in swfactant pack-
ages used to emulsify Texas fireflood crede oil or Kan-
gas crude oil has & significant effect on emulsion stability
and maintensnce of reduced viscosities can be seen in
FIGS. 3, 4, 5 and 6 where the data from Groups 1, 4, 6
and 7 (Tables JOIVIL, XXX, XXXIT and XXXIIT for
0% end 15% a-emulsan) are presented graphically. The
lower curves in each figure represent the viscosity ver-
sus time profiles for a.emubsan-stabilized hydrocar-
bosols. The viscosities of the a-emulsap-stabilized hy-
drocarhosols remain significantly more feduced than
that of the ernulsions formed with surfactant packages
that did not include a-smulsan. .
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7.3.6. Stabilizer comparisons
An experiment was performed to compare the emul-
sion-stabilizing effect of a-emulsan with that of known
chemical emulsion-stabilizers, naphthalere sulfonate
and kgnin sulfonate, Specifically, the viscosity versus
time profiles at 75* F. were followed for fous emulsions
containing either a-cmulsan, naphthalene sulfonate or
lignin sulfonate or ro stabilizer at all. All emulsions
were formulated with the Texas fireflood crude de-
scribed in Section 7.2.2. at an oil:water ratio of 70:30
(v/v). Surfactant packages were nsed gt 2 ratio of 1:500
(w/w) based on oil. The resnlts are shown in FIG, 7.
The a-emulsan-stabilized hydrecarbosol was formu-
lated with a surfactant packsge comprising 15% a-
¢mulsan (technical grade), 42,59 Tergitol NP-40, and
42.5% Alfonic 1412.A, {w/w); its viscosity versus time
profile is the curve depicted by closed circles. The
naphthalene sulfonatestabitized emulsion was formy-
lated with a surfactant package comprising 15% naph-
thalene sulfonate, 42.5% Tergitol NP-40 and 42.3%
Alfonic 1412-A (w/w); its viscosity versus time profile
is the curve depicted by closed triangles. The lignin
sulfonate-stabilized emulsion was formulated with a
surfectant package compristing 15% lignin snlfonate;
42.5% Tergitol NP40 and 42.5%;. Alfonic 1412-A
(w/w); its viscosity versus time profile is the curve
depicted by closed inverted closed triangles. A fourth

emulsion (the control) was formuiated with & surfactant °

package comprising 50% Tergitol NP40 and 42.5%
Alfonic 1412-A (w/w) with wo additional emulsion
stabilizer; its viscosity versus time profile is the curve
depicted by open squares,

Immedistely after emulsion formation a zero time
point measurement was taken. Thereafter the cmulsions
wetcallowedwrmainataﬁomyforladayadming
which time period viscosities of the four emuisions were
measured daily to determine the increase, if any, in
viscosity. The points in FIG. 7 represented by stars
indicate that by day 8 for the naphthalene sulfonate
stabilized emulsion and by day 12 for the lignin sulfon-
ate-stabilized emulsion, these two emulsions had failed,
i.e, inverted into water-fa-oi] emulsions, It can be seen
from FIG. 7 that under the conditions of the experi-
ment, a-emulssn was a significantly mare effective sta.
bitizer of Texas fireflood crude oil:water emulsions than
were gither of the two chemics] stebilizers (lignin sulfo-
Date and naphthalene sulfonate) or the co-surfactants
(Tergitol NP-40 and Alfonic 1412-A) alone,

a-Emulsan preparations in the form of purified grade,
technical grade, whole broth, Supcrnatant, and Acineto-
bacter calcoscetious ATCC 31012 bacterial cells (see
Section 7.1} were compared in terms of their ability 1o
form and stabilize emulsions of Oklshoma vacuum re-
sid.A.uoftheemn!xiomwmprodnced at an oil to
water ratio of 70:30 (w/w). The aqueous phase con-
tained | part surfactant package to 200 parts oil (w/w),
The surfactants present at £59 (w/w) were cither Tri-
ton-165, Alipal EP-110 or Alipal CO-436, Performance
was characterized according to emulsion viscosity,
phase scparation and degree of hydrocarbon incorpore-
tion. Most differences were apparent at 2 or more days
following emulsion formation. In gl cases the a-emul-
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tan preparation comprised 15% (w/w) of the total sur-
factant package present, Technical grade a-emuisan

.produced less viscons emulsions then the purified prod-

uct, regardless of the co-surfactants present. The a-
emulzan iz whole broth, supernatant and cells respond
differently depending upon the co-surfactant used. The
most edvantageous results are seen with the whole
broth. Whole broth repeatedly produced more Quid
emulsions than the technical and purified products, All
a-emulsan preparations were not equally effective in
maintaining stable, jow viscosity emulsions for ex-
tended periods of time. The a-emulsan present in cells
bas shown variable resnlts in mainteining emulsions
exhibiting reduced viscosities, but this material ¢onsis-
tently prevented creaming. Additionally, enzyme treat-
ment offers little benefit in the performance of the emui-
sans for preparing emulsions with this hydrocarbon.
Thus, due to the consistent results obtained with whole
broth, it is the c-emulsan source of choice for the emul-
sification of Oklahoma vacuum resid.

e-Bmulsans produced by Acinerobacter caleoaceticus
ATCC 31012 cultures which utilized so0ap stock as the
carbonh source displayed results similar to those ob-
tained from cultures grown on ethanal.

Preparations of materials produced by NS strains of
Acinetobocter coleoaceticus 28 described in Section 7.1.2,
were used to form and stabilize ermlsions of Oklahoma
vacuum resid. All of the emulsions were produced at an
oil-to-water ratio of 70:30 {w/w). The aquecus phase
coutained | part surfactant package to 200 parts oil
{w/w). The surfactant present at 85% (w/w) was Alipal
CO-436. In all cases the NS materials comprised 15%
(w/w) of the total surfactant package.

In nddition to the bicemulsifiers, there are conven-
tional synthetic surfactants which are also known emul-
sion stabilizers: lignin sulfonates sod naphthalene suifo-
nates are examples of such materials, Replacement of
e-emulsan with these surfactants also allows production
of gil-in-water emulsions. However, the Hanin sulfo-
nates do ot produce emulsions of reduced viscosity,
whereas the naphthalene sulfonates are generally satis.
factory replacements for a-emulsan for use with viscous
tesidunls. These napbthalene sulfonates not oaly pro-
duce very flnid emulsions, they also minimize, if not
cutirely prevent, creaming of the oll. These particular
anionic gurfactants perform well with al) of the co-sur-
factants mentioned earlier, and will successfully pro-
duce emulsions,

7.3.7. Mixing of a slurry with a pre-atomized fuel

The composition of & surfactant package that was
successfully used both 1o form a stable pre-atomized
fuel from a California vacuum resid and to form = stable
sluery from & ROSE resid is listed in Table X,
Package 17. The a-emulsan used was prepared from a
technical grade of emulsan as deseribed in Section 7.1.1.
The surfactants Lignosol BD (Reed Lid. Chemica!
Div.), Triton X series (Rohm & Haas Co.), and Tergitol
NP series (Unjon Carbide Corp.) are commercially
available. Both the pre-atomized fuels and slurries were
formed in an Osterizer Galaxy 14 blender at high speed
in a manner which prevents the incorporation of air into
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the resulting dispersion. The ratio of California resid
end ROSE resid to their respective agueous phases was
70:30 by weight (w/w). The surfactant package was
used at o ratio of 1:100 {surfactant/hydrocarbon) by
weight (w/w) for both the preatomized fuel and the
slurry. The surfactant package comprising 42.8% Tri-
ton X-405, 28.6% Tergitol NP-40, 14.2% Lignosol BD,
and 14.2% technical grade a-emuisan was the preferred
surfactant package for use with both California vecuum
resid and ROSE resid. Results of mixing the slurry with
the pre-atomized fuel are listed in Table XXXIV.
TABLE XXXIV

VISCOSITY OF FRE-ATOMIZED
FUEL/SLURRY MIXTURE
.Vircusity (cp)
I. Pre-Atomited Fod 20
2 03
3. 50/50 Pre-Atomized Fusl/ Y
Slurry by weight (w/w)

7.3.8. Formation of pre-atomized fuels at high tempera-
tures under pressure

The composition of a surfactant package that was
suceessfully used to form a stable pre-atomized foel at a
high temperature and under pressure was as follows:
88.5% (w/w) Nacconal 90-F (Stepan Chemical Co.), 2
linear dodecy] benzene sulfonste and 11.5% a-emulsan
whole broth. The a-emulsan used was prepered from a
post-fermentation whole broth ez described in Section
7.1.2. The ratio of the hydrocarbon phase to the aque-
ous phase was 7030 (California vacuum resid/tap wa-
ter) by weight. The surfectant was used at a ratio of
1:200 (surfactant/hydrocarbon) by weight. The pre-ato-
mized fuel was formed as described in Section 6.3. with
the following modification: the pre-stomized fuel was
formed at 300° F. and approximately 70 psi pressure was
muintained in order to prevent the vaporization of the
squeous phase. The pre-atomized foel was then cooled
to a temperatare fower than 212* F. using an appropri-
ate heat exchange device and pressure was releasad,
The foregoing experiment was performed with a surfac-
tant package containing only Nacconal 90-F with simi-
Iar results, ‘
7.3.9. Formation of pre-atomized fuels using a thermally
cracked hydrocarbon discharge

The composition of a surfactant package that was
successfully used to form a stable pre-atomized foel
from a German Vishreaker resid was as folows: 50%
Triton X-705 (w/w) (Rohm & Hast Co.), 33.3% Ter-
gitol NP-70 (Ugion Carbide Corp.) and 16.7% whole
broth c-emulsen. The a-emulsan used was prepared
from a post-fermentation whole broth according to the
methods described in Section 7.1.2. The pre-stomized
fuel was formed in an Osterizer Galaxy 14 blender at the
highest speed setting in a manper which prevents the
incorporation of air into the resulting dispersion. The
ratio of the hydrocarbon phase to the aqueous phase
was 65.2:30.8 by weight {w/w), The surfactant package
was used at a retio of 1:350 (surfactunt/hydrocarbon) by
weight (w/w).
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The method used to form the pre-atomized fuel is

described in Section 6.3 with the following modifica-
tions: The water vsed to form the pre-atomized fuel was
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divided into two parts: 37.5% by weight of the water
was placed in a container and partially frozen to make a
slush and 62.5% by weight of the water wes combined
with the surfactant package and used to form a pre-ato-
mized fuel as described in Section 6.3. The ratio of the
hydrocarbon phase to the aqueous phase at this point
wus 78.3% by weight German visbreaker resid and

"21.7% by weight water/surfactant package. The newly

formed hot pre-atomized fuel was then combined with
the remaining water which had been frozen and the
total mixture was immediately placed in an ice bath.
This cansed an immediate and rapid quenching of the
pre-atomized fuel to a temperature at least about 100* F,
below the softening point of the hydrocarbon. The
pre-stomized fuel produced utilizing this method has
been observed 1o be stable and maintain a reduced vis-
cosity for severa] weeks,

7.4. Pipelining Pilot test

A pilot scale field test was conducted to determine
how a hydrocarbosol would perforin under simulated
pipelining conditions. Approximataly 29 barrels (BBL)
of the Bosean crede oil described in Section 7.2.1. were
emulsified into approzimately 12 barrels of squeous
phase to form an oll-in-water emuision. The faal oil
phase to aqueous phase ratic was 70730 (v/v), The
aquecus phase comsisted of tapwater supplied by the
Tulsa, Oklahoms mumicipal system (total dimolved
solids: 221 ppm; total hardness: 151 ppm). Emulsifica.
tion was accomplished by mixing warm oil with surfact-
ant-containing squeous phase using s contrifugal pump,
The surfectant package used comprised a-cmulsan
(techrical grade) and Tergitol NP-40 at 159 and 85%
by weight, respectively. The surfactant package wes
used &t a treatment zate of 1 part surfactent package to
500 party oil by weight.

The resulting hydrocarbosol was continugusly circu-
lated in & pipe loop at sn aversge velocity of 6.7 ft/sec
(3.125 inch LD., 2,560 feet Jong) for 96 hours uting &
centrifugal pump. This is shown schematically in FIG.
8.

During the entire test run the observed hydrocar-
basol viscosity remained less than 100 cp. [Pressure
drop/Tlow rate data indicated an apparent viscosity of -
approximately 70 cp at 60" F. for the hydrocarbosal
throughout the operation.) This is in dramatic contrast
to the viscosity of the Boscan crude before emulsifica-
tion, spproximately 192,000 cp. At the end of the con-
timious test period, flow throngh the loop was inter-
rupted for 64 hours to simulate & pump failure, After
three days of shutdown, pumping was resumed with no
apparent change in hydrocarbosol characteristics, Pres-
surc drops and flow rates were similar after restart as
prior to shutdown. There was no need to reemulsify.

During this test, the hydrocarboso! was pumped an
actual physical distance of approximately 380 miles. It
traversed the pump once every 17 minutes. In this man.
oer, the hydrocarbosol was subjected to strexs (shear)
roughly equivalent to being pumped a distance of
26,000 miles in a commercial pipeline (considering pipe
diameters, pump transite, flow rates, etc.). Such stress is
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known to cause failure (inversion) of oil-in-water emul-
sions stabilized by conventional surfactants, Laboratory
evaluation of the hydrocarboso] upon completion of the
test demonstrated that, should demulsification be desir.
able, the emulsion could be demulsified readily vsing
standard cilfield techniques. Table XXXV summarizes
the pertinent numbers, results, and conditions of the
pipelining pilot test,

TABLE XXXV
SUMMARY OF PIPELINING FILOT TEST DATA
Qil/Water Ratio T30
Swiacitant Packege/Ofl Ratio 17500
Total Ruaning Time 96 houry
Shusdewn time prior to successfil restan 64 howrs
Average flow rate during run 160 gpm
Avenage fiow velocity 6.69 /e,
Pipe LD. 3,115 inches
Dirtancs pumped spprox, IB) miley
Mumber of pump trumits approx. 330
App iscosity of emulxi 0 cp
Viscoshty of Boscan at 60° £, 190,000 cp
Comparzble flow rie in 20" line 210,000 BBL/day
Comparable Bow rate In 30 Line 475,000 BBL/day

1.5. Direct Combustion Test on Pre-Atomized Fuels

7.5.1. Furnace assembly and instrumentation

Thcdirectoombmﬁonmtwasmninulnrgescale{l
Magawatt) furnace assembly, essentially comprising in
soquential arrangement: & burner, a brick-lined experi-
mental chamber (also called the refractory-lined com-
bustion turmel), an after burzer, a water-cooled (cold-
wally chamber and an exhaust section, approximatély
1.14 meters (m), 4.55 m, 1.24 m, 4.55 m and 1.65 m in
length, respectively. The other major components of
the facility used include the systems for storage, meter-
ing, feeding and control of fuels, for pumping, preheat-
ing, and metering of the combustion air, and for clean-
ing and pumping the combustion producta,

The furnace assembly is equipped with water-cooled
probes for satnpling combustion gases which are drawn
offunduvmummdpmthmughampletrmpon
line to a s=t of continuous on-line £as analyzers, specifi-
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cally a Chemiluminescent NO-NOX Gas Analyzer

{Thermo Electron Corporation, Modsl 10A), an Infra-
red CO Analyzer (Beckmen, Inc., Mode] 865), an Infra-

cooled suction pyrometer for measuring. axial flame
temperatures at various flame positions within the ex-
perimental combastion tunnel. The furnace assembly is
further equipped with water-cooled water quench zam-
pling probes through which combustion gases, includ-
ingpuﬁculntes,mdnwnoﬁ'undermuum,nre
quenched with water and fiow through a sampling
train, the first component of which is & filter {paper) for
collection of solids. This equipment provides for the
quantitation of solids fn the combustion gases,
7.3.2. Preparation of pre-atomized fue] for combustion
test

The characteristics of the Number 6 residual test fuel
oil uted ax the ofl phase of the pre-atomized fue! are
described in Section 7.2.3. Table XXXV summarizes
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the ultimate analysis of the fuej oil, [ts heating value was
18,384 Btu/1b.
TABLE XXXVI

NUMBER 6 RESIDUAL TEST FUEL
OIL ULTIMATE ANALYSIS

Condteent %

Carbon 83.63
Hydrogen 10.68
Nitrogen 047
Sulfar 30
Onxygen 0.91
Azh 0.08
Water a.ta
Asphaltenes 10.44

The Number 6 fuel oil was emulsified in water using
a surfactant package compriting 159 a-emulsan (tech-
nical grade), 42.5% Tergitol NP-40, 42.59% Alfonic
1412-A (in weight percent). The surfactant package was
used at arate of 1 part per 250 parts oil (w/w), The ratio
of oil to water in the resulting pre-atomized fuel was
approximately 70:30 (v/v). One hundred ten gallons of
pre-atomized fuel weare prepared in a foel preparation
systzm which incorporates a Gawlin mechanical ho-
mogenizer. The aquecus solution cottaining the surfac-
tant package was fed via a centrifugal pump into a mix.
ing-T located in the Number 6 fuel ofl suppiy line. This
arrangement provided in-line pre-mining of the ofl and
WAteT prior to entering a 45 gph high-pressure me.
chanical homogenizer (Gauldin). The minimum homog-
enization pressure of 1000 psi was employed for produc-
ing tbe preatomized fuel, The resulting pre-atomized
ﬁmlhndnviscosityranging from 70120 cp at §0* F.

Accurate control of both ofl and water flow rates are
required to maintain & constant 70/30 ofl/water mass
ratio during this continuous mixing process. Precise
coatrol of the water flow proved tobe a problem due to
the very low flow rates required, and it is estimated that
the oil/water ratio varied between 65/35 and 75/25
during production. Two barrels of pre-atomized el
were produced with the following composition: Barre]
#1—=71.25% : 28.75% water by weight; and Barrel
#2—69.78% il : 30.22% water by weight. Both barrels
of pre-atomized fuel were produced one week priot to
the combustion test and no separation was apparent
during this time. Prior to the combustion test bath bar-
rels were stirred with a slow speed stirrer.

7.5.3, Combustion test procedure

Standard procedures for firing a Number 6 foel oil in
the type of furnace assembly employed were followed
with the exception that the in-line fuel heaters were not
used, and the pre-atomized fuel was fired at a tempers-
ture of approximately 90" F.

The refractory-lined combustion tunnel was brought
up t0 operating temperature (spproximately 1000* C.)
usingnatumlga.s.'!‘hcgasgunwasthenmmovedand
replaced by a standard ofl gun fitted with g twin fluig
atomizer of the Y-jet type, Compressed air at approxi-
mately 60 psi was used for the atomizing fluid.

The initial light-off on the oil burner was accom-
plished using a Number 2 oil as is standard practice. The
gir and fuel flow rates were then adjusted to give a
thermal input of approximately | MW or 3.4 MM
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Btu/hr. A simpie on-load fuel transfer from Number 2
fuel oil to the 70/30 pre-atomized fue] was then effectad
by transferring the suction hose from the barrel of Num-
ber 2 feel to the barrel of pre-atomized fuel.

A significant reduction in fuel flow rate occurred
shortly after transfer to the pre-atomized fuel due pri-
marily to the higher viscosity of the pre-atomized fuel
and the resuttant pressure drop in the fusl lines. Stable
flame conditions were maintained during the fus! trans-
fer but good flame conditions could not be achieved as
the fuel flow rate fell below the minimum required.

Initially the drop in fuel Dow rate was thought to be
due to blockage of the atomizer. The Y-jet atomizer was
removed, cleaned, and repiaced. Light-off was accom-
plished without any problem using the pre-atomized
fuel but low fuel flow rates prevailed. A second atom-
izer, of the internal-mix type was then employed. Again
light-off using the preatomized fuel presented po prob-
lem but the low foel flow rate persisted.

Finally it was concluded that the flow problem was
dus to a partially blocked flow control valve. The na-
ture of this blockage was not determined. Amlnua.l
by-pass valve around the control valve was opened end
the pre-atomized fuel-flow rate was increased to a maxi-
mum of approximately 4 lb/min (approximately 0.9
MW input). This resulted in an entirely satisfactory
flame having visible characteristics very similar to those
of a Number 6 foel ol flame obtained under similar
fulng conditions.

A stable flxme was maintained throughout the re-
mainder of the test petind, during which time minimum
excess air levels, solids emissions, and axial flame tem.
peratures were meesured.

7.5.4. Results of preliminary combustion test
The ignitability and stability of the 70/30 preato-
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onized fuel were found to be comparable with those of a 40

Number 6 fael-oil when fired under similar conditions
in the furnace assembly used.

Flame stability was found to be acceptable even
when the important combustion parameters of excess
air, minimum fuel fow rate, and atomization conditions
were not matched. This occurred inadvertently during
light-off and when fuekflow rates feil below the limits
for acceptable flame conditions, However, these results
indicated that ignition and flame stability were not
major problems of the pre-atomized fuel
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TABLE XXXVI-continued
" _EXCESS AIR DATA
% Ozygen in Flue Gas % Excess Alr  Carbon Monoxide (ppm)
Ql6 a7 150

mmmappmam(ou MW Thermal lngut)
Pre-Atombed Fod T %0 F.

The visible flame length under these conditions was
approzimately 6 fi. and the general appearance of the
flame was very similar to that of a Number 6 fue!l oil
flame. The exhanst gas on exit from the high tempera-
ture combustion zone appearsd to contain a small
amount of ‘white-smoke’, very similar in appearance to
that observed when firing coal-water slurries under
similar conditions. This ‘white-smoke’ was not visible
on exit from the stack and its nature wes not deter-
mined.

A water<cooled probe was used to obtain solids sam-
ples from the exhaust gas and along the axis of the
flam=. FIG. 9 shows the concentration profiies along
the flame axis for a Number 6 fuel ofl and the 70/30
pre-atomized fuel. The solids concentration at the exit
3 from the combustor was almost identical for these two
fuels. The solids concentration within the flame was
slightly lower for the 70/30 pre-atomized fuel. These
two flames were obtained using two different atomizers;
nevertheless the data indicate that the carban burnout
achisved with the pre-stomized fizel fired at 90° F. was
comparable to that for the pareat Number 6 foel fired at
240" F. to facilitate atomization.

Axial flame temperatures were lso measured using a
water cooled suction pyrometer and these are shown in
FIG. 10. The 70/30 pre-atomized fuel Rame exhibited a
slightly lower temperature along the entire length of the
combustion chamber. This was entirely compatible
with the quenching effect expected from the 30% water
content. The mensured reduction in flame temperature
of 100-150" C. docs not represent a serious problem in
most industrial combustion aystems,

7.5.5. Resuits of combustion enissions test

Subsequent to the shove combustion test, another
series of test burns were made using the oils and preato-
mmdfuelsofthwaoﬂn,uhnedh‘hblem

TABLE XXXVTII

TEST FUEL SPECIFICATIONS AND
EMULSION FROPERTIES

achieved without any visible smoke or carbon monox-  gorre 099 ) 0%
ide in the flue gas, These figures compate favorably 45 Penfin % % 3%
with those sttainable with & Number 6 fuel oil. Table *° Ammatc = 2% bt %
XXXV summarizes the range of operating conditions CPS crs oS
eumineg!dnﬂnglhisahortmhw.xmofmah Py $9.65 65,60 an
levels and flue gas composition, the major point of inter- :g 1?:: : lg:]sg .ﬂ.g
est being the low excess air levels that ware obtained. 60 hyrd N 10 107,37
TABLE XXXVII 120 2943 : 15089
EXCHESS AIR DATA Pre-Alomized Fuel Vincoeitios T0=130 cp
% Oxygen in Fluc Gas_ % Eacom Alr_ Carbon Moncxide (1pm)  sealtamss Ko ey ™ OTay = 0%
0.6} 8 0 5
&:: :;‘: g Procedures {ollowed to form the pre-<atomized fuels
0.4 103 o are described, soprs. The primary purpose of these
020 (1] 100-150 burns was to demonsteate the potential emissions reduc-
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tions with pre-atomized fuels In Table XXXIX the
results of these burn tests are presented. The results
indicate that burning such pre-atomized fucls cavsed
significant reductions in NOX and SOn emissions.

TABLE XXXIX

RESULTS OF BURN TESTS WITH PRE-ATOMIZED FUELS

Edgington ~ Mohawk

Bunker C Bimker C  Crude 04)*

Busline NOX (ppm). 530 450 155
Pre-Atomized Fuel P s 00
NOX (ppm)

% Redoctiom s1 -] 13
Buselice SO, (pym) 1100 40 300
Pre-Atomized F 690 500 150
502 (pym)

% Reduction 43 40 17

Pre-Atomired Fuel Visceste H=-150 ¢p
Pre-Atonrized Pue! Specific Gryvity m 099
*Californis Xem

All Readingy made at 1% Oy

It is apparent that many modifications and variations
of this mvention as hereinabave set forth may be made
without departing from the spirit and scope thereof.
The tpecific embodiments described are given by way
of example only and the invention is limited only by the
terms of the appended claims.

We claim:

1. An improved method for post recovery transport-
Ing viscous hydrocarbons, wherein the improvement
comprises (A) forming a hydrocarbosol of said viscons
hydrocarbons using e surfactant package in a propor-
tion from about 1:500 to about 1 ,000 by weight based
on hydrocarbon, said surfactant package comprising:

(1) at least one water-soluble surfactant selected from

the group consisting of antonic surfactants, non-
ionic surfactants and mixtures thereof, an effective

10
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and whertin n represents the number of cthoxy groups
ranging from about 1 to sbout 100; (i) an ethoxylated
alcohol represented by the formula R(OC;Hy), wherein
R represents a branched or linear aliphatic group con-
taining from about 6 to about 18 carban atoms and
WHErein o represents the number of ethoxy groups reng-
ing from about 2 to about 100; and (iii) 2 polyoxyalk-
ylated amine represented by the formuln RN, (CHa)2
wherein R represents an oxyalkyl group containing
from 2 to 3 carbon atoms, x represents the number of
oxyalkyl groups ranging in number from about 4 to
about 500 and y represents the number of nitrogan
atoms ranging from about § to about 2; and from about
19 to about 50% by weight of a-emulsan.

3. The method of claim 1 wherein the surfactant
package comprises from about %% to about 80% by
weight of a water-soluble anionic surfactant selected
from the group consisting of (i) a sulfated ethoxylated
alkylphencl represented by the formula RCH(OCH,
)nO50:M wherein R represents an aliphatic group con-
taining at least sbout 8 or 9 carbon &toms, n represents
the number of sthoxy groups ranging from about 1 to

‘ about 100, and M is ammonitm, sodium, potassium,

30

k]

smount of which surfactant promotes emulsifica. |

weight or less and aromatic content of about 159
by weight or greater into an aqueous phase to form
2 hydrocarbon-in-water emulsion, the viscosity of
which emulsion is reduced by at least a factor of
abont 10 compared to the viscosity of the hydro-
cerbon; and

(2) a-cmulsan, an effective amount of which a-emul-

san stabilizes a hydrocarbon-in-water emulsion
formed with a kydrocarbon as in {1) by maintaining
viscosity reduced by at least a factor of about 10 for
a period of at least about a day under static condi-
tions, said hydrocarbosol () comprising a hydro-
carbon with API gravity of about 20°APT or less,
viscosity of aboyt 100 centipoise or greater at 150"
F., paraffin content of about 50% by weight or less
and aromatic content of about 15% by weight or
greater, and (%) having a hydrocarbon-water ratio
from about 65:35 to ebout 75:25 by volume; and (B)
transporting the hydrocarbosol,

2 The method of cliim 1 wherein the surfactant
package comprises from about 50% to about 99% by
weight of a water-soluble nonionic surfactant selected
from the group cousisting of (i) an ethoxylated alky)
phenol represented by the formula RaCeH(OCH.
)7OH wherein R represents an alkyl group containing
from about 8 to about 12 carbon atoms, x represents the
number of alkyl groups renging from about | to abont 2,

4821767A1 | >
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caleitm or triethanolamine; {ii) an ethoxylated alcokol
sulfate represented by the formula R{OC;H)y080:M
wherein R a0 aliphatic group containing
from abont & to about 16 carbon atoms, n represents the
numbzr of cthoxy groups ranging from 0 to about 4, and
M is ammonium, sodium, potassiom, calcium or trietha-
nolamine; and (iif) an alkylarylulfonate represented by
the formuls RpArm{SO3),M wherein Ar is an sromatic
group which is benzyl, naphthyi, phenyl, tolyl, xyly! or
ethylphenyl, R is a linear or branched chain alkyl group
containing about 2 to about 16 carbon atoms, nis 1 or 2,
m is 1 or greater, x is at least about 1, and M is ammo-
nium, sodinm, calcium, potassium or triethanclamine;
and from about 109 to sbout 20% by weight of a-emu)-
san,

4. The method of claim 1 whereln the surfactant
Ppackage comprises from about 50% 1o about 99% by
weight of 1 combination of (i} a water-soluble nonionic
cthaxylated alkyl phenol represented by the formula
ReCH{OCH4),OH wherein R represents an alkyl
group containing from sbout 8 to about 12 carbon
Atoms, X represents the number of alkyl Broups ranging
from about 1 to about 2, and wherein o represents the
mumber of ethoxy groups ranging from about 1 to about
100 and (ii) & water-soluble aniomic cthoxylated or none-
thoxylated alcohol sulfate represented by the formula
R(OC;H4),0S03M wherein R represents an aliphatic
group containing from zbout 6 to about 16 carbon
atoms, n represents the qumber of ethoxy Stoups rang-
ing from about O to sbout 4, and M is ammonium, so-
dium, potassium, calcium or tricthanolamine, said com-
bination being in 2 proportion of about 1:1 by weight;
and from about 1% to sbout 50% by weight of a-emul-
tan.

5. The method of claim 1 wherein the surfactant
package comprises a combination of abaut 42.5% by
weight of ethoxylated monononylphenol with about 40
ethoxy groups and about 42,59, by weight of an ammg-

VY,
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nium salt of poly(3)ethoxy Cy2-Ci4 linear primary alco-
kol sulfate; and about 15% by weight of a-emulsan.

6 The method of claim 1 whesein the surfactant
package comprises a combination of about 42.5% by
weight of ethoxylated monononylphenol with about 40
ethoxy groups and about 42.5% by weight of ethoxyl-
ated monooctylphenol with sbout 40 ethoxy groups;
and about 15% by weight of a-emulsan.

7. The method of claim I wherein the surfactant
package comprises a combination of about 50% by
weight of an ethoxylated monooctylphenol with about
0 ethoxy groups and about 33% by weight of an ethox-
ylated monononylphenol with about 70 ethoxy groups,
and about 179% by weight of whole broth a-emulsan.

8. The method of claim t wherein the surfactant
package comprises a combination of about 43% by
weight of an ethoxylated monooctyiphetol with about
40 ethoxy groups; sbout 29% by weight of an ethaxyl-
ated movononylphenol with about 40 ethoxy groups;
and about 14% by weight of a salt of a lignosulfonate,
and sbout 149% by weight of whole broth a-emuisan.

5
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65:35 to about 75:25 by volume; and (b) transporting the
hydrocarbosol,
13. An improved method for post-recovery trans-
porting viscous hydrocarbons, wherein the improve-

" ment comprises (a) forming a hydrocarbosol of said

viscous hydrocarbons using a surfactant package in a
proportion from about 1:500 1o 1:5,000 by weight based
on hydrocarbon, sald surfactant package comprising
about 15% by weight a-emulsan and about B5% by
weight of ethoxylated monooctyl phenol with sbout 40
ethoxy groups, said hydrocarbosol () comprising a
hydrocarbon with API gravity of about 20° or less,
viscosity of about 100 centipoise or greater at 150" F.,
paraffin content of about 50% by weight or less and
aromatic content of about 15% by weight or greater
and (i) having a hydrocarbonrwater ratio from about
65:35 to about 75:25 by volume; snd (b} transporting the

o hydrocarbosol. -

9. The method of claim 1 wherein the a-emulsan of 2°

the surfsctent peckage is produced by Acinetobacter
calcoaceticus.

10. The method of claim 1 wherein the a-emulsan of
the surfactant package is produced by Acinembacter
calcoaceticus ATCC 31012

11. The method of claim 3 wherein the a-emulian of
the surfactant package is produced by Acimetobacter
caleoacericus NRRL B-15847,

12, An improved method for post-recovery trans-
porting viscons hydrocarbons, whersin the improve-
ment comprisea (a) forming a hydrocarbosol of said
viscous hdyrocasbons using s surfactant package in a
proportion from about 1:500 to sbout 1:5,000 by weight
based on hydrocarbon, said surfactant package compris-
ing about 15% by weight a-emulsan and about §5% by
weight ethoxylated monononyl phenol with about 40
ethoxy groups, said hydrocarbosol (i) comprising a
hydrocarbon with API gravity of about 20°AP1 or less,
viscosity of about 100 centipoise or greater at 150" F.,
paraffin content of about 50% by weight or less and
aromatic content of shout 15% by weight or greater,
and (ii) having a hydrocarbon:water ratio from about

4B21757A1_I_>
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14. The method of claim 12 or 13 wherein the water
i fresh water, ‘

15. The method of claim 12 or 13 wherein the water
is brine,

16. The method of claim 12 or 13 wherein the hy-
drocarboso! is transported by ship, barge or tanker.

17. The method of claim 12 or 13 wherein the hdyro-
carboso! is transported by pumping it through a pipe-
line,

18. The method of claim 12 or 13 wherein the hy-
drocarbosol has & hydrocarbon:water ratio of sbout
T0:30.

19. The method of claim 12 or 13 wherein the hy-
drocarbosol is formed from a hydrocarbon selected
from the group consisting of Boscan crude oil, Texas
fireflood crude oil, Number ¢ residoal fuel oil, Jibaro
crude oil, El Jobo crude oil, Kansas crude oil, Califor-
nis vacuum residual oil, Oklahoma vacuum residual oil,

. German vishreaker residual oil, Texas visbreaker resid-
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ual oil, catalytic hydrogenated residual oil, ROSE resid-
ual oil and cutback tar.

20. The method of claim 12 wherein the hydrocarbon
is Boscar crude oil and the hydrocarbon:water matio in
the hydrocarboaol is about 70:30,

11. The method of claim 20 wherein the hydrocar-
bosol is transported by pumping it through a nonheated
pipeline. '

L] » - . B
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DESCRIPTION

HYDROCARBON WATER FUELS, SLURRIES AND OTHER PARTICULATE MIXTURES

This application is a continuation-in-part app-
lication of our co-pending United States Application
Serial No. 771,272, filed on February 23, 1977.

Hydrocarbons and water mixtures have man&
potential uses, such as in internal combusticn engines
and as a fuel for heating purposes, either in themsleves
or combined with coal in a coal slurry, or when combined
with combustible or non-combustible solids or even with
water or oil as the sole liguid.

It is believed that emulsions of hydrocarhons and
watér have not come into general use because of the rel-
ative instability of emulsions involving agents in the
fuel in economical quantities. However, the need for
stable emulsions of hydrocarbons and water has become
more important wifh the increasing price of fuel.

For many vears it has been the practice to

"inject water into fuel systems for purposes of improving

~ engine pexformance. It has also been recognized that

20

25
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water injection will enable combustion to occur at a
lower temperature, thereby decreasing the formation of
oxides of nitrogen, which are major pollutants.

In preparing satisfactory emulsions of hydro-
carbons and water, it is necessary that the resulting
product have satisfactory properties for use in the
internal combustion engine. However, with heating uses,

the fuel is noramlly fed into or atomized in a heating

SHIRQTITUTE aureT
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chamber. Moreover, it is necessary that any emulsion
used as a heating fuel have sufficient 'stability to :
retain its properties until the time comes for its use.
It has been proposed to add coal to oil including crude
5 oil, but such proposals have thus far vroved unsuccess-
ful because of the inability to maintain the coal in a
stable suspended state in ;he 0il for the usual passage

of time between manufacture and commercial use.

It is accordingly a principal object of the
10 present invention te provide stable emulsions of hydro-
carbons and water for general fuel use, either with an
internal combustion engine, for heating purposes, for !
jet engines and turbines or general use. Also, contem-
plated are slurries, such as coal slurries which can
15 be readily transported.
It has been recognized that hydrocarbon-water
emulsions can be formed using surfactants as disclosed

in U. S. Patent No. 3,527,581. It has also been proposed

to use b;ends of polyoxyethylene emulsifiers in a paper
20 by Peters and Stebar entitled “Water~Gasoline Fuels-Their
Effect on Spark Ignition Engine Emissions and Performance"
which was presented at the Society of Automotive Engineers,
Inc., St. Louis, Missouri, on June 7-1i0, 1976. Such
emulsions contain substantial amounts of water, but are :
25 either not stable over long periods of time or regquire
such high guantities of emulsifiers to achieve satis-

factory stability as to be uneconomical.
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Additional teachings of hyrocarbon-water
emulsions for various purposes are disclosed in U. §.
Patents 3,206,410, 31,311,561, 3,346,494, 3,442,842,
3,355,394, 3,645,903 and 3,876,391. '

The emulsions of the Present invention are
preferably water and gasoline, jet fuel, heating oil,
diesel oil, crude oil, coal slurries and non-combust-
ibles.

In accordance with the Principles of the
present invention, the suspended droplets and/or
Particles are relatively large and have a size usually
in éxcess of about 1400 Angstroms. Thus, the emulsions
of the present invention are more properly termed
microemulsions and have a milky appearance or black
when coal is used. This is to be compared with micro-
emulsions wherein the internal phase is present in a
much smaller droplet and/or particle size so that a
microemulsion hag a translucent or transparent appear-
ance.

With the present invention the continuous pPhase
is at times the hydrocarbon so that the emulsions are
So~called water-in-oil erulsions. Other times the
continuous phasae ig Qater S0 the emulsion is oil-ip-
water. '

Where the water percentage is less that 30% by
weight, it can be regarded as a low internal phase ratio,

In the range of 30% to 70% water by weight, it is present

810202441 |_>
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as a medium internal phase ratio and above 70% as a

high internal phase ratio system, when water is the

internal phase.

One of the advantages offered by the emulsions

5 of the present invention is the great stability over

long pericds of time, usually well in excess of two

months which satisfies usunal storage and transportation

requirements. Moreover, the viscosity of certain of

the emulsions of the present invention is relatively
10 low {about 1l centipoise), although the sedimentation of
an emulsion (and therefore its instability) inéreases
as viscosity is lowered. However, the present invention
presents a satisfactory balance of high stability and
low viscosity. In other applications of invention, high
15 wviscosity as well as high stability are afforded. BAlso,
with the present invention satisfactory vaporization is
achieved under conditions of reasonably low viscosity

and satisfactory stability.

Another characteristic of the inventiorn is that
20 it is usual to have water present in an amount of about !
1l to 20% volume with the upper limit reaching 40% by }
volume or more.
The emulsions of the present invention are
achieved by using the combination of (1) a water or
2S5 hydrocarbon soluble {ionic or noionic) relatively low
molecular weight agent (molecular weight in manyv instances

of the order of 1000) which is generally a substance

ENSDOCID: <WQ 810202441 _1_>
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wherein one side or part of the molecular is hydrophillic
and the other side is lipophillic and (2) a high mole-
cular weight material (of the order of 500,000 crmore)
that is swellable in water (cross-linked) and/or is
water soluble (substantially non-cross-1inked).

The combinationof the agent and the high mole-
cular weight material creates an extremely stable bond
between the water and the hydrocarbon. At the same time,
in many instances, the aforesaid combination achieves a
low viscosity even where the water is present in excess
of 25% by volume. It will be seen that the present
invention also contemplates the use of one or more agents,
Or cne or more high molecular weight materials, or a
combination of twe of one material and one of the other,
OT vice or versa, or two Or more of each material.

The present invention is believed to function
satisfactorily with a wide range of hydrocarbons and

particularly varionus gasolines of high or low oc*ane

and other well known fuels, However, the present invention

also apolies to other hydrocarbons and other carbon con-
taining materials such as coal or even non-hydroca;bons
such as carbon oxr even inorganic materials and incom-
bustibles which mzy be introduced or dispensed in oil as
a coal slurry with the dispersed varticles being present
in a size smaller than 60 mesh and preferably 200 to 3125

mesh. When the bresent invention is used in connection

with oils for heating purposes, it is demonstrated that
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many well known heating oils, such as $1, 42 or #g may
be used in a water and oil emulsion with suspended coal
and/or carbon particles or other particles, both com-
bustible and non-combustible. Examples of non-combust-—
ibles are lime, chalk, alumina and others.

Because the emulsions prepared in accordance
with the present inveniton are extremely stable, such
emulsions are usable in the same way as presently avail;
able furnace heating oil. Moreover, coal particles
can be suspended and held suspaended in the emulsion with
ccal present in as much as 50% by weight and sometimes
in ;n even greater amount. Also, the presence of water
in the emulsion may improve combustion performance
because of the micro-explosions as discussed hereinafterxr.

In some instances the coal can be suspended in
water through the practice of the present invention with
the use of little or no oil at all.

A very important consideration arising from the
present invention is that the presence of water in the
stable emulsion serves to create micro—explosions of
water when the emulsion of the presené invention is used
in an internal combustion engine or in a heating system.
Such micro-explosions arise from the superheating of the
water in the emulsion. The effect achieved is the blowing
of the o0il particles apart throughout the hvdrocarbon.

It is believed that the aforesaid micro-explosions have

the effect of substantially increasing the performance
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of the combustion process.

In heating or use in a diesel engine the oil is
normally simply fed into or atomized in a heating chamber
or injected therein. Thus, the present invention has use
for heating or diesel engine purposes and is especially
attractive in the formation of stable coal slurries,

Another contemplated use of the present invention
is with a herbicide or a plant grqwth regulator which
will he collectively referred to as an agriculturally o
active agent. Aan example of an agriculturally active
agent usable with the present invention and water to
form a stable emulsion is 2,4p.

Cne agent used in connection with the present
invention is sold by the American Cynamid Company and
is identified ag product OT-100. This agent is the
sodium salt of dioctylsulfosuccinnic acid. A second’
agent usable in connection with the present invention
is the sodiumsalt of decylbenzenesulfonic acid. A third
agent is Toximul MP (suifonate/non—ionic blend) sold by
the.Stepan Co. This is calcium dodecyl benzene sulfonate
and alkyl Phenoxy Pholyoxyethylene ethanol. A fourth
agent is Triton X45, sold by the Rohm & Haas Company,
which ig octylphenozypolyethoxy ethanel.

Ekxamples of high molecular weight materials usable
in the present invention are Carbopol 941 either in acid
form or in the completely neutralized form using sodium

hydroxide, sodium carbonate, ammonia and other well known
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neutralizing agents, in stochiometric amounts or other-
wise. Carbopol 941 is a high molgcular weight poly-
acrylic acid as disclosed in U. S. Patent 2,798,053.
A second example of a high molecular waight material
is an acrylamide/sodium acrylate identif;ed as Dow XD
8992 as disclosed in U. S. Patent 3,699,103 and is
partially crosslinked.

A third example of a high molecular weight
material is a hydrolized starch Polyacrylonitrile graft
copolymer as disclosed in U, §. Patent 3,935,099. &
fourth example of a high molecular weight material is
a high molecular weight polyoxyethylene coagulant of
Unioﬁ Carbide Company, where the molecular weight is
in excess of five hundred thousand.

Yet another advantage of the present invention
lies in the fact that relatively small amounts of the
agent and high molecular weight materials are used. Ipn-
deed an effective amount of the agent can be as low as
3.7 grams per liter of gasoline, down to as low as one
gram per liter or slightly less. In some instances it
is desirable to combine two of the aforementioned high
melecular weight materialsg such as the Carbonpol 941
(in the form of the sodium salt or otherwise) and the
Dow XD 8992 in formulating the stable emulsion of the
Present invention. In any event, the present invention
contemplates, irrespective of the particular high

molecular weight material and low molecular weight agent
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being employed, that in many cases relakively small -
quantities of the high molecular weight material and
low molecular weight agent may be used to acheive a
highly stable mixture. This, of course, constitutes
a significant advantage of the invention in terms of
achieving a highly- stable mixture at a relatively low
cost. It has been found that the high molecular weight
agent may be present in quantities as low as 100pm,
total weight mixture, but concentrations - in the neigh-
borhcod of 1000ppm are generally preferred as a minimum.
With reference to the low molecular weight agent, a
minimum concentration of 500ppm is acceptable in some
cases, but the generally preferred minimum is about
1000ppm. OFf course, there ére some mixtures involving
certain componenés which will require significantly
higher amounts of stabilizing materials as can be
determined by ordinary experimentation.

The agent is added directly at times to the
hyrdocarbon with the high molecular weight material in
aquecus solution or mixture then added to the hvdro-
carbon agent solution. In scme instances, for example
when using Triton X45, it is added to the water, rather
than to the hydrocarbon because of the special solubility
of Triton X45. This is followed by gentle mixing at
room temperature immediately, or for some short period
of time, usually not more than fifteen minutes to

achieve a white or milky macroemulsion. The emulsions

B102024A1_(_»
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acheived through the present invention are so stable
as to remain intact under short term centrifuge tests
.and temperature tests and storage tests for periods of :
time of sixty days or more as required by industry.
5 When used in a coal slurry, it is possible to !
use less liquid hydrocarbon or none at all because coal, g

carbon particles or other particulate heat giving mat-

erial may be added to enhance the heat value of the
emulsion. For example, an emulsion produced in accord-
10 ance with the invention for heat purposes is composed of
50% by weight coal, 40% by weight heating oil and 10%
by éeight water. Alternatively, another coal slurry
produced in accordance with this invention is composed
of 50% by weight of water and 50% by weight of coal,
15 although the amount of coal can be even greater. Also,
bituminous coal, lignite and solvent refined coal may

be used.

It should be kept in mind that in formulating

emulsions in accordance with the Present invention that

20 the use of greater amounts of the high molecular weight
material generally allows the use of smaller amounts of
the agent. fThis is important where the gquantity of -
the high molecular weight material is less expensive
than the quantity of the agent. From the examples in the

25 Specification of this Application, it will be seen that
relatively low quantities of both the high molecular

welght material and the agent are used so that emulsions
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prepared in accordance with the invention are compet-
itively priced. Thus, where-the agent is present in
relatively low levels, the high molecular weight material
is effective to lower the amount of the agent that is
needed. However, at higher levels of agent, it tends

to dominate the high molecular weight material to the
extent that in some cases the agent alone will produce

4 satisfactory, albeit extremely expensive emulsion.

It has also been observed that emulsions are.
more ranidly formulated when the high molecular weight
matérial is of the swellable type. Moreover, with the
increase of water in the internal phase, that is from
low to medium or medium to high, Viscosity will increase.
Conversely, where the water is in the external rphase, an
increase of water will lower viscosity.

From the foregoing, it can be seen that the
emulsions of the Present invention are more stable and
are macroemulsions which give rise to micro-explosions
when consumed, to achieve better engine and/or bufnigg
efficiency. Moreover, with the present invention, coal
including bituminous coal, lignite and solvent refined
coal ané other combustible materials liﬁe carbon part-
icles or hon-combustible materials can be stabilized for
2 long period of time for transportation or storage.

Where desired, the viscosity and violatility

can be 2djusted using suitable materials or solvents, such
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as alcohols, like methyls, ethyl or isopropyl alcohol,
ketones such as acetone, ethers, etc.
It is theorized that the high molecular weight

material provides a generic matrix structure or has the

effect of structuring the overall mixture in order to

hold very tightly the various components. While App-
licants do not wish to be bound by any particular theory,
it is believed that the high molecular material of the
present invention provides a matrix wherein the water is
usually latched onto the matrix with the agent acting as
a hook between the water phase and the hydrocarbon phasa.
Staéed more broadly, the theory is that the present in-
vention provides a matrix wherein the water has an aff-
inity for the matrix with the agent having an affinity
between the water phase and the hydrocarbon phase.

While in many instances the water is structured
or functions as a matrix, the hydrocafbon can also be
structured, for instance through the use of aluminum
salts of naphthenic acids and coconut oil acids or a
mixture of naphthenic acid and unsaturated acids with
the agent and water. In many instances the agent is a
surface active agent, although the invention is not limited
to such a feature.

It is also contemplated that the agent be present
in either the water or hydrocarbon phase or both.

It is also contemplated that other additives

may be included, such as sodium chloride and other salts,
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the presence of whieh prevents the formation of a high
internal phase ratio material,

Certain examples of the invention will now be
Provided for the sake of illustration and not by way
of limitation. In these éxamples certain abbreviations
have been used. |

The low molecular weight agent will have the
following abbreviations:

1 American Cyanamid Company- 0T-100~ sodium

salt of dioctylsulfosuceinnic acid.

52 Arco Chemical Companv- Altrawet D§ ~ sodium

salt of decvlbenzenesulfonxc acid.

S3 Stanan Company- Toximul MP - calcium dodecvl

benzene sulfonate and alkyl phenoxy pPolyoxyethylene
ethanol,

5S4 Rohm & Haas Company - Triton X45 - octylph-

enoxypolyethoxy ethanol.

S5 Imperial Chemical Company, Inc. (ICC U.s.)

Arlacel C Sorbitan sesquioleate,

56 Imperial Chemical Company, Inc. - Tween 40

Polysorbate 40 (polyoxyethylene 29 Sorbitan mono palm-

itate).

S7 Proctor & Gamble (Ivory liquid detergent)

U. 5. Patents 3,024,273, 3,179,598, 3,179,599 and
3,793,233,

58 Stepan Chemical - Ninate 401 - Calcium

dodecyl benzene sulfonate,.
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$% Stepan Chemical - (Ninate 41l1) - alkylamine

doedecyl henzene sulfonate (burns completely-contains no

metal}.
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SLo
sl1
512
513
S14
5815
S8lse
s17

s18

519
520
s21
822
823
524
8§25
526
527
52?
529
530
531
532

BASF Wyandotte Co.- (ES 7071 AS)

BASF Wyandotte Co.~- (ES 7071)

BASF .Wyandotte Co.~ Plurodot -~ (HA 430)

BASF Wyandotte €Co.~ Plurodot - (ﬁA 450)

BASF Wyandotte Co. -(ESO 14734)

BASF Wyandotte Co. Pluropac -(D-25)

BASF Wyandotte Co. - Pluropac - (T-55)

BASF Wyandotte Co. -~ (E8 7312)

ICI (Imperial Chemical Industries) - IL-540
{settled) and (mixed)

Diamond Shamrock Co.- (Fuelspere 553)

Diamond Shamrock Co.-~ (Modicel VD)

General Electric Co. - (SF 1066 Silicone)
Diamond Shamrock Co. - (Fuelsperse 70)
Diamond Shamrock Co. - ({Fuelsperse 042)
Monsanto Chemical Co. - (MTS 2049)
Monsanteo Chemical Co. - (MTS 2050)

Monsante Chemical Co. - (MTS 2052)

Monsanto Chemical Co. -~ (MTS 2053}

Monsanto Chemical Co. - (MTS 2054)

Stepan Co. - (Makon 14)

Stepan Co. - (Makon 4)
Stepan Co. - (Makon 30)
Stepan. Co. - (Makon 8)
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33 ICI (Imperial Chemical Company - (IL 540)
(new)

534 Monsanto - {MTS5 2056)
835 Monsanto -~ (MTS 2057)

5§36 Stepan Chemical Co.- (Stepantan-3)

The high molecular weight material will have the foll-
owing abbreviations: '

Q1 Dow Chemical Company XD 8992 (1300 swell-

able poly (acrylamide/sodium acrylate) partially cross-
linked as discussed in uy. S. Patent No. 3,699,103.

Q2 General Mililg Company SG-P 502S swellable
hydrolyzed starch Polyarylonitrile graft copolymer as
disclosed in U. s§. Patent No. 3,935,099.

Q3 B F Goodrich- Carbopol 941 - water soluble

high molecular weight polyarylic acid as disclosed in
U. S. Patent No. 2,798,053 in the completely neutralized
form using sodium hydroxide, sodium carbonate or ammonia
or other bases in stockiometric amounts or otherwise.

Q4 Union Carbide Company - Polyoz Coagulant

{(MWM more than 500,000) Polyoxyethylene

Q5 Dow Chemical Company - Separan MG 700

partially hydrolized Polyacrylamides as discussed in
U. S. Patent No. 3,825,060,

Ql0 TIrradiated carbose {gamma carbose) - Thig
was prepared by starting with Carbose (sodium
carbcxymethylcellulose). Manufactured by BASF Wyandotte
Co. The Carbose IM was exposed to gamma radiation and the

Carbose (which is a pelymer becomes cross-linked. The gamma

Z. YHPO
FrepyariaRyY
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radiation was obtained by using a batatron-20 MEV (million

electron volts) gamma rays for 1 hour, This compound will
be referred to hereinafter as irradiated polymerized sodiun
carboxymethylcellulose.

Q14 Polybutadiene =+ (oleophilic)

Q15 Polyvinyl acetate - (oleophilic)

Q16 Polystryrene - (cieophilid)

Ql8 Stasork 372 - A, E. Staleé Co. (similar to
Q2). See page 23 of Chemical & Engineering News, Nov.

5, 1979,

Also usable in the present invention are trans-
portation compositions which facilitate movements of the
various emulsioné, slurries, etc. through piping, pumps and
Pumping requirements by lowering pipe friction. The trans-
portation agent is used in a pre-treatment step prior to
pumping. One example is the use of Q4 as a pre~treatment
in the pipe or as incorporated in the mixture. Alsoc usable
in the present invention are transportation materials and
agents selected from one or moe of the S's and Q's spec-
ified above but not limited thereto.

The concept of "transportation" referred to here-
inabave is particularly'directed to the transportation of
0il or coal oil mixtures or coal, oil and water mixtures
through pipe lines over long distances. As a general
aspect, the Invention is gquite useful as a lubricant
for container surfaces and conduits in general. The
use of certain aspects of the present invention, as

will now be described, substantially lowers the pipe

610202aA1 1 _>
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friction in order to greatly reduce pumping requirements.
It has been found that S* materials alone are
fairly good transportation adding (hereinabove referred
to as transportation) materials. The § material can be
5 incorporated into the body of the fiuid selution orx
mixture being ransported or can be applied in a precoat-
ing step to the inside wall of the pipe. It is preferr-
ed that the § matgrial in water solution or in a emulsion
or cther transvortation agent be applied by direct in-
10 jection into the pipe or other conduit container at
various pumping stations along the length of the Pipe.
Asg sﬁch, the transportation agent generallv has a
lubricating function, and can be regarded as a lubricant.
It has bean further found that a combination of
15 Q's and s's will act as a transportation agent as well
as a stabilizing agent. For instance; an emulsion**of
gasoline and water or kerosene and water can be prepared
using various combinations of Q's and 'S's in accordance
with the present invention. This technigue involves
20 injecting the aforesaid emulsion of the Q and g material
28 a lubricant intoc the pPipeline at pumping stations
along the pipeline. Where the S material is used zlone,
a solution of the g material in water.

*Such as §4

™having an § and Q material at a combined concentration
of at least 1000ppm of total emulsion weight.

BUKZAT
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It has been further found as a part of the
present invention that silicates, such as sodium or
potassium silicate are guite useful, either alone or in

‘combination with certain § materials as transportation
5 agents. One aspect of this feature of the invention
involves blowing ; water solution of silicates through

the pipe in a precoating stage. Another aspect of the

invention involves preparing a water solution or emulsion .
invoiving a silicate and a Q and a 8 and then blowing
10 the entire mixture through the pipeline or injecting the
same into the pipeline at pumping stations aloné the
pip;line. In making up a solution of silicate, Q and §,
it has been found that the silicate should be present
in an amcunt of at least 1000ppm concentration based
15 on the total weight of the solution or emulsion. &
preferred material is S9 when used with silicates only.

For ccal and ¢il mixtures or coal, oil and water mixtures,

the use of Q4 by itself has a transportation agent has

also quite satisfactory. .
20 The preferred silicate is sodium silicate
wherein there may be two, three or four molecules of
solicon dioxide to one molecule of disodium oxide. :
In the following Examples the gasolines are:
(A} American 0il Co. (AMOCO) Premium (No lead)

25 av. octane $# = 95.7 H0 means distilled

water.

(B) Same as above, but sub-regular (No lead)

BNSDOCID: «<WD, B102024A1.1 >
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average octane £ =88.0.
EXAMPLE 1

75 parts by volume of Gasoline A containing
3.75 g/lit. of OT-100 of American Cyanamide were shaken
with 25 parts by volume of water, containinq 0.7 g/lit.
of Dow Chemical Company's Dx-1300.and 0.5 g/lit. of
Na-341 carbopolate of B F Goodrich Chemical Co. a
stable emulsion of gasoline/water was produced; on
standing for one month at room temperature no noticeable
separation took place; howaever, aftexr 4.0 months a water
layer, equalling 3.7 volume & of the total liquid appeared;
aftér 9.0 months the separation of the aqueous layer was
5.6 volume % of the total liquid. The foregoing mixture
was used as a fuel in a single cylinder internal combust-
ion engine. Before use, viscosity was lowered by the
addition of ethyl alecohol (10% by volume). The engine
operéted satisfactorily under full locad for an extended
period of time.

EXAMPLE 2

90 parts by volume of gasoline B containing 3.75
g of OT-100 of American Cyanamide Co./lit. gasoline were
shaken with 10 parts by volume of water containing 1.0
g/lit. of a water swellable polymer SGP-5025 of General
Mills Chemicals, Tne. producing a stable milk~like
emulsion of gasoline/water. There was no gseparation of
an aqueous layer afiter 30 days and after 100 days an

aqueous lower layer approximately 0.5% of the total

810202441 | »

Ay



W0 81/02024 PCT/US80/01760

- 20 -
liquid accumulated,
EXAMPLE 3
75 parts by volume ‘of gascline A contéining 3.75
g9/1it of gasoline of OT-100 were mixed and shaken with
5 25 parts by volume of water containing only 1.0 g/lit.
solution of Na/941/carbopolate. It formed a stable

milk-like emulsion so that in 2 weeks no aqueous layer

separated and after 100 days 3.3 volume percent of the
total liquid separated.
10 EXAMPLE 4

Similar to Examples 1, 2 and 3 émulsions were
prepared with the same agents and materials but using
instead of gasoline:

a) Fuel 0il No. 1

b) Fuel 0il No. 2

15 €} Jet Engine Fuel J P 4
d4) Angelan Crude 0il as jis.

All of these four types formed stable emulsions,
similarly to those of examples 1, 2 and 3.
EXARNPLE 5

20 50.0 parts by weight of No. 2 fuel 0il, contain=-
ing 3.75 g/lit of OT-100 of American Cyanamide were mixed
witﬁ 30.0 parts by weight of bituminous coal passing a
325 mesh sieve, into a black asphalt~like ligquid, after
adding 1.65 parts by weight of isopropyl alcholol to wet

25 part of the coal powder. 20.0 parts by weight of water
containing both 1 g/1lit. of sodium 34l-carbopolate of B P
Goodrich Chemical Co. and 1 é/lit, XD-B992 of Dow

$UREA
oMl
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Chemical Co. were mixed in by stirring and a 30% weight

of coal. (20% weight water) 50% fuel oil slurry produced}
It exuded only 3 weight percent of fuel No. 2 after
standing for 45 days at room temperature (r 20°C) and
after a temperature cycle of 27 hours at -12°C) and after
a temperature cycle of 27 hours 27 hours at - 12°C and
4 hours at 85°C to 100°C to B85°C.
EXAMPLE 6

46 parts by weight of the same mesh coal as in
Example 5 were mixed with 44-1/2 parts by weight Crude
from Angola ( light crude) containing 3.75 g/lt. crude
of American Cyanamide's OT-100. To this black liguid
10 parts by vol. of water éontaining the same ingredients
and concentrations as in Example 5 above, were added and
Stirred with a stirrer to a homogenous black slurry of
the compcosition:
46 w/o (weight percent) carbon ¢ 1/2 w/o water --44 1/2

w/0 Gulf crude and which persists for leng periods of
time.

EXAMPLE 7
_Speed up of inversion

a2} To 20cc of Hz0 was added 80cc Gasoline B con-
taining 51 (3.75 gfl Gasoline B) and mixed with gentle
stirring in a magnet stirrer. The stirring sequence was 15
seconds stirring plus S seconds standing or manual swirling.
After six such seqﬁences the two separated layers rapidly
formed a high internal phase ratio emulsion (gas in water)

Or an invert.
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b) Repeat (of a) except that 1lBcc of water sol-

ution containing Q1 (0.63 g/1 Hy0) was added to 73cc of
éasoline B with S1 (3.75 g/1 gasoline). The emulsion ) i
now formed in only two sequences of stirring.
5 ¢) Repeat (of a) except that 20cc of water
solution of Q2 (1 g/l H;0) was added to BOcc Gasoline B
containing S1 (3.75 g/1 gasoline). The esmulsion now

formed in only two sequences of stirring.

EXAMPLE 8
10 Change of viscosity and stability.

a) For a 25¢ water solution Q2 (1.0 g/1 Hy0)
and-100cc Gasoline B containing S1 (3.75) g/l gasoline)
the sequence of'Example 7 ¢ was followed. The emulsion
has a viscosity of about 3 centistckes and left a lower

15 layer of .84cc in 6.0cc total in a centrifuge tuﬁe under
about 200 x g for 5 minutes.

b) stirring of the sample in a) of four
additional stirring sequences at about twice the stirring
speed gave an emulsion viscosity of about 12 centistokes .

20 and a centrifuge lower layer (same centrifuge conditions)
of about 0.3 cc, i.e. higher viscosity and greater
stability with increased rate of shear.

c) To a 20cc water solution of Q3 (1 g/l H20)
was added 80ce Gascline B containing S1 (3.75 g/1

25 gasoline}., The stirring sequence to form an emulsion of
the inverted type took 10 seguences of the stirring rate

of b) above plus 6 sequences of a combination of that of

BNSDOCID: WO 8102041 |_a
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a) and L) above. With four additional seduences of
Stirring (after inversion) at the speed of b) above the
viscosity of the emulsion was about 2% centistokesf@ith
a centrifuge lower léyer of about .48¢cc in 6cc total.

d} For the same composition as in ¢) above
except that 20cc Q3 solution was replaced by lOcc Q2
solution and 10cc 03 solution. =& viscosity of 13
centistokes and g centrifuge lower layer of about .48ce
in 6cec total was obtained. The emulsion was formed in
only three sequences of the stirring rate of b} above.
This shows the synergistic effect of Q2 on rate of
emuléion formation and Q3 on viscosity.

e} To 2ec solution of 1:1 Q1 and Q3 and one
liter of water (1g/l H20) each was added 75cc S1
(3.75 g/1 gasoline A). This solution was stirred at
five times the stirring rate of Examplé 7 a) to produce
an emulsion with a Giscosity of about 50 centistokes
and a centrifuge sedimentation of about .12cc. This
Sample was allowed to stand in a flask and showed no
appreciable separation for three months, after which
about 0.lce of water separated from about 100cc of
emulsion over an additional month. This correllates
the short temm stabillty centrifuge test with long
term stability, show1ng that both viscosity and lower
layer formation must be used to establish stability,
for this emulsion. This shows that the stability of 4)

above is greater than ¢) although the Centrifuge lower

— )
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layer formation is the same.

EXAMPLE 9
Addition of Q material improves stapility. .
a) A composition of 20cc Hz0 and 80cc gasoline
& B confaining Sl (3.75 g/1l) with stirring as in Example 8
b) gave an emulsion in 9 stirring sequences. Four more
similar stirring seguences gave an emuls;oq with a vis-

cosity of about 4 centistokes and a centrifuge lower

layer of .S54ec in 6ce.

10 b) This experiment is the same as'a} above
except that 20¢c water solution of QZ-(lg/i H,0) replaced
the 20cc Hy0. A‘viscosity of about 8 centistokes and a
centrifuge lower layer of .S4cc in 6¢c were obtained.
This increase in viscosity with ﬁhe Q0 material shows

15 increased stability over no use of Q material as in a)
above. See remarks at end of Example 8 e).

EXAMPLE 10

Q's have greatest effact with low concentration

.of S's

20 a) To 30cc. Hy0 was added 120cc of gasoline B
containing S1 (50 g/1} and following two segquences of
stirring as in Example 7 a) a low internal phase ratio
(water in gasoline) was formed. With this composition a
viscosity of about one centistoke and a zero centrifuge

25 lower layer was obtained.*

**With this type of emulsidn zero centrifuge lower layer

formation gave about 1.5% water layer in 7 days for long
term stability.
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b) Experiment a) above was repeated with 30cc
vater solution of Q1 (1 g9/1 H30) replacing the 30cc Ho0.
The same type emulsion with the same viscosity and lower
layer wére obtained as in a) ahove. This Example com-~

5 pared with Examples 7, 8 and 9 shows that 0's are most
effective with low concentrations of S materials in
Praducing high internal Phase ratio emulsions and
changing viscosity and thus stability.

EXAMPLE 11

10 Effect of alcohols, salts Hzﬂ/gasoline (Ratio).

a) A conp051t10n of 20cc water solutzon Q3
(.34 g/1 H20) and 80cc gasoline B (Sl solution concent-
ration grams/l gasoline B) with 3 minutes of uninterr-
upted magnetic stirring gave an emulsion with a viscosity

15 of about 4 centistokes and centrifuge lower layer of
about .7cc in 6ecc.

b} With the same composition as in a) above
plus 1.0cc methanol, only 30 seconds were required to
from an emulsion with a viscosity of about 3 centistokes

20 and centrifuge lower layer of -9cc in Gcc;

€} With the_same composition as in a) except
that 1.2 g of S1 was added to the gasoline and the con-
centration of Q2 was 1 g/l H20 an emulsion was produced
in 60 seconds of uninterrupted stirring that gave a

25viscosity of about 7 centistokes and a centrifuge lower

layer of about-.l4ce in 6ecc,

d) With the same cbmposition 2s in ¢) above
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plus 1.0ce methanol only 15 seconds was required to pro-

duce an emulsion with a viscosity of about 3 centistokes
and a centrifuge lower layer of about .8cc -~ comparing
a) with b) and c) with 4) shows that methanol decreased

5 the time of emulsification, decreases the emulsion vig-

cosity, and decreases the stability.

€) A composition loce of water solution, (.34 g/1
H,0 and 90cc gasoline B containing Sl_(3.75 g/l) required
five minutes of uninterrupted magnetic stirring to give

10 an emulsion of with a viscosity of about 16 centistokes
and a centrifuge lower layer of about .3cc in 6cc.

. f) The same composition as in a) was used with
the addition of 6.55cc CaCl2 (2g9/100cc ‘Hp0) and it was
not possible to produce an emulsion.

15 g9) A composition of 30cc water solution Q2
(.34 9/1 H30) and 70cec gasoline B containing S1 (3.75 g/1
G23b) required 2 minutes of stirring to produce an
emulsion with a viscosity of about 3 centistokes and
a centri%uge lower layer of about 1.1 cc in écc.

20 h} A composition of 20cc water solution Q2
(1 g/1 Hy7) 80cc gasoline B containing S1 (3.75 g/1)
formed an emulsion, after 4 stirring sequences (as in
Example 7z2). This emulsion gave a viscosity of about
3 centistokes and gave a centrifuge lower layer of

25 about .l9cc in 6cc.

' i) Dbecreasing the quantity of Q2 in h) above

to l8cc and increasing the guantity of Nacl to 2ce

SUREATy
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prevented the formation of an emulsion. Comparing

2) with £) and h) with i) shows that salt concentration
can prevent a high internal phase ratio emulsion from
forming. Comparing e) with g) shows that increaseg
5 water phase gives én emulsion of this composition with
decreased viscosity and stability,
EXAMPLE 12 ‘
Tests with Q4, S2, 53, s4, S9
a) A composition of 20ce water solution Q4
10 (1 g/1 Hy0) and 80cc s1. (3.75 g/1 required 15 stirring
Sequences of the type in Example 7 a) and after an invert
emulsion was formed 4 additional stirring sequences were
added. This gave an emulsion with a viscosity of about

10 centistokes and a centrifuge lower layer of about .33

15 cc in 6cc.

b) The composition of a) above was changed
for water phase to 1l0ce water solution Ql'(1.5 g/1 H0)
Plus 1l0cc water solution Q4 (1 g/1 H30). The invert
emulsion was now formed in 2 stirring sequences. The

20 viscosity remained at 10 centistokes and the centrifuge
lower layer changed to «42cc in 6Gee, Comparing a) and
b) shows similar synergistic effects to that obtained
in Example 8 d).
€} A composition of 20cc water solution 02
25(1/9/1 H30) plus 80 cc gasoline B solution S2 (3.7S
g/1 was stirred for 70 seconds in a magnetic stir;er af

about .6 maximum stirring rate to pProduce an emulsion

—
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of the high internal phase ratio type. After an add-

itional 30 seconds of stirring the emulsion had a
viscosity of about B8 centistokes and a centrifuge lower
layer of about .8cc in 6cec. 1In the following example

5 NaCl is used to prevent a high internal phase ratio
emulsion from forming, so that the following three examples
are of the low internal phase ratio type (water in hydro-

carbon). In all cases maximum stirring-speed of the

magnetic stirrer was used. When a Warning Blender was

10 used it was found that the lower layer supernate inter-
face (after centrifuging) centrifuging was less apparent.
In all cases the viscosity of the emulsion was about
1.0 centistoke in the following three tests.

d) Composition: 3cc NaCl-water solution

15 (29/100cc B30 plus l4cc Q1 water solution (1.5 g/1 Hz0)
plus  l4cc Q3 water solution (1 g/1 H,0) plus 920cc gas-
¢line solution B (3.75 g/1 gas b) gave zero centrifuge

lower layer in 6cc and no water separation in seven weeks

on standing.
20 e) Composition: l8cc Hy0 plus S5cc water sol-
ution Q2 (1 g/1 H30) plus .75cc 54 as is plus 1.5cc
S3 as is 72c¢c gasol@ne B gave same centrifuge results as
d) above.
f) Composition: 3.5cc water solution Q1 (1.5
25 g/1 Hz0) plus 3.5cc water solution Q3 (1 g/1 H20) plus
l.0ce sS4 plué l.5¢c 53 plus 87cc gasoline B gave a

centrifuge lower layer of about .06cc in 6cc.
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g) An invert emulsion was formed with 1l0cc

water solution Q1 (.5 g/1 H30) plus 90cc Angolan crude
{containing 4 g sl/l.crude). Less than 3cc of Ha0
Separated in 6 days.

h) A high internal phase ratio material was
Prepared with 9cc water solution Q1 (1.5 g/1 H20) ﬁlus
50 ¢cc % 2 oil {(with 4g sl/1 g2 oil) and stirring in g
magnetic stirrer at 1/5 -and 3/5 full scale. With the
addition of an additional 40cc of #2 oil (with same
c¢oncentration of S1) the emulsion remained stable.

i) An emulsion of the type in H) above was

" made- with S5cc water solution Ql (1.5 g/1 HBy0) plus Scc

water solution Q3 (1 9/1 H20) plus 40cc £2 oil (with .25
$9) and the same stirring sequence.

This emulsion was broken with the addition of
40cc more of #2 0il and stirring. The emulsion was reformed
with the furter addition of .25 g of S9 with additional
stirring. This emulsion was stable, with no water separ-
ation, for more than 19 gdays.

i) A stable coal-oil-water slurry was prepared with
5cc water solution QF (1.5 g/1 Hy0) plus S5cc water solution
Q3 (1 g/1 H20) plus llec 3s oil (viscosity of 126 Furol at

about 120°F) plus 0.5¢ce 59 Plus 80 g Bituminous coal
(=200 mesh, ¢ Illinois).

coal and was stirred (500 r.p.m.) for the 80 grams of coal,
with a glass stirrer, while the material was elevated in

temperature of about 130°F, for 14 minutes of stirring.

B102024A1_|_>
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The’ slurry was'then placed in a sole plastic.syringe for

sectioning at a later date, to determine settling.
EXAMPLE 13
a) Ten cc of H20 was mixed with 100cc of £6
5 o4l (126 Furol at 120°F) with a glass stirrer at about
600 r.p.m. for 5 minutes. When 60cc of this oil {no
water) is passed thfough 2 reference funnel at 23°C

. it took 300 seconds to obtain a thin fulament of oil

and an additicnal 30 seconds before the end of the
10 pour. With the water addition the dil drained from
the side of a glass graduate at 23°C, in about 1.0
hour-
b) & camposition and procedure described in
a) about was followed except that the l0cc of Hy0 was
v~ 15 replacei by a water solution of 1 to 1 Q1 ahd Q3, with a
concentration of 1.5°'g/l H;0 for Q3, plus about .3 g of
59. The funnel test gave 25 seconds to filament and an

additional 30 seconds to end of pour. The separation

from the walls of the glass container took about 1.0

20 seconds (at 23°C); for about 90% of the poured material.
Parts a) and b) demonstrate that the addition of Q and
S materials change the pour ability of #6 oil, radically.
EXAMPLE 14
A composition of 3cc ﬁzo plus a 7ec Hy0 solutién '
25 0f Q1 (1.5g Q1 / 1 H30) plus 91.5 cc of gascline B plus
0.5cc S9, was formed in a Waring blender operating at

1/2 full speed for 5 minutes. This composition and
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procedure produced a very stable low internal phase

ratio emulsion of water in gasoline. Less than O.lcc
in 90cc of a viscous water layer was deposited at the
bottom of the containing cylinder.

5 Although the present invention has been dis-
closed with emphasis upon hydrocarbon and water mixtures
with coal combustibles or non-combustibles or as in-
volving water or coal or oil and coal, it is contemplated
that the agent and the high molecular weight material

10 will achieve stable mixtures involving other materials
or facilitate the transportation thereof.

- Also, even the hydrocarbon water mixture or
other mixtures or the present invention can be readily
transported or held in stable condition for purposes of

15 the combustion in the classical sense. For instance,
the product of the invention can be used in the petro-
chemical ihdustry where the mixture can be separated
into components and such components utilized for their
chemical or other value.

20 The present invention is also useful in main-
taining the stability of a mixture of 90% gasoline and
10% alcohol, known as gasahol. Whenever water {(£xrom
rainfall or otherwise) enters a tank of gasahol, it has
been found that the water will tend to draw the alcohol

25 out of the gasahol solution. With the passage of time,
the quantity of alcohol and water solution will ace-

umulate at the bottom of a tank while gasoline (without
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water) goes to the top of the tank. This set-up will

érovide poor engine performance if the alcohol~-water

at the bottom of the tank is eventually drawn by the
gasoline pump for combustion purpbses into the engine.
With the present invention, stability of the gasahol is
maintained at all times, even when the water gets into
the tank since water will not hinder the gasocline-alcohol

mixture that is stabilized with the addition of a Q-8

palr. Clearly, the present invention is operative even
where the relative presence of alcohol is greatly increas-
ed up to and beyond the point where alcohol is Present
in an amount greater than the gasoline.

Without further elaboration the foregoing will
50 fully illustrate our invention that others may, by
applying current or future knowledge, readily adapt

the same for use under various conditions of service.

et
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What is claimed as the invention is:

1. In a mixture of a hydrocarbon and water, the
improvement comprising achieving a very stable mixture
above the freezing temperature of the mixture through
the addition without a severe nmixing action of a relative-
ly low molecular wéight agent and a high molecular
weight material with at least one of said agent and

material having an affinity between the water and the

hydrocarbon.

2. The mixture of Claim 1 wherein the hydro-

carbon is a liquid.

. 3. The mixture of Claim 2 wherein the hydro- -

carbon is gasoline.

4. The mixture of Claim 2 wherein the hydre-

carbon is heating oil.

5. The mixture of Claim 2 with the further

addition of coal.

6. The mixture of Claim 2 with the further

addition of lignite.

7. The mixture of Claim 2 wherein the hydro-

carbon is crude oil.

8. The mixture of Claim 2 used as a pour

point depressant.

9. The mixture of Claim 2 used for trans-
portation purposes.
10. The mixture of Claim 2 wherein the agent

is sodium salt of dioctylsulfosuccinnic acid.
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1l. The mixture of Claim 2 wherein the agent

is sodium salt of decylbenzenesulfonic acigd.

12. The mixture of Claim 2 wherein the agent
is calcium dodecyl benzene sulfonate and alkyl phenoxy
pelyoxyethylene ethanol.

13. The mixture of Claim 2 wherein the agent
is octylphenoxypolyethoxy ethanol.

14.  The mixture of Claim 2 wherein the agent

is alkylamine dodecyl benzene sulfonate.

15. The mixture of Claim 2 wherein the high
molecular weight material is swellable poly (acrylamide/
sodium acrylate) partially crosslinked.

1s. Tﬁe mixture of Claim 2 wherein the high
molecular weight material is swellable hydrolyzed
starch polyarylonitrile graft copolymer.

17. The mixture of Claim 2 wherein the high
molecular weight material is water soluble high molecular

weight polyacrylic acid in the completely neutralized

form.

18. The mixture of Claim 2 wherein the high
molecular weight material is polyoxyethylene having a
molecular weight in excess of 500,000.
15. The mixture of Claim 2 wherein the agent
is sodium salt of dioctylsulfosuccinnic acid and the !
high molecular weight material 18 a mixture of swellable
poly (acrylamide/sodium acrylate) partially crosslinked

and water soluble high molecular weight polyacrylic acid
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in the completely neutralized form.

20. The mixture of Claim 19 with the further
addition of coal.

2l. The mixture of Claim 2 wherein the agent
is sodium salt of dioctylsulfosuccinnic acid and the
high molecular weight material is a mixture of swellable
hydrblfzed starch polyacrylonitrile graft copolymer.

22. The mixture of Claim 2 wherein the agent
is sodium salt of dioctylsulfosuccinnic acid and the
high molecular weight material is a mixture of water
soluble high molecular weight polyacrylic acid in the
completely neutralized form.

. 23. Ih a mixture-of cocal and water, the
improvement comprising achieving a very stable mixture
above the freezing temperature of the:ﬁixture through
the addition without a severe mixing action of =&

relatively low molecular weight agent and a high mole-

- cular weight material with a least one of said agent

and material having an affinity with said water.

24. The mixture of Claim 23 with the further
addition of liquid hydrocarbon with one of said agent
and material having affinity between the water and the
hydrocarbon.

25. In a mixture of coal and oil, the improve-
ment comprising achieving a very stable mixture above
the freezing temperature of the mixture through the

addition without severe mixing action of a relatively

URLEATF
OMP!
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low molecular weight agent and a high molecular weight

material with at least one of said agent and material

having an affinity with said oil. -
26. A stabilizer for a mixture above the

freezing temperature, having at least one ingredient,

said stabilizer comprising a relatively low molecular-

waight agent and a high molecular weight material with

at least one of said agent and material having an

affinity for said ingredient to achieve a stable mixture,

said mixture being achieved without a severe mixing action.
27. In a mixture of a hydrocarbon and water,

the -improvement comprising achieving a very stable mix-

ture above the éréezing temperature of the mixture

through the addition without a severe mixing action

of a relatively low molecular weight agent and a high

molecular weight material wherein the molecular weight

of said material is at least 500,000.

28. The mixture of Claim 27 wherein said

relatively low molecnlar weight agent has a molecular
weight between 225 and 10,000.

29. The mixture of Claim 28 wherein said
relatively low molecular weight agent has a molecular
weight between 272 and 690.

30. In a process of facilitating the trans-
portation through piping of substances, said process
comprising treating the internal surface of said piping

with a high molecular weight material having a molecular
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weight of at least.500,000.

31. The process of Claim 30 wherein the
treating of the internal surface of said piping ipvolves
a pretreating step.

32. The process of Claim 30 wherein the treat-
ing of the internal surface of said piping involves
incorporating said material into said substances.

33. 1In a process of facilitating the trans-
portation through piping of substances, said process
comprising treating the internal surface of said piping
with a silicate solution.

34. The process of Claim 33, wherein there is
added to saild silicate prior to treatment a high molecular
weight material and a low molecular weight agent.

35. 1In a gasoline mixture, the improvement
comprising adding an amount of high molecular weight
material and a low molecular weight agent sufficient
for stabilization in the presence of water.

36. A method Bf achieving stability in a coal
oil mixture comprising adding to said mixture a suff-
icient amount of at least one high molecular weight
material and at least one low molecular weight agent.

37. The method of Claim 36 involving a coal
0il water mixture.

38. The process of Claim 1 wherein said high

molecular weight material is irradiated polymerized
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sodium carboxymethylcellulose.

3%. For agricultural use involving a mixture
of a hydrocarbon, an agriqulturally active agent and
water, the improvement éomprising achieving a very
stable mixture above the freezing temperature of the
mixture through the addition without a severe mixing
action of a relatively low molecular weight agent

and a high molecular weight material with at least one

of said agent and material having an affinity between
the water and the hydrocarbon. |

40. A methed of formulating a hydrocarbon,
an agriculturally active agent and water_comprisihg
adding thereto ; relatively low molecular weight agent
and a high molecular weight material with at least
one of said agent and material having an affinity
between the water and the hydrocarbon, and imparting a

mixing agent to achieve a very stable mixture.
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AMENDED CLAIMS
(received by the International Bureau on 6 July 1981 (06.07.81))

A mixture comprising a hydrocarbon and water

characterised by the presence of a relatively low

molecular weight hydrophilic-lipophilic agant and a
high molecular weight water soluble or water~swellable
material, at least one of which has an affinity to

both the water and the hydrocarbon.

A mixture according to Claim 1, characterised in that

the agent has a molecular welght from about 225 to
abolut 1000.

A mixture according to Claim 2, characterised in that

the molecular weight is between 272 and 650.

A mixture according to Claim 2 or 3, characterised in

that the agent is the sodium salt of dioctylsul—
phosuccinnic acid, or decylbenzenesulphonic acid;
calecium dodecyl benzene sulphonate or alkyl phenoxy
polyoxyethylene ethanol; octylphenoxypolyethoxy, or an

alkylamine dodecyl benzene sulphonate.

A mixture according to Claim 1, 2, 3 or 4, characterised

in that the high molecular weight material has a

molecular weight in excess of 500,000.

A mixture according to Claim S, characterised in that -

210202447 _|_>
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the material is swellable poiy (acrylamide/sodium
acrylate) partially crosslinked, swellable hydrolyzed
starch polyacrylonitrile graft copolymer, water soluble
high molecular weight polyacrylic acid in the

completely neutralized form.

A mixture according to Claim 5, characterised in that
the material is irradiated polymerised sodium carboxy
methyl cellulose, polybutadiene, polyvinyl acetate or

polystyrene.

A mixture according to any preceding claim,

characterigsed in that the agent is sodium salt of

dioctylsulphosuccinnic acid and the high molecular
weight material is a mixture of swellable poly
(acrylamide/sodium acrylate) partially crosslinked ana
water soluble high molecular weight polyacrylic acigd in

the completely neutralized form.

A mixture according to any preceding Claim,

characterised in_that the hydrocarbon is a liquid or

10.

solid or bhoth.

A mixture according to Claim 9, characterised in that

the hydrocarbon is selected from one or more of

gasoline, heating o0il, crude 0il, coal, lignite or

‘gasohol.

BI02024A1_1_»
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14.
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16.

17.
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A mixture according to any preceding Claim,

characterised in that silicate solution is additionally

present.

A mixture according to any preceding Claim,

characterised in that a plant growth regulator is

present.

A mixture according to Claim 12, characterised in that

the plant growth regulator is 2,4-D.

A ‘method of making a mixture according to any preceding

Claim, characterised by mixing the ingredients at room

temperature with gentle mixing for a period not

exceeding 15 minutes.

A method according to Claim 14, characterlsed in that

the formed mixture is pumped along a2 pipeline to an end

destination.

A method according to Claim 15, characterised in that
the interior surface of the pipeline is coated with the

material before pumping is started.

A method according to Claim 15, characterised in that

the interior of the surface of the pipeline is coated

with a silicate solution.
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EDITORIAL NOTE

The applicant failed to renumber the amended claims in accordanee with Section
205 of the Administrative lnstructions,

In the absence of any specific indication from the applicant as 1o the correspon
dence between original and amended claims, these claims are published as filed and as
amended,
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METHOD OF PREPARATION OF EMULSIONS OF
VISCOUS HYDROCARBON IN WATER WHICH
INHIBITS AGING

BACKGROUND OF THE INVENTION

The present invention is drawn & method for the
preparation of a hydrocarbon in water emulsion from
viscous hydrocarbons and, more particularly, a8 method
for the preparation of low-viscosity hydrocarbon in
water emulsions from viscous hydrocarbons whercin
aging of the emulsion over time is substantially elimi-
nated.

The viscous hydrocarbons (below 12° API gravity)
found in Canads, the Soviet Union, the United States,
China, and Venezuela, are liquids having viscosities
running from 10,000 to 500,000 centipoise at room tem-
perature. Normally, these viscous hydrocarbons are
produced by mechanical pumping alone, mechanical
pumping combined with steam injection, and through
mining techniques. To make hydrocarbons of this kind
more comumercially valuable, it is necessary to develop
methods to increase the effectiveness and profitability
of their transportation and storage thereby facilitating
their subsequent use as raw materials in the derivation
of other products or in other applications. Processes
have been conceived to modify these hydrocarbons so
as to change them into & pumpable form and make it
possible to move them through conventiomal pipes.
Among the most common processes is that of forming
emubsions of these hydrocarbons in water. The emul-
sions have much lower viscosity than the hydrocarbon
alone and thus can be pumped at a faster speed throogh
the pipe lines with conventional pumping equipment.

The aforesaid emulsions are prepared using surfac-
tants, which can be cationic, anionic, and/or non-ionic.
Their preparation involves a large number of variables,
both physical-chemical (covering the formulation of the
cmulsion) and mechanical (relating to the method and
speeds of stirring). These variables are very important,
since the stability of the emulsion, that is, that their
component phases do not separste out and that their
viscosity remaint comstant over time, depends upon
these variables,

Several methods have been proposed for forming
emulsions of hydrocarbons in water nsing chemical
additives, thereby reducing the viscosity of the hydro-
carbons 50 as to make them transportable.

Typical processes are described in U.S. Pat. Nos.
3,380,531; 3,467,159; 3,487,844; 3,006,354; 3,425,429,
3,467,195; 3,515,006; 3,943,954; 4,099,537, 4,108,193;
4,239,052, 4,249,554, 4,627,458; apd 4,795,478. They
involve the use of sodiom or ammonium hydroxide,
non-ionic, anionic, and cationic surfactants, or combina-
tions thereof.

The foregoing methods produce stable emulsions
from the point of view of the coalescence of their pha-
ses. However, a problem which has not been resolved
1o date is that of controlling or eliminating the phenom-
enon of aging which affects these emulsions. By aging is
meant the progressive increase in the viscosity of the
emulsion over time. One technique used to prevent
aging involves the addition of electrolyles which in.
volves an sdditional cost in the process of preparation
of the emulsions,

Naturally, it would be highly desirable to provide a
method for preparation of hydrocarbon in water emul-
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sions from viscous hydrocarbons wherein aging of the
emulsion over time is substantially eliminated,

Accordingly, it is the principie object of the present
invention to provide a method for the preparation of
hydrocarbon in water emulsions from viscous hydro-
carbons wherein the aging of the emulsion over time is
substantially eliminated.

It is the principle object of the present invention to
provide & method as eforesaid wherein the fina] emul-
sion exhibits a viscosity of less than or equal to 1500
centipoise at 80° F.

1t is a further object of the present invention to pro-
vide a method for the preparation of hydrocarbon in
water emulsions as aforesaid wherein the average oil
droplet size in the final emulsion product is greater than
or equal to 15 microns.

It is a still further chject of the present invention to
provide a method for the preparation of hydrocarbon in
water emulsions from viscous hydrocarbons as afore-
said wherein the hydrocarbon is the natural occurring
crude, tar or other natural occurring hydrocarbon or
residual fuel oil characterized by a viscosity of greater
than 100 centipoise et 122* F. and an API gravity of
greater than or equal o 16° APL

Further objects and advagtage of the present inven-
tion will appear hereinbelow.

SUMMARY OF THE INVENTION

The present invention is drawn to z method for the
preparation of a-hydrocarbon in water emulsion from
viscous hydrocarbons and, more particularly, a method
for the preparation of low-viscosity hydrocarbon in
water emulsions from viscons hydrocarbons wherein
aging of the emulsion over time is substantially elimi.
nated.

The method in accordance with the present invention
comprises the steps of first forming & concentrated
emulsion by admixing a viscous hydrocarbon with
cinulsifier and water 0 as to obtain a water content in
an amount of less than or equal to 15%5/wt. The afore-
said mixture is thereafter heated to a temperature of
between 120° F. and sbout 200° F. and thereafter the
heated mixture is stirred under controlled conditions so
as to obtain a concentrated bydrocarbon in water emul-
sion having an average oil droplet size of less than or
equal 3 4 microns. After obtaining the concentrated
emulsion, a final emulsion is prepared by first diluting
the concentrated hydrocarbon in water emulsion with
WALCT 30 85 to obtain a water content of less than or
equal 309%/wt. The diluted mixtyre is thereafter heated
10 2 temperature of between 140° F. to about 220" ¥,
The heated diluted mixture is then sticred under con-
trolled conditions 50 as to obtain a final hydrocarbon in
water emulsion having an average oil droplet size of
greater than or equal to 1S microns wherein the viscos-
ity of the fina! emulsion is less than or equal to 1500
centipoise at 1 s-!and 80" F.

The hydrocarbon in water emulsion produced by the
method as aforesaid results in an emulsion which is not
oaly stable but which is substantially impervious to the
aging phenomena heretofore exhibited by hydrocarbon
in water emulsions produced by prior art processes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram showing the steps for
preparing a hydrocarbon in water emulsion according
to the method of the present invention;
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FIG. 2 is a graph of five curves showing the effect of
oil droplet size on the aging of hydrocarbon in-water
emulsions prepared in accordance with Example IT;
FIG. 3is a graph of two curves showing the effect of
oil droplet size on the aging of hydrocarbon in water
emulsions prepared in accordance with Example IV.

DETAILED DESCRIPTION

The method of the present invention allows for the
preparation of hydrocarbon in water emulsions from
viscous hydrocarbons wherein aging of the emulsions
over time is substantially eliminated.

FIG. 1 is a schematic diagram showing the steps for
preparing hydrocarbon in water emulsion from a vis-
cous hydrocarbon in accordance with the method of the
present invention. The process of the present invention
is particularly suitable for viscous hydrocarbons having
the following physical and chemical properties: * API
gravity of between 1 and 16; viscosity at 122° F. of
between 100,000 aod 500,000 centipoise; viscosity at
210° F. of between 10,000 and 16,000 centipoise; asphal-
tene content of between 5 and 25%/wt.; resin content of
between 3 and 309/wt; carbon content of between
78.2 and 85.5%/wt.; hydrogen content of between 9.0
and 10.8%/wt.; oxygen content of between 0.25 and
i.1%/wt; nitrogen content of between (.5 and
0.7%/wt.; sulfur content of between 2.0 and 4.5%/wt.;
vanadium content of between 50 to 1000 Ppm; nickel
content of between 20 to 500 ppm; iron content of be-
tween 5 vo 100 ppm; sodium content of between 10 to
500 ppm; and ash content of between 0.55 and 0.3%./wt.
The viscous hydrocarbons may be in the form of heavy
crade oils, naturally ocewrring bitumens, naturally oc-
curTing tars, heavy residusls, and the like,

In accardance with the method of the present inven-
tion, the non-aging hydrocarbon in water emulsion is
prepared by first formning a concentrated emulsion.
With reference to FIG. 1, the concentrated hydrocar-
bon in water emulsion is formed by admixing a viscous

hydrocarbon with water and an emulsifying additive.'

The amount of water admixed with the hydrocarbon
and emulsifying additive is such 25 to insure that the
walter content in the concentrated emulsion is less than
or equal to 15%/wt. water. The emulsifying additive is
added in an amount of between 0.1 and 5.0%/wt., pref--
erably between 0.1 and 1.09:/wt., based on the total
weight of the copcentrated hydrocarbon in water emul-
sion.

The preferred emulsifying additive for use in the
methad of the present invention comprises a mixture of
either a non-jonic surfactant or anionic surfactant with
a phenol-formaldehyde-ethoxylated resin. The phkenol-
formaldehyde-ethoxylated resin is combined with the
surfactant in an amount of between 1 to 109%/wt. pref-
erably 1 to 5%/wt based on the total weight of the
emulsifying additive,

Useful non-ionic surfactants for use in the method of
the present invention include ethoxylated alkyl phenol,
ethoxylated alcohols, and esters of ethoxylated sorbitan
compounds. Preferred non-ionic surfectants should
bhave a hydrophylic-lipophylic balance {HLB) of
greater than 13. Preferred non-ionie surfactants inelude
alkyl phenol ethoxylates. Particulerly useful anionic
surfactants include alkyl arylsulphenates and alkyl aryl-
sulfates and surfactents derived from long-chain car-
boxylic acids. Preferred anionic 'surfactants include
those having a HLB of grester than 13, for example,
amroonium alkylary] sulphonates such as dodecil ben-
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Zenesulphonate. The phenol-formaldehydeethoxylated
resin-preferably has fram 3 to 7 cthoxy units,

The admixed viscous hydrocarbon, water and emulsi-
fying additive is then hested to a temperature of about
between 120° F. to 200° F. and the heated mixture is
thereafiter stirred under controfled conditions so as to
form 2 concentrated hydrocarbon in water emulsion
having an average oil droplet size of less than or equal
to 4 microns. In accordance with the present invention,
the heated mixture is stirred in a high-speed mixer at an
rpm of less than or equal to 2000 rpm and, preferably,
between 1000 end 1500 rpm.

The concentrated hydrocarbon in water emulsion is
then diluted with water o as to obtain a water content
of between 20 to 30%/wt., preferably 28%%/wt. The
diluted mixture is then heated to a temperature of be-
tween about 140° F. and 220° F., preferably between
180" F. and 220" F. The heated diluted emulsion is then
subjected to shearing in & high-speed mixer at speeds of
up to 4500 rpm and preferably between 3500 and 4500
Tpm 50 a5 to obtain a final hydrocarbon in water emul-
sion product baving an average oil droplet size of
greater than or equal to 135 microns and a viscosity of
less than or equal 1500 centipoisc at 80° F,

The non-aging hydrocarbon in water emulsion
formed in accordance with the method of the present
invention comprises preferably from about 70 to
80%/wt. oil, from sbout 20 to 30%/wt water, from
about 0.1 to 5%/wt. of an emulsifying agent, an average
oﬂdmplctsizeofgrmthanorequalto 15 muicrons,
and a viscosity of less than or equal to 1500 centipoise at
1 s and 80" F. The aging factor of the non-aging hydro-
carboninwatcremulsionismnvmgechangeinvis-
cosity of less than 100 centipoise per month and prefera-
bly 100 centipoise per year. By aging factor is meant the
change in viscosity at r given temperature over time. In
accordance with the preferred embodiment of the pres-
ent invention the non-aging hydrocarbon contains an
emulsifying agent which comprises 4 mixture of either a
non-ionic surfactant with a phenol-formaldehydeethox-
ylated resin or an anionic surfactant with a phenol-for-
maldehyde-cthoxylated resin wherein the phenol-for-
maldehyde-ctboxylated resin is combined with the sor-
factant in an amount of between I to 109 /wt., prefera-
bly 110 5%/wt. based on the total weight of the emulsi-
fying additive. The non-aging hydrocarbon in water
emulsions produced in sccordance with the method of
the present inveation substantially eliminate the aging
pheromena which plague hydrocarbon in water emul-
stons formed by other known methods. The non-aging
characteristics of the hydrocarbon in water emulsions
formed by the method of the present invention will be
made clear from the following iliustrative examples.

EXAMPLE 1

In order to demonstrate the effect of the method of
the present invention for producing hydrocarbon in
water emulsions wherein aging of the emulsion over
time is substantially eliminated, a natorally occurring
visoonshydrocarbonwasadmixedwimwuerandm
emulsifying additive. The naturally occusring viscous
hydrocarbon was a Cerro Negro tar from the Orinoco
Oil Belt region of Venezuela. The physical and chems.
cal properties of the Cerro Negro tar emploved in this
example is set forth below.

Gravity APL (0" F)) 84
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~continued

Saturates %o/wi. 11.8
Aromatics %/wt, 453
Resing %/ wi 09
Asphaltenss %,/wi, 113
Acidity, mgKOH/g of birumen 307
Totl pom 5561
Sulfur %/wi 39
Nickel ppin 105.9
Vanadinm ppm 4.2

The emulsifying additive comprised a non-ionic surfac-
tant in the form of an alkyl phenol ethoxylated com-
pound sold under the trademark INTAN-100 ®which
is a trademark of Intevep, S.A. and a phenol-formal-
dehydeethoxylated resin having 5 units of ethy] oxide.
The emulsifying composition comprised 97%/wt. of
the non-ionic surfactant and 3%/wt. of & phenol-for-
maldehyde-ethoxylated resin. The mixture comprised
9396/wt. of the Cerro Negro tar, 6.7%/wt. of distilled
water, and 0.3%/wt. of the emulsifying composition
described above. The mixture was heated o a tempera-
ture of 167" F. and slowly pre-mixed. The mixture was
then stirred with a spiral palet at a speed of 1200 rpm to
obtain a first concentrated emulsion. Four ssmples of
the first concentrated cmulsion were taken after stirring
times of 2 min., 4 min,, 4 min., and 4 min, respectively.
The average dismeter of the oil droplet size of the four
sampies of the first concentrated emuision was mea-
sured and the results are sct forth below in Table 1.

TABLE 1
Concentrated Emulsion
Time, Average Din
Sample Minines Microny
1 2 8.6
b} 4 kX
3 4 3.9
4 4 13

Each of the four samples of the first concentrated
emuision were then diluted with distilled water 50 as to
obtain a water content of 2855/wt. The diluted emul-
sion was then heated 10 a temperature of 176* F. and
stirred at a speed of 4000 rpm. The four ssmples were
stirred for a time of 1 min , 2 mir,, 3 min., and 4 min,
respectively, The final cooled emulsions were stored at
0" F. for 24 hours and the sverage oil droplet diameter
wat measured as was the viscosity of each of the sam-
ples. Viscosity measurements were again taken afier 48
hours. The results are set forth in Table II below.

TABLE 11
Diluted Emulsion
Average Viscosity (cPr) at
Time, Dia. 13-\ and 80" F.after

Samp! 4hn.  4bn
1 1 16 18,610 20,000

2 2 1 1280 7.300

3 k] 10 4,024 4,100

4 4 15 500 250

FIG. 2 demonstrates oil droplet diameter size in the
concentrated emuision and the final diluted emulsion
has on the viscosity of the final emuision. From Table I1
it can be seen that samples 2, 3, and 4 which had an
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average oil droplet diameter of less than 4 microns do
not show virtually any aging of the final emulsion prod-
uct while sample 1 which had an average oil droplet
diameter of 8.6 microns in the concentrated emulsion
aged when fortaed to a final emulsion product. In addi-
tion, it can be seen that as the average oil droplet diame-
ter increased in the final emulsion product of samples 2,
3, and 4 the final viscosity of the product was greatly
reduced. Not only was the viscosity of the final diluted
emulsions improved with increased oil droplet size, the
non-aging characteristics of the emulsions likewise in-
creased with an increase in il droplet diameter size.
Thes exarople clearly demonstrates the criticality of oil
droplet diameter size in both concentrated emulsion and
the final diluted emulsion in order to obtain a low vis-
cosity non-aging hydrocarbon in water emulsion in the
final emulsion product. From Table II it can be seen
that it is preferred that the concentrated emulsion have
an average oil droplet size of less than or equal to 4
microns and that the final emulsion product have an

average oil droplet size of greater than or equal to 15
microns.

EXAMPLE 11

Five additional ssmples were prepared following the
same procedure as described above in Example 1 with
only the time of stirting being varied so as to obtain
different oil droplet diameter sizes in the concentrated
emulsions and the final diluted emulsions. Table ITI

30 below sets forth the average oil droplet diameter for the
concentrated and diluted emulsions for each of the five
samples.

TABLE If1
13 Mversge Dix, Microns Average Din, Microns
Sample  Costrntmted Emulsion Diluted Emulsion
1 51 19
2 37 1
3 33 0
4 40 2z
40 5 40 n

50

15

The samples were stored at 80" F. and the viscosity of
the emulsions were measured at regutar time intervale
for ten days in order to determine the non-aging charac-
teristics of the emuisions. The results are summarized in
FIG.Z.AscnnbeseenfromFlG.z,againinitinloil
droplet size in the concentrated emulsion is moportant
for obtaining a non-aging hydrocarbon in water emul-
sion. In addition, it can be scen that final oil droplet
diameter is important for obtaining Jow viscosity non-
aging hydrocerbon in water emulsions.

EXAMPLE Il

Example II was again repeated with the exception
that the emulsifying composition was & mixture of
97%/wt. amonium dodecilbenzensulphonate  and
3%/ wt. of the same formaldehyde resin used in Exam.
ple IL. The average oil droplet dizmeter was again mea-
sured for each of the samples after the formation of the
concentrated emulsion and the final diluted emulsion.
The final diluted emuisions were again cooled to 80° F,
and the viscosities were measured after 24 and 48 hours.
The results are set forth below in Table IV.

TABLE IV
Viscosity (¢Py) at
Average Dis Mictans  Average Dia. Microns 13— 1 after
Sample Concentrated Emuisions  Diluted Emulsions 24 hrs, 48 hrs.
1 4 15 600 &0

BI5AG04A1 | >
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TABLE IV-continued

Visoosity (cPs) az

Average Dis, Microm  Aversge Dia. Microns

18— after

Sample  Concentrated Emulsions  Diluted Emolsions 24 hre. 42 s,

2 3 ]

3 ] 15 o

7 T

9300

Again, it is cleacly seen the criticality of obtaining an oil
droplet size in the concentrated emulsion of less than or
equal to 4 microns in order to reduce the viscosity of the
final hydrocarbon in water emulsion as well g5 the non-
aging characteristics of the final hydrocarbon in water
emulsion.

EXAMPLE IV

Two additional samples were prepared using the
emulsifier compasition of Example ITT and following
the same procedure of Example IT described above. The
sverage oil droplet diameter size for the concentrated
and diluted emulsions of cach of the samples is set forth
below in Table V.

TABLE vV
Average Din, Micrans Avenage Dia., Microns
Sumple  Concentrated Erlaion Dilated Emulsion
1 [ 15
2 4 15

The emulsions were again cooled to 20° F. and the
viscosities were measured afier 1 day, 3 days, and §
days. The bebavior of the emulsions with storage time
are summarizes in FIG. 3. Again, it is clearly demon-
strated that the oil dropiet size as a concentrated emul-
sion is critical in obtaining a low viscosity, non-aging
hydrocarbon in water emulsion.

This inventionr may be embodied in other forms or
carried out in other ways without departing from the
spirit or essential characteristics thereof, The present
embodiment is therefore to be considered as in all re-
spects illustrative and not restrictive, the scope of the
invention being indicated by the appended claims, and
all changes which come within the meaning and renge
of eguivalency arc intended to be embraced therein.

We claim:

1. A method for the preparation of a low viscosity,
non-aging hydrocarbon in water emulsion from a vis-
cous hydrocarbon wherein aging of the emulsion over
time is substantially eliminated comprising the steps of:
(a) forming a concentrated emulsion by:

(1) 2dmixing said viscous hydrocarbon with an emul-

sifying additive comprising a non-ionic surfactant,
' phenol-formaldehyde ethoxylated resin in an
amount of between 1 to $9/wt. based on the total
weight of the emulsifying sdditive and water
wherein & water content i5 less than or equal to
15%/wt.;

(2) beating said mixture to a temperature of betwesn
about 120* F. to about 200° F.; and

(3) stirring said beated mixture under controlled con-
ditions 5o as to obtain a concentrated bydrocarbon
in water emulsion having an average oil droplet
size of less than or equat to ¢ microns;

(b) forming a final emulsion by:

(1) diluting said concentrated hydrocarbon in water
emulsion with water 5o as to obtain a water content
greater than the water content of the concentrated
emulsion and less than or equal 1o 30%/wt.;

(2) beating said diluted mixture 1o a temperature of
between about 140° F. to about 220" F.; and
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{3) stirring said heated mixture under controlled con-
ditions 50 as to obtain a final hydrocarbon in water
emulsion having en average oil droplet size of
greater than or equal to 15 microns wherein the
viscosity of the final emuision is Jess than or equal
to 1300 centipoise at 1 5—! and 80° F.

2. A method eccording to claim 3 wherein said mix-
ture is heated to a temperature of between 120° F. and
180" F. in step (a) (,2).

3. A method according to claim 1 wherein said heated
mixture is stirred at a speed of between 1000 to rpm in
step (a)(3).

4. A method according to claim 1 wherein said di-
luted mixture iS hested to s temperatore of between
about 180" F. to about 220° F. in step {b)2).

5. A methodi according to claim 1 wherein suid
heated diluted mixture is stirred at a speed of between to
4500 rpm in step (b)(3).

6. A wethod according to claim 1 wherein said vis-
cous hydrocarbon has the following phiysical and chem-
ical properties: “API gravity of between 1 and 16; vis-
cosity at 122" F. of between 100,000 and 500 000 centi-
poise; viscosity at 210° F. of between 10,000 and 16,000
centipoise; asphaltene content of between 5 and
25%/w.; resin content of between 3 and 0% /wt.;
carbon content of between 78,2 and 85.39%/wi; hydro-
gen content of between 9.0 and 10.8%/wt; Oxygen
content of between 0.25 and 1.1%/wt.; nitrogen content
of between 0.5 and 0.7%2/wt.; sulfur content of between
10 and 4.5%/wt.; vanadium content of between 50 to
1000 ppm; nickel content of between 20 to 500 ppm;
iron content of between 5 to 100 ppm; sodium content
of between 10 to 500 ppm; and ash content of between
0.55 and 0.3%/wt.

7. A method according to claim 1 wherein said emul-
sifying additive is present in the (concentrated or
emulsion in an amount of between 0.1 to $%/wt, based
on the total weight of the (concentrated or final) emul-
sion.

8. A method zccarding to claim 1 wherein said phe-
nol-formaldehyde ethoxylated resin js present in an
amount of between 1 to 2%/wt. based on the total
weight of the-emulsifying additive.

9. A method according to claim 1 wherein said non-
ionic surfactant has a bydrophylic-Lipophylic balance of
greater than 13 and said phenol-formaldehyde ethoxyl-
ated resin has from 3 to 7 ethoxy units.

10. A method according to claim 1 wherein said mon-
ionic surfactant is selected from the group consisting of
ethoxylated alkyl phenol, ethoxylated alcohols, and
esiers of ethoxyleted sorbitans compounds.

1. A method according to claim 1, wherein the
water content of the final emulsion is between about
20%/wt. 1o about 309 /wt.

12. A method for the preparation of a low viscosity,
nonaging hydrocarbon in water emulsion from a vis-
cous hydrocerbon wherein aging of the emulsion over
time is substantially eliminatad comprising the steps of:
(a) forming a concentrated emulsion by:

(1) admixing said viscous hydrocarbon with an emul-

sifying additive comprising an anionic surfactany, a
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phenol-formaldehyde ethoxylated resin in an
amount of between 1 t0 5% /wt. based on the total
weight - of -the emulsifying additive and water
wherein a water content is less than or equal to
15%/wt;

(2) heating said mixture 10 a temperature of between
about i20° F. to about 200° F.; and

(3) stirring said heated mixture onder controlled con-
ditions 50 as to obtain & concentrated hydrocarbon
in watcr emubsion having an average oil droplet
stze of less than or equal to 4 microns;

(b} forming a final emulsion by:

(1) diluting said concentrated hydrocarbon in water
emulsion with water 30 as to obtain a water content
greater than the water content of the concentrated
emulsion and less than or equal to 309%/wt.;

(2) heating said diluted mixture to & temperature of
between about 140 o F to about 220 * F.; and

(3) stirring said heated mixture under controlled con-
ditions 50 as to obtain a final hydrocarbon in water
emulsion having an average oil droplet size of
greater than or equal to 15 microns wherein the
viscosity of the final cmulsion is less than or equal
to 1500 centipoisc at 1—! and B0* F.

13. A metbod according to claim 12 wherein said
phenol-formaldehyde cthoxylated resin is present in an
amount of between ] to 29/wt. based on the toal
weight of the emulsifying additive.

14. A method according to ¢lasim 12 wherein sai
anjonic surfactant is selected from the group consisting
of carboxylic acids snd sulphonic acids.

15. A method according to claim 14 wherein said
anjonic surfactant comprises ammonia dodecylbenzene-
sulphonate.

16. A method for the preparation of a low viscosity,
nonaging hydrocarbon in water emulsion from a vis-
cous hydrocarbon wherein aging of the emulsion over
time is substantially eliminated comprising the steps of:
{a) forming a concentrated emulsion by:

(1) admixing said viscous hydrocarbon with an emul-
sifying additive comprising an alky] phenol ethox-
ylated and a phenol-formaldehyde ethoxylated
resin and water wherein a water content is fess than
or equal to 15%/wt.;

(2) heating said mixture to a tepuperature of berween
about 120° F. to about 200" F.; and
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(3) stirring said heated mixture under controlled con-
ditions 50 a5 to obtain a conecentrated hydrocarbon
in water emulsion having an average oil droplet
size of less than or equal to 4 microns;

(b) forming a final emolsion by:

(1) diluting said concentrated hydrocarbon in water
emulsion with water $0 a3 to obtain & water content
greater than the water content of the concentrated
emulsion and less than or equal to 30%/wt;

(2) heating said dituted mixture to a temperature of
between about 140° F. 1o sbout 220° F.; and

{3) stirring said heated mixture under controlled con-
ditions so as to obtain a final bydrocarbon in water
emulsion baving an average oil droplet size of
greater than or equal to 15 microns wherein the
Visoosityoftheﬁnal:mulsionislessthnnoreqnal
10 1500 centipoise at 1 s—1 and BQ* F.

17. A method for the preparation of a Jow viscosity,

nonaging hydrocarbor in water emulsion from a vis-

#0 cous hydrocarbon wherein aging of the emulsion over
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time is substantially eliminated comprising the steps of:
(+) forming & concentrated emulsion by:

(1) admixing said viscous hydrocarbon with an emul-

sifying additive comprising an ammonia dodecyl-

phonate and 2 phenol-formaldehyde
ethoxylated resin and water whetein a water con-
tent is less than or equal to 15%/wt.;

(2) heating said mixture to & temperature of between
about 120° F. to about 200° F.; and

(3) stirring said heated mixture under controlied con-
ditions 50 a5 to obtain a concentrated hydrocarbon
in water emulsion having an average oil droplet
size of less than or equsl to 4 microns;

(b) forming & final emulsion by:

(1) diluting said concentrated hydrocarbon in water
emtision with water 50 Bs 1o obtain s water content
greater than the water content of the copcentrated
cmulsion and less than or squal to 30%/wt.;

(2) heating said diluted mixture to 2 tute of
between about 140° F. to about 220" F. and

(3) stirring said heated mixture under controlled con-
ditions 50 a8 to obtain a fina) hydrocarbon in water
ewulsion having an average oil droplet size of
greater than or equal to |5 microns wherein the
viscosity of the firal emulsion is fess than or equal
to 1500 centipoise at 1 s™* and 80" F.
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57 ABSTRACT

A method for forming a stable emulsion of a viscous
hydrocarbon in an aqueous buffer solution includes the sieps
of: providing a viscous hydrocarbon containing an inactive
natural surfactant and having a salt content by weight of less
than or equal to about 15 ppm and having a2 water content by
weight of less than or equal to about 0.1%; forming 2
solution of a buffer zdditive in an aqueous solution to
provide a basic aqueous buffer solution, the buffer addiive
being operative to cxtract and activale the inactive natura)
surfactant from the viscous hydrocarbon; and mixing the
viscous hydrocarbon with the aqueous buffer solution at a
rate sufficient to provide an emulsion of the viscous hydro-
carbon in the aqueous buffer solution, whereby the buffer
additive extracts the inactive namrel surfactant from the
viscous hydrocarbon into the aqueous buffer solution and
activates the inactive nawral surfactant so as 1o sisbilize the
emulsion, According to the invention, the buffer additive is
a water soluble amine, The inactive natursl surfaciant con-
tained in the viscous hydrocarben includes carboxylic acids,
phenals, esters, and mixtures thereof. Bimodal emulsions,
having two distinct droplet size distributions, are also
formed according to the methed of the preseat invention and
have improved viscosity characteristics.

1 Ciaim, No Drawings
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EMULSION OF VISCOUS HYDROCARBON
IN AQUEOUS BUFFER SOLUTION AND
METHOD FOR PREPARING SAME

This application is a continuation-in-part of U.S. patent
application Ser. No. 07/801,472, filed Dec. 2, 1991, now
U.S. Pat. No. 5,419,852,

BACKGROUND OF THE INVENTION

The invention relates to an emulsion of a viscous hydro-

carbon in an aqueous buffer solution for use as a combustible
fuel.

Low gravity viscous hydrocarbons arc found in large
supply in Canada, Russia, the United Siates, China and
Venezuela, and are normaily liquids with viscosilics mnging
from 10,000 cp to more than 500,000 cp at ambient tem-
peratures. These hydrocarhons are typically produced by
numerous methods including steamn injection, mechanical
pumping, minirtg techniques and combinations of thege
methods.

Once produced, such hydrocarbons are useful as combus-
tible fuel once they are desalted and dehydrated znd have
been wreated to remove other undesirable constituenis. As a
liquig fuel, however, these hydrocarbons are too viscous for
praciical use. Thus, such viscous hydrocarbons are formed
into hydrocarbon in water emulzions which have improved
viscosity and, accondingly, improved flow characleristics.
When formed with a high ratio of hydrocarbon material to
water, these emulsions are an excellent combustible fuel,
However, the emulsion is not stable and rapidly breaks if not
stabilized with surfactants or emulsifiers. Unfortunately,
commercial emulsifiers are expensive and the cost of the
emulsion is therefore increased. This added cost obviously
adveraely impacts the viability of using viscous hydsocar-
bons to form combustible fue] emulsions,

Viscous hydrocarbons arc known to paturally coniain
materials which are potential surfactants, It would of course
be desirable 10 gctivatc such materials so as to provide
natural surfactants to stabilize the smulsion without the
additional expense of commercial emutsifiers, thereby pro-
viding a more practical alternative for the use of viscous
hydrocarbons in forming combustible fuel emulsions. The
materials naturally contained in viscous hydrocarbans which
are potential surfactants include numerous carboxylic acids,
esters and phenols which, in basic pH environment, can be
activated as natural surfactants, Sodium hydroxide has been
used as an addilive 1o provide the proper pH. However,
sodivm hydroxide is unable 10 keep the pH of the agueous
phase constant 3o that the proper pH, the activated surfactant
and the emulsion itself are all short lived,

It ie desirable, accordingly, to provide an emulsion stabi-
lized with natural surfactanis which does not require the
addiion of commercial surfactants and which emulsion
resisis aging and is useful as 4 combustible liquid fuel.

Accordingly, it is the principal object of the present
invention to provide a combustible emulsion of a viscous
hydrocarbon in water which emulsion utilizes the natura!
surfactants of the hydrocarbon o provide stability.

It is a further object of the invention (o provide a method
for forming such 2 cornbustible cmulsion.

It is a still further object of the invention to provide such
an emulsion and method whereby the emulsion formed is a
bimodal emulsion having improved viscosity characteris-
Hes.

Other objects and advantages will appear hereinbetow.

BNSDOCID: «US___ 54005024t ) >
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SUMMARY OF THE DNVENTION

The foregoing objects and advantages are attained by the
disclosed emulsion and method for preparing same.

According to the invention, a stable emulsion of a viscous
hydrocarbon in an aguecus buffer solution is formed by a
method comprising the steps of providing a viscous hydro-
carbon containing an inactive nawura) surfactant and having
asalLcontent by weight of less than or equal 10 about 15 ppm
and a water content by weight of less than or equal 10 about
01.%; forming & solution of a huffer additive in an aquesus
solution to provide a basic agucous buffer solution, the
buffer additive being operative 10 extract and activaie the
inactive narural surfactant from the viscous hydrocarbon:
and mixing the viscous hydrocarbon with the aqueous buffer
solution st & rate sufficient to provide an emulsion of the
viscous hydrocarbon in the aquecus buffer solution,
whereby the buffer additive exiracts the inactive natral
surfactant from the viscous hydrocarbon into the aqusous
buffer solution and activates the inactive natural surfactant
50 as to stabilize the emulsion.

According to the invention, the buffer additive is prefer-
ably a water soluble arnine, and the inactive natural surfac-
tant {5 selected from the group comsisting of carboxylic
acids, phenols, esters, and mixtures thereof.

According 10 2 preferred embodiment of the invention, a
bimodal emmiision is formed by a method whercin the
mixing step includes a first mixing step wherein & first
emulsion is prepared having a large droplet size D, of
between about 10 to about 40 pro, and a sccond mixing siep
wherein 2 second emulsion is prepared having a small
dropict size Dy of less than or equal to about 5 pm, the
method further including the step of mixing the first emul-
sion with the sccond emulsion so as to form a bimodal
emulsion having a dispersed phase charecterized by two
draplet sizes comresponding to D, and Dy

DETAILED DESCRIPTION

The invention relates to an emulsion of a viscous hydro-
carbon in an aqueous buffer solution which emulsion is
useful as a combustible liquid fuel. The invention further
relates to a method for preparing such a combustible emul-
sion without the use of commercial emulsifier or surfactant
materiels.

The present invention relates specifically to an emulsion
and & method for forming an emulsion from a processed
viscous hydrocarbon to provide z steble emulsion of the
viscous hydrocarbon in an aqueous buffer solution without
requiring commercial surfactants for stability. The emulsion
so formed, referred to herein as the commercial emulsion
sold by Intevep, S. A, under the trademark QRIMUL-
SION™, is suitable for combustion as a liquid fuel and other
end uses such as wransportation to 3 refinery for further
processing.

Narurally occurring viscous hydrocarbon materials are
produced from deep wells through a number of mechamisms
such as steamn flooding, pumping, mining technigues and the
like. Such natural viscous hydrocarbons are typically char-
acterized, for example, by the following chemical and
physical properties: C wt. % of 78.2 10 85.5; H w1, % of 0.0
o 10.8; O wt. % of 0.2 to 1.3; N wt. % of (.50 10 0,70; S
Wi % of 2,00 ta 4.50; Ash wi % of 0.05 to 0.33; Vanadiym,
ppm of 50 o 1000; Nickel, ppm of 10 to 500; Iton, ppm of
5 to 100; Sodium, ppm of 10 w 500; Gravity, APl of 0 10
16.0; Viscosity (cSt), 122° F. of 100 to 5,100,000; Viscosity
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(cS1), 210° F. of 10 to 16,000; LHV (RTU/LB) of 15,000 to

19,000; and Asphaltenes, wt, % of 5.0 to 25.0.

These paturally ocowring viscous hydrocarbons are
accompanied during production by formation water in at
least small, and usually widely varying amounts, Although,
us shown above, the hydrocarbon generally bas a very high
viscosity, primary emulsions formed downhole of the hydro-
carbon in formation water can greatly reduce the viscosity so
as to allow the hydrocarbon to be produced and transponed
to treatment stations, wherc the emulsion is typically
degassed and desalted, and the primary emulsion is broken
to scparate away other undesirable constituents with the
formation water. Such processing typically yields a viscous
hydrocarbon having a salt contemt by weight of zbout 15
ppm or legs, preferably sbout 10 ppm or less, and a water
content by weight of about 0.1% or less, preferably 0%, The
processed viscous hydrocarbon so obtained is the preferable
slarting malerial for forming the emulsion of the present
invention and may, according to the present invention, be
teconstituted without commercial emulsifiers into an cmul-
sion such as the aforesaid QRIMULSION™ commercial
produci. US. Pal No. 4,795,478, incorporated herein by
refererice, contains a delailed descripion of 8 method for
processing naturally occurring viscous hydrocarbons to
obtain processed viscous hydrocarhon suitable for forming
ORIMULSION™, which processed viscous hydrocarbon is
suitsble starting material for the emulsion of the preseat
invention. A treated Cerro Negro bitumen, for example, may

suitably have the following physical and chemical proper-

ties:

CHARACTERISTICS OF

TYPICAL TREATED TERRO NEGRO BITUMEN
Water Content (% wiw) 0.2
Carbon (% pip) 0.5
Hydrogen (% pip) 11,48
Ash (% p/p) 0102
Salfur (% p/p} 378
Total Nitrogen (ppml) 8,376.00
Mugnesiom (ppm) 2192
Vansdium (ppm) 990
Fon {ppa) N 1
Nicke (ppe) 124.13
sodigm (ppm) 9.13
calelum (ppm) 88.19
Conradson (ppm) 1518
Carbon
Flash Poim (*F) 246,00
Melting Point (°F) 75.00
Heating Power (BTUb) 19,005.00
Rew
Heatng Power {BTU/Mb} 17,958.00
Net

The desired processed viscous hydrocarbon starting mate-
rial may suitably be obtaincd as follows. The viscous
hydrocarbon material is produced downhole, for example,
trough diluent injection of kerosene 5o as to provide a
hydrocarbon having an APT pravity of about 14 with ta
viscosity low encugh to allow the hydrocarbon to be
pumped to the surface to treatment stations for conventional
degassing, desalting and dehydration. The diluent is then
removed, for example in a distllation tower, and a depassed,
desalled and dehydrated viscous bydrocarbon results. This
resulting degassed, desalted and dehydrated viscous hydro-
carbon i then suitable for usc in preparing commercial
ORIMULSION™ products.

BNSDOCID: <US___ | 5480583A1_|_>
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According to the invention, & combustible emulsion of the
processed viscous hydrocarbon is formed in an aqueous
buffer sclution containing a buffer additive which extracts
and sctivates natural surfactamts from the viscous hydrocar-
bon 80 BS to stabilize the emulsion without requiring corn-
mercial surfactants,

Most patrally occurring viscous hydrocarbon material
contgins inactive surfactants including carboxylic scids,
phenols and esters which, under proper conditons, can be
activated as surfactants. It is known, for example, that these
surfactants can be activated for a short time with NaOH,
NzOH provides a basic solution in which the inactive natural
surfactants can be acrivated, but emulsions so formed are not
stable because the NaOH is rapidly depleted by other
constituents in the hydrocarbon.

According to the invention, a buffer additive is used
which provides a much broader and longer lasting window
during which the solution containing the additive has a basic
pH, preferably between about 11 to about 13, and therefore
yields a more stable emmulson, The buffer additive serves to
raise and baffer the pH of the continuous aqueous phase of
the emulsion. The buffer additive extracts and activates the
natwral gurfactants from the viscous hydrocarben, into the
aqueous buffer selution, thus stabilizing the viscous hydro-
carbon-in-equeous buffer solution eémulsion witkout the use
of costly commercial surfactants or emulsifiers.

According to the invention, the buffer additive is a water
soluble amine. Amines arc nitrogen compounds which may
be derived from ammonia by replacing one or more hydro-
gers with an elkyl group. Amines having a single alkyi
group such as, for example, jsapropylamine, are suitable for
providing stable emulsions, Amires with two or more alky}
groups, however, require the presence of a small amount of
an aikali metal, or an alkaline ¢arth metal, refesred to herein
as an alkali additive, preferably in the form of an alkali metal
salt or an alkaline earth metal salt, 1o activate the inactive
natural surfactants of the hydrocarbon. Such muitiple group
amines include, for example, ethylamine, diethylamine, tri-
cthylamine, propylamine, sec-propylamine, dipropytamine,
butilamine, sec-butilamine, tetramethylammonium hydrox-
ide, tetrepropylammonium hydroxide, and mixtures thereof,

Suitable alkali additive may include any alkali metal or
alkaline earth metal, and may preferably include sodium,
calcium andfor magnesium, which may be added in any
form, preferably in the form of a salt, such as, for cxample,
sodium chloride, potassium chloride, sodium nitrate, potas-
sium nitrate, calcium nitrate, magnesium nitrate, and mix-
tures thercol. Such salt are preferable because they are, for
the most part, readily and affordebly available.

The combustible eaulsion is formed by mixing the pro-
cessed viscous hydrocarbon with an aqueous solution of the
buffer additive with sufficient mixing energy 1o emulsify the
mixture and provide an emulsion of the viscous hydrocarbor:
discontinyous phase in the aqueous buffer solution continy-
ous phase having desired droplet size and viscosity.

The equeous buffer solution is & solution of the buffer
additive in water. The buffer additive is preferably added in
a concentration in the aqueous buffer solution of ai least
about 500 ppm in order to provide a basic aquecus buffer
solution, preferably having a pH of between abont 11 to
about 13. Concentrations of greater than 15,000 ppm are not
preferred becausc no apparent benefil is obtained for the
edditional cost of adding such additional concentrations of
buffer additive. Morte preferably, buffer edditive is sdded at
a concentration of between aboaut 500 ppm to about 10,000
PPM.
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When necessary, the alkali additive is added at a concen-
tratiom of between about 50 ppm to about 500 ppm, prefer-
ably between about 50 ppm to about 100 ppm.

When the viscous hydrocarbon and aqueous solution are
mixed, the natoral surfaciants are extracted from the viscous
bydrocarbon into the agqueous buffer solution and activated
by the buffer additive to provide natural and active surfac-
tants ip the aqueous buffer solution continuous phase of the
cmulsion. The aqueous buffer solution has a buffered pH
preferably in the range of about 11 to about 13, more
preferably between about 11.3 to abomt 11.8. The basic pH
of the rqueous boffer solution is provided by the buffer
additive and is eritical in providing a stable emulsion. The
buffering of the pH serves to prevent a breaking of the
emulsion due to changes in pH which may be caused by
purnping, handling, pressure and temperature surpes and
mixing. Further, the buffer additive of the present invention
provides the desired pH of the agueous buffer solution over
a broad range of concentration of the buffer additive in the
agueous bufler solution. Thus, changes in the concentration
of the buffer additive, which arc to be expected over time, do
not result in an aging and breaking of the emulsion.

The mixing step is carried out 50 as 1o supply sufficient
energy to the mixture to yield an emulsion having the
desired physical characteristics of the ORIMULSION™ end
product, especially droplel size and viscosity. In general,
smaller droplet sizes require more mixing energy, larger
concentration of emulsifier (natural surfactant and buffer
additive) or both. According to the invention, the emulsion
is mixed with sufficient mixing cnergy to yield an average
droplet size of 30 pm or less. Such an emulsion will have a
viscosity below ahout 1500 cp at 30° C. and 1 sec”. A
conventional mixer, for examnple, may suitably mix the
emulsion at a rate of at least about 500 rpm. The reduced
viscosity of the emulsion so formed ailows the use of the
viscous hydrocarbom as a source of useful combustible fuel
and is obtained without the added cost of commerciat
surfactants.

The ratio of hydrocarbon phase to aqueous phase has been
found to effect the viscosity of the emulsion, In addition, 2
high ratio of hydrocarbon phase to aquecus phase is desir-
ahle so as to provide a combustible emulsion suitable for
atomizing and combustion as a fue] without further treat-
ment. Thus, the ratio of hydrocarbon to agueocus bufer
solution, by weight, is preferably at least 50:50 and more
preferably is between about 75:25 1o about 95:5. Naturally,
formation of emulsions having high ratios of hydrocarbon to
aqueous buffer sclution will require larger concentrations of
the buffer additive within the specified range.

According to & preferred embodiment of the invention,
the combustible emulsion is prepared so as to provide two
distinct droplet populations in the dispersed phase of the
emuylsion. Such an emulsion, called a bimodal emulsion, has
still further improved viscosily characteristics and is pre-
pared according to the invendon without commereial sur-
faciants,

According to the invention, a bimodal £mulsion can be
formed by preparing an aqueous solution of the buffer
additive and providing a viscous hydrocarbon as ahove. Two
emuylsions are then formed, each having a different droplet
size. The first emulsion has a large average droplet size, D,,
which is preferably between about 10 pm to ahout 40 pm,
and more preferably between about 15 pm to ahout 30 pm.
‘The second emulsion is formed with & small average dropler
size, Dy, which is preferably less than or equal to about 5
#m, and more preferably less than or eqoal to about 2 pm.

54B0583A1 ) >
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The two emulsions are then mixed so as to form a stable
bimodal emulsion, as described above, with two distinet
droplet sizes, D, and Dy, in the dispersed phase.

It has been found that the viscosity of the bimodal
emulsion is controlted by the ratio of the weight of large
droplet size emulsion to the weight of small droplet size
emuision, as well as by the ratio of the average droplet size
D, of the large droplet size emulsion to the average droplet
size D of the small droplet gize emulsion.

Preferably, between about 70% to about 80% by weight of
the dispersed hydrocarbon phase will be in the large droplet
tize emulsion, and the ratio of D, to Dy is at least sbow 4
and more preferably is at leam about 10. These values can be
anipuiated during preparation of the emulsion by altering
the mixing energy used to form one or both emulsions so as
10 control the resulting droplet size, and also by selecting the
appropriate volumes aof each emulsion to be mixed.

Emulsions formed according wo the invention exhibit low
viscosity and good stability which greaily facilitates the use
of viscous hydrocarbons as the source of combustible liquid

fuel. Further, the emulsions are formed without using costly
commercial emulsifiery,

. The preparation of emulsions according to the invention
will be further illustrated in the following examples.

EXAMPLE |

A number of emulsions were prepared using HIPR tech-
niques as disclosed in U.S. Pat. No. 4,934,398, A Cerro
Negro natural bimmes from the Cerro Negro Ol Field in
Yenezuela was degassed, dehydrated and desalted to provide
a starting processed viscous hydrocarbon.

The emulsions were prepared in an aqueous buffer solu-
tion containing, as a buffer additive, a water soluble amine
additive marketed under the trademark INTAMINE™ by
Intevep, §. A.

Emulsions were prepared having ratios, by weight, of
hydrocarbon to agueous buffer solution of 94:6, 90:10,
835:15, and 8(:20, using buffer additive concenmations of
between 500 ppm to 10,000 ppm,

The mixing siep was carried our at 60° C. for mixing
limes which were controlled to yield emulsions having
average droplet sizes of 2, 4, 20 and 30 um.

These emulsions were then diluted to yield hydracarbon/
aqueous phase ratios of 70:30, 75:25, and 80:20.

All emulsions were stabilized without the use of com-
mercial surfactants, even those having droplet sizes of less
than 3 pm.,

EXAMPLE 2

Emulsions were prepared using a single group buffer
edditive, isopropylamine, at concentrations of 6000 ppm and
7000 ppm. The emulsions were mixed at & hydrocarbon/
agueous phase ratio of 94:6, at S00 rpm, Table I below
summarizes the average droplet sizes obtained at mixing
times of between 0.5 10 5.0 minutes,

TABLE }
DROPLET S1ZE DIAMETER (ticrons)
Buffer lon {ppm)}
Mixing tme {min) 6000 7000
03 74 37
l 24 i 1.5
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TABLE 1-contnued
DROFLET SIZE DIAMETER (microns}

Buffer Concentration (ppm)
Mixing time (min) 6000 7000
2 L5 1.3
4 1.4 1,2
5 1.3 1.2

As can be seen, droplet sizes well below 3 um were
obtained without the use of commercial surfactants.

EXAMPLE 3

Emulsions were prepared using several concentrations of
isopropylamioe as a buffer additive. Emulsions were pre-
pared under mixing a; 500 rpm for 2 minutes having a ratio
of hydrocarbon to agueous phase of $0:20 and having

average droplet size and viscosity as shown below in Table
2

TABLE 2
Buffer
Concentration Droplet Size Dinmessr Viscasity (20/Sec)
(ppm) {microna) (ep)
3000 1845 800
000 16.74 1145
7000 123 1285
EXAMPLE 4

5

10

20

L]

35

Emulsions were prepared using a two group amine 49

(diethylamine) at a concentration of 3000 ppm. An alkali
salt, NaCl, was aleo added to the agueous solution al a
concentration of 50 ppm. Emulsions having hydrocarbon/
aqueous phase ratios of 90:10, 85:15 and 80:20 were formed
at 500 rpm having droplet sizes as shown below in Table 3.

TABLE 3
RATIO: BITUMEN/AQUEDUS
BUFFER SOLUTION

Mixing Time K10 BS1S BO20
(Min) Average Dropiet Size Diameter (Micrans)

oS5 16.15 .14 .0

1 13.90 159 11

2 14,63 2469 2133

4 13.89 21.62 2219

10 11.00 13.86 18.4i

GAB0GE3A1_| >
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EXAMPLE §

Emulsions were prepared a1 a mixing mate of 500 rpm
using concentrations of 5000 ppm of diethylamine and 50
pptn NaCl, Table 4 shows the sverage droplet size otkained
for these emuisions.

TABLE 4
RATIO: BITUMEN/AQUEOUS
BUFFER SOLUTION
Mixing Time 96 90/10 BS15 p]
Min} Averags Dropiet Size Dismoeter (Microns}

05 1.36 5.69 11.84 23.50

1 6.B5 8.7 1L710 2144

2 6.16 Ly 1LOR 20,55
4 502 337 10.49 1899
10 3% 6.67 .05 13.68

EXAMPLE 6

Emulsions were preparcd at a mixing rate of $00 rpm
using concentrations of 7000 ppm of diethylamine and 50
ppm NaCl. Table 5 shows the average droplet size obtained.

TABLE 4
RATIO: BITUMEN/AQUEQUS
BUFFER SOLUTION

Mixing Tirme K46 S0r10 85115 §0r20
(Min) Average Droplet Size Dismeler (Microns)
0.5 5n 113 1008 1713

1 5.4 6.87 9.85 16,19

2 4.63 7.63 934 M

4 3.96 635 578 1368

10 208 5.59 .10 11.46

As shown, g1 concentrations of 7000 ppm, diethylamine
yiclds emulsions baving droplet size less than 3 jim without
using commercial emulsifiers.

The following Examples 7-11 illustrate prepsration of
bimodal emulsions, according to the invention, witbout the
use of comunercial emulsifiers,

EXAMPLE 7

Emulsions were prepared using HIPR techniques as
shown in 11.S. Pat, No. 4,934,398 and using Cerro Negro
matural bitumen from the Cemro Negro Qil Field in Venezu-
cla. The emolsions were made as shown in Table 6 using an
aqueous buffer solution of 1 water soluble amine, marketed
under the trademark INTAMINE™, by Intevep, S. A, at
concentrations of between 500 ppm and 10,000 ppm. The
mixture was heated to 60° C. and stirred, changing the
mixing speed and mixing time so as w obtain emulsions
having average droplet sizes as indicated below in ‘Table 6.

All emulsions werc stabilized without the use of com-
mercial surfactants or emulsifiers.

83
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TABLE 6
VISCOSITY (ep)

.. . BITUMEN/'WATER  DROPLET DIAMETER AT 1 sec™

EMULSION {by weight) MICRONS AND 30° C
1 70030 21 16,000
2 7030 a3 11,000
3 7030 207 3,000
4 2010 2048 2,500
5 %8 2.1 52,000
¢ 7572 43 30000
7 75028 2047 9,500
8 3 298 6,000
9 8620 2.1 100,000
10 80120 4.3 38,000
" 2020 207 17,000
12 M20 Y 8,500

Emulsions 2 and 3, those having a hydrocarbon;water
vatio of 70:30 and average droplet size distributions, respec-
tively, of 4.3 and 20,7 microns, werc mixed together in
different proportions and the viscosities of the resultant
bimodal emulsions were measured, The results are shown in
Table 7 below.

Table 8 shows the relationship between viscosity of a
bimodal emulsion and the effect of the ratio of large mean
droplet size 1o small mean droplet size (D,/Dy) for emul-
sions with a ratic of hydrocarbon:water of 70:30% by
weight. It can be seen that the bimodal emulsion viscosity
increases when Ihere is an increse in the fraction having

TABLE 7
% BY WEIGHT % BY WEIGHT
EMULSION W/MEAN EMULSION W/MEAN VISCOSITY {cp)
DROPLET SIZE OF DROPLET SIZE OF AT 1 azg!
EMULSION 43 MICRONS 20.7 MICRONS AND 30" C,
A 1] 0 11000
B YA sl 5,000
o 50 50 400
D 5 5 90
E 0 100 3,000

Table 7 shows that a relationship exists between the
viscosity of the emulsion and the fraction of the hydrocarbon
phase in the large droplet size emulsion (20.7 microns) and
smal droplet size emulsion (4.3 microns). In otder to obtain
the lowest viscosity value both droplet fractions must be
clearly defined as two identiflable and distinct droplet sizes,
Opimutn viscosity is obtained at a ratio of large droplet size
emulsion (o small droplet size emulsion of about 75:25 by
weight

EXAMPLE 8

Bimodal emulsions containing 75% by weight of a large
droplet size emulsion D, and 25% by weight of a small
droplet size emulsion D, in a total hydrocarbon to water
ratio in the final emulsion product of 70:30 were mede from
the emulsions of Teble 6 g8 shown in Table § below.

45

small mean diameter droplet size. However, all the viscosity
values reported for emulsions F, G and H are far below the
viscosity of monomodal emuisions having 70% by weight
hydrocarbon as the dispersed phase. (See Table 6)

EXAMPLE 9

With Emulsions as prepared in Example 7 and baving
characteristics as shown in Teble 6, bimodsal emulsions
containiog 75% by weight of a large dropiet size emulsion
D, and 25% by weight of a small droplet size emulsion D .
in a total hydrocarbon to water ratio in the final emulsion
product of 75:25 were produced 23 shown in Table 9.

TABLE §
MEAN DROPLET RATIO:  RATIO BY
SIZE DROPLET  WT.OF VISCOSITY (cp)
Dy Dy, SIZE EMUL. D,/ AT 1 ™
EMULSION MICRONS MICRONS  pun, EMUL. Dy AND 30° C.
F 21 293 14 7515 L]
G 43 108 7 98028 %0
H 43 07 48 g7 128

. GAB0BA3AI1__»
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TABLE 9
MEAN DROPLET RATIO:  RATIO BY
SRE DROPLET  WT.OF  VISCOSITY (cp)
Dy Dy - SIZE EMUL, D, / AT 1 e
EMULSION MICRONS MICRONS DD, EMUL. Dy AND 30 C.
1 21 207 10 75025 180
J 43 2.7 4.8 75025 600
K 21 %8 ! 75125 150
L 43 298 69 75025 300
Table 9 shows the relationship between viscosity and the EXAMPLE 11

1etio of large mean droplet size to small mean droplet size
(D,/Dg) for bimodal emulsions with an hydrocarbon to
waler ratio of 75:25 by weight.

It can be seen that a viscosity below 1500 cp at 1 sec™ and
30° C. can be obtained when the ratio of larpe mean droplet
size to small mean droplet size (D,/Dy) is greater than or
equal v 4,

EXAMPLE 10
With emulsions as prepared in Example 7 and having

15

With the emulsions prepgred in Example 7 and having
characteristics as shown in Table 6, further bimodal emul-
sions werc preparcd having different ratlos by weight of

» emulsion having large mean droplet size Dy 10 emulsion

having small mean droplet size D; as shown in Table 11.

characteristics as shown in Table 6, further bimodal emul. =
sions having different ratios of (D/Dy) and containing 75%
by weight of a large droplet size emulsion b, and 25% by
weight of a small droplet size emulsion D; in a total
hydrocarbon to water ratlo in the final emulsion product of
80:20 werc prepared as shown in Table 10.
TABLE 10
MEAN DROPLET RATIO:  RATIO BY
SIZE DROFLET WT. OF VISCOSITY icp)
Dy Dy SIZE EMUL. B/ AT 1 ket
EMULSION MICRONS MICRONS DD, EMUL., D, AND 3" C.
M 21 207 10 7525 1,100
N 43 w07 48 158 14,000
o, 21 9 14 7428 450
P 43 98 ? 75125 7,500
Table 10 shows the relationship between viscosity and the a5
ratio of large mean dropletsize to small mean droplet size
(D/Dy) for bimodal emulsions with a hydrocarbon; water
ratio of 80:20 by weight. It can be seen that with a bimoedal
emulsion having a ratio of hydrocarbon:water of 80:20, in
other wards 80% dispersed hydrocarbon phasc, it is neces-
TABLE 11
MEAN DROPLET RATIO: RATIO BY
SIZE DROFLET  WL.OF  VISCOSITY (cp)
Dg Dy SIZE EMUL. D,/ AT | sec™!
EMULSION  MICRONS MICRONS D, /D, EMUL. D, AND 30* C,
Q 21 BE 14 80720 §00
R ) p: T 14 7525 450
s 21 9.8 14 30 800
T 21 298 14 68735 1,500

sery that the ratio of large mean droplet size to smal) mean
droplet size (D,/Dy) should be greater than or equal to about

10in order to obtain a viscosity below 1500 ¢p at 1 sec™! and
30° C.
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Table 11 shows the relaionship between viscosity and
proportion by weight of small mean droplet size 1o large
mean droplet size (D,/D;) for bimodal emulsions with an
hydrocarbon to water ratio of 80:20 by weight. It can be seen
that the viscosity of a bimodal emulsion having & ratio of

hydrocarbon: water of 80:20 can be modifisd by changing

the proportion of hydrocarbon by weight in the small mean
droplet and large mean droplet size emulsions. When the
amount of hydrocarbon in the emulsion having small mean
droplet size is increased, the viscosity first decreases and
then increases.

Thus, according to the invention, combustible emulsions
are prepared from viscous hydrocarbons and stabilized with-
out the use of commercial surfactants. The emuisions so
prepared exhibit excellent viscosity characteristics which
are cven further improved by formulating bimodal emul-
sions, The provision of low viscosity combustible emulsion
without the added cost of commercial surfactants, provides
an excellent use of viscous hydrocarbons as a source of
combustible material,

This invention may be embodied in other forms or carried
out in other ways without departing from the spirit or
essential characteristics thereof. The present embodiment is
therefore to be considered as in all respects itusirative and
not restrictive, the scope of the invention being indicated by
the appended claims, and all changes which come within the
meaning and range of equivalency are intended to be

BNSDOGID: «US__ . S480583A1_|_>
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embraced therein,

What is claimed is:

1. A viscous hydrocarbon-in-aqueous buffer solution

emulsion, comprizing:

A viscous hydrocarbon discontinuous phese having a salt
content by weight of less than or equal to about 15 ppm
and having a water cootent of less than or equal to
about 0.1%, said discontinuous oil phase comprises a
viscous hydrocarbon having an API gravity of S 15 and
a viscosity a1 1 sec™ and 30° C. of >5000 cps and being
chamacterized by two distinet oil droplet sizes D, and
Dy wherein D, is about 10-40 pm and Dy is £5 pm, the
ratio of D, M is 2 about 4 and about 72-80% by wt.
of the viscous hydrocarhon has & large droplet size D, ;

and

& basic aqueeus buffer solution continuous phase contain.
ing & buffer additive and a nawral surfactant, the natural
surfactant being an inactive surfactant nawrally con-
tained in the viscous hydrocarbon which inactive sur-
factant ig extracted and activated by the buffer additive

50 as o stgbilize the viscous hydrocarbon-in-agueous

buffer solution emulsion wherein the inactive natural

surfactant is selected from the group consisting of
carboxylic acids, phenols, esters and mixtures thereof.
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Be it known that we, IsSAAC WANTLING and
JAMES T. JOHNBON, citizens of the United
States, residing at Peorin, in the county of Pe-
oria and State of Illinois, have invented cer-
tain new and usefnl Imprevements in Coal-
Cutting Machines; and we do hereby declave
that the following is & full, clear, and exact
description of the invention, which will an-
able others skilled in the art to which 1t apper-
tnins to make and use the same.

Onr invention relates to certain new and
useful improvements in coal - cotting ma-
chines, by means of which a machine is pro-
vided baf;g sirople in construction, darable,

and effective in operation, for the purposes

designed.
More particularly our invention relates to

-that class of cutting-machines provided with

rotary entting-wheels having cotting-tools
adjnsted thereon, tho said wheels being de-
signed to Le rotated very rapidly.

Our invention consists, essentially, of the
adjustment and formation of two wheels
adapted to be rotated in opposite directions,
and provided with suitable gear formation
within the said wheels,and suitable gear con-
pection for operating the said wheels in op-
posite directions, and with the said wheels
provided with suitable colting-tools, all of
which matters of form and detall structure
will be explained mora fully hereinaftor.

That our invention may be more fully un-
dorstood, reference is had to the accompany-
ing drawings, in which— .

l%‘igm-e 1 is & plan view of our invention,
slfowing the same connected with a monnted
power. Fig. 2 is a side view thereof in sec-
tion, showing the game mounted connection
with thepower for operation of the same. TFig.
3 is o detailed view of a frame struoture de-
signed to becarried between the wheels. Fig.
4 is n detailed view showing the manner of
conpection between sectiona of tubing or
pipe. Fig. 5 is a detailed view showing the
adjustinent of a ontting-tool within the pe-
riphery of the wheels in the fgures.

A iz ntobe cored out to provide for the
carrying of the shaft A’, the said tobe A be-
ing formed at its forward end into the loop

or frame-work B,as shown in Fig.3, provided
at its central portion with the perpendicular
frame-plece I, and upon the central portion
of the frame-piece F is adjusted the clamp or
box I, purposed to carry the axle D, the said
arle being secured firmly within the box so
as to be rigid that it may not turp.

C C' are wheels journaled upon the axle

D, the axles being so turned as to provide for
the adjustment of the wheels C ' obliquely
with reference to the tube A and at an angle
with sach other, the frame-work or periphery
B being formed to completely fiil the space
betiween the said wheels and to conform with
and be in perfect alignment with the periph-
eries of the sald whesls. The wheels GO are
provided with the internal spur gear-wheels
E E’, the same being cut from ont ihe solid
whaeel, therefore being integral therewith and
with the apex of the respective miter gear-
whagls, bearing inward to the inner edgea of
the raspective wheels G C”.
" K K K X are cutting-tools set in or fixed
upon the surfacos of the respective wheels C
C’ and formed to bear forward in the diree-
tion of rotation of the respective wheels,
they therefore belng adjusted at opposites
w]llth ;)ne another—that is, upon the different
wheels.

LLLL Y I/, &e., are cutting-tools set in’

the outer faces of the wheels C ' and de-
signed to be curved ontward and bearslightly
above the cutting-tools K K, &c., for the pur-
pose of cutting and trimming the surfaces of
the bedy being cut. 'The shaft A’, journaled
within the tube A, bearing forward, is se-
cured at its extreme forward end in the socket
H by means of a small pin heing carried
through and bearieg within a groove cut in
the circnmference of 1he said shalt at its for-
ward extremity, thus enabling it to torn
freely within the said soeket H, but prevent-
ing it from Deing withdrawn therefrom by
means of the pin and groove. Upon theshaft
A’ is carried the wmiter gear-wheel G and aso
adjustod as to mesh with the respective mi-
ter goar-wheels B E’, and is keysd secunrely
upon the shaft in sucl position.

The tube A is mmade in section sonnected
by menns of the rims IT’, being bolted to-
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gother to accommodate the adjustment of the

. cutting-wheels in & vertieal or horizontal po-
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sition, ay desired, and to facilitate this ad-
Justiment the slots J J are provided in therim
I, through which the bolts bewr, which pro-
vides for a ready turoing of the tube without
a complete detachment of the bolts; but the
saclions may boe clunped or secured in sny
suitable manner, and any expedicnt may bo
ndopted to facilitate ndfust.ment at the ex-
‘iremity of the tube A. Thera is shown in the
drawings a connection with a carringe upon
which is mounted a motor designed to show
the application of power to provide for the
operation of the device.

The catriage consists, essentially, of the
frame-work M, mounted upon the wheels T'T
and provided with the forward brace N and
also the hand-holds U, V being the axle pro-
vided for the wheel. O represents the motor
bearing npon its shaft the spur-wheel P,
which meshes with the intermediate spur-
wheel Q, which in turn meshes with ihe spur-
wheel R, the same being keyed upon the
shaft A’, thus completing the connection be-
tween the device and the operating mpeans,
it being supposed, of course, that the motor
has the proper connection with the dynamo,
that hassufficient capacity to operate the ma-
chine.

The outting-wheels are adjusted obliguely
with the shaft to provide width at base of
cutting-head thus formed for insertion of pin-
lon G, and narrows at the forward part to
bring the cutting-tools nearer together to cut
out the middle. The cutting-tools L L' are
provided and bent ontward from the faces of
the cutting-wheels, so that as the cutting-
Lead bears forward in the body of coal they
will clear the sides, entting it away gradanlly
a8 it movas forward, B

In operation as in ¢oal-mining, the ad just-
ment of the varlous parts being made as
herein showa or in such nther adjustments as
to bear out the principle lerein involved,
power being applied through and by means
of n rootor, an engine, or uny power desired
to be nsed. The shaft A’ is caused to be ro-
tated, in which rotation a corresponding ro-
tary motion is conveyed to the miter gear-
wheel 3. -The same, weshing with the miter
genr-vheels E H', conveys a rotary motion to
the sald miter gear-wheels and to the whesls
C C’, said wheels rotating in opposite direc-
tion and belng rapidly rotated and being pro-
vided with the cntting-tools, as shown, and
borne forward against a body derigned to be
penetrated—as, for instanoce, a body of coal—
the coal will be quickly cut away, and it can
be run into the body of coal a considarable
distance. In the adjnstment here shown a
parpendicular eut will be made, it being do-
signed to be barne forward by pressure, which
may bo applied from the hand-holds U U, and
the frame-work i3 so adjnsted upon the nxle

475,888

V that the wachine may be tilted npward or
downward, as desired, it being Gesigned in op-
eration that a long perpendicularcut bemade
by the playing up and down within a long
cut, thus cutting it out gradually, A hori-
zontal ant may be made Ly meraly adjnsting
the ecutting device or the wheels at right an-
gles with the position hers shown, the op-
eration and mode of applying power beiog
identical with that herein shown. ‘ .
The advantages possessed by the use of this
device are numercus. Chief among them is
its simple adaptation for the purpose .de-
signed and the adaptability of the device to

-recommodate itself to any degree or kingd of

power that may be desired to Le used. In
the operntion of coal-mining the opposite ro-
tation of the wheels equalizes the draft and
rednces it to the minimum, thns gaining a
great advauntnge over catting-wheols rotated
in the same direction, which are always ac-
companied with au immense draft, which
binders greatly the successful operation of
such machines. )

The varions parts of the device hLorein
shown may be varied in form or adjustment
to suit the application in which they may be
desired to be used, retaining always the prio-
giple berein involved.

Having thus fully described ourinvention,
what weclaim, and desire to securs by Letters
Patent, is—

1. The combination, in a ¢oal-mining ma-
chine, of the eutling-wheels C C', provided
with the cutting-tools K K, L L, I’ L, &oc.,
upon their outer surfaces and with the in-
ternal miter gear-whaels E E’ and journaled
upon the axle D, with the miter gear-wheel
G, meshing with the miter gear-wheels E E’
and carried upon the shaft A%, the frame-work
B, provided with the perpendicular frame-
plece F, which supports the axle D by means
of the box I’ and the end of the shaft A’ by
means of the socket I, the tnbe A, which in-
closes and provides a journal-bearing for the
shaft A", and the rims I I, which unite the gec-
tlons of the two, all connected with any snit-
able power, all snbstantially as described and
get forth. :

£. The combinntion, iu a coal-cutting ma-
chine, of the obliquely-adjusted outting-
wheels C C', provided with the cutting-tools
K L and the internal gear or cogs E B, with
the frame-work B, having the sxtension-tube
A integral therewith, nnd the shaft A’, jour-
naled in the eross-piece F of the frame-work
Band in the tabo A, rnd having keyed thereon
the pinion-wheel @, adjusted to mesh with the
gear-cogs E E on the catling-wheels C C’ to
rotate them in opposite directions, rll sub-
stantially as desoribed and set forth.

8. In & coal-cutting machine, the combina-
tion, with the shaft D, carried in the cross.
Piece F and angled at its extremitios, of the
catting-wheela C C’ to give the wedge shape

-
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to the entling-head by the ﬁheah being car-| Intestimony whereof weaffix oursignatures
riad upon the angles of the shaft, the pinion

in presence of two witnesges.
G, earried upon the shaft A’ and meshing -ISAAC WANTLING.
with the cogs of the gear E E’ to rotate the “JAMES T. JOHNSOXN.
5 wheels in opposite directions, and the frame-

- Witnesses:
work B, provided with the tube-extension A, JosiE TEFFT,
all snbstantially as described and set forth, | - R. N. McCorMICE.
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Correction in _Lettérs Patent No. 475,833.

It is hereby oertified that in Letters Patent No. 475,833, grinted May 81, 1892, upon .
the application of Isaac Wantling and James T. Johnson, of Peoria, Lllinois, for an
improvement in # Coal-Gutﬁﬁg Machines,” an error appears in the printed specification
requiring correction, 88 follows: In lines 1-2, page 3, the words “work B, provided
with the tnube extension A, all substantinlly as deseribed and set forth,” shounid be

-stricken out and inserted after line 7 a8 now nnmbered, same page; and that the-
- Letters Patent should be read with thig correction therein that the same may conform

to the record of the case in the Patent Office. ]
Bigned, countersigned, and sealed this Ldth day of June, A. D, 1892,
[sEAL.] CYRUB BUSSEY,

. ' Asxistant Seoretary of the Interior.
Oountersigned: . .

W. E. SmMonps,
Commissioner-of Patents.
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5 . ABSTRACT

An HIPR (high internal phase ratlo) emulsion of ofl in water
is prepared by directly mixing 70 to 98% by volume of a
viseots o} having a viscosity in the range 200 tw 250,000
mPa.s at the mixing terperaturs with 30 to 2% by volume
of an agueous solution of an cmulsifying surfactant or ap
alkali, pereentages being expressed as percentages by vol-
ume of the total mixture, Mixing is effected under low shear
conditions in the range 10 to 1,000 reciprocal seconds in
such manner that an emnlsion is formed comprising highly
distorted oll droplets having mesn droplet diameters in the
range 2 to 50 roforon scparated by thin interfacial films, The
emulsions are much Jess viscous than the ofls from which
they are preparcd and may, optionally after dilution, be
purnped through a pipeline.

11 Claims, 4 Drawing Sheets
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PREPARATION OF HIPR EMULSIONS

RELATED APPLICATIONS

The instant application is a continuation of U.S. pateni
application Ser, No. 08/044.913 filed Ag. 8, 1993 and now
abandoned, which application s & continustion of U.S.
patent application Ser. No. 07/500,135 filed Mar 28, 1990
and now abandoned, and a division of U.S. patent applica-
tion Ser. No. 07/201,271 filed Jun. 2, 1088, now U.S. Pat.
No. 4,934398, which Is a continuation of U.S. patemt
application Ser. No. 06/919,601 filed Oct. 14, 1986 and now
abandoned, which is a contionation of US. patent applica-
ton Ser. No. 06/700,814 filed Jap. 25, 1985, now sbap-
doned.

BACKGROUND OF THE INVENTION

This inveption relates to 2 method for the preparation of
emulsions of oil in water and more particularly the prepa-
ration of high internal phase ratio (HIPR) emulsions of
viscous oils in water.

Many crude oils are viscous when produced and are thus
difficult, it not impossible, to transpot by nommal methods
from their production location to a refinery.

Several methods have been suggerted for the transporta-
tion of such crudes by pipeline. These incinde (1) heating the
aude apd insulating the plpeline, (2) adding a non-
recoverable solvent, (3) adding a recoverable solveat, (4)
adding a lighter aude oll, (5) forming an annulus of water
sround the crude and (6) emnlsifying the crude in water.

Methods (1)-(4) can be expensive in texms of addad
componetts and capital cxpendinme and method (5) is
technically difficult to achieve.

Method (6) whilst superficially attractive preseats special
difficultics, The dispersion of a highly viscous oil in &
medium of much lower viscosity is an unfaverable process
oo hydrodynamic grounds. This problem is further compli-
cated by the ecorcinic requirement to ragspart emulsions
containing relatively high ofl phase volumes without sacri-
ficing emulsion fuidity. Mechanical ditpersing can lead to
the formation of polydisperse or multiple emulsions, both of
which arc less snitable for transportation.

In the casc of a system comprising dispersed spheres of
equal size, the maximum intcrnal phase volume occupied by
2 hexagonally closc-packed arrangement is ca 74%. In
practice, however, emnlsions arc rarely tonodisperse and it
is therefore possible to increase the packing density without
cauting sppreciable droplet distortion. Attempts to increase
further the internal phase volume results in greater droplet
deformation and, because of the larger interfacial aren
created, instability arises; this culminates in cither phase
inversion or emulsion breaking. Under exceptional
circumstances, it is possible to create dispersions containing
as high a5 98% disperse phase volume without inversion or
breaking.

Hmulsified systems containing 70% internal phase are
kmown as HIFR emulsions. HIPR oil-in-water emulsions are
cormally prepared by dispersing increased amonnts of ofl
into the contitucus phase until the internal phase volume
exceeds 70%. Clzardy, for very high internal phase volumes,
the systems cannot contain discrete sphevical ofl droplets;
sather, they will consist of highly distorted ol droplets,
scparated by thin interfacial aqueous films,

A useful state-of-the-att review of HIPR emulsion tech-
nology is given in Canadian Patent No. 1,132,908.

Britdsh Patent Specification No. 1,283,462 discloses a
method for producing an oil-in-water cmulsion comprising

SO41433A1_1_»
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beating up a mixtare of the oil and water together with
emulsifying agent in a vessel baving a bottom exit 1o
disperse the oil In droplets of an average size of not more
than 10 microns in diameter throuphout the water to form a
concentrated emalsion, continuously withdrawing concen-
trated emulsion from the bottom cxit of the vessel while
simnltanecusly introducing components of the mixture into
the top of the vessel to form further concentrated smulsion,

The cils are synthetic polymers or thickered apimal or
vegetable oils.

The zction of the beater resuits in particle sizes in the
dispersed phase of not more than 10 microns in diameter,
usually from about 0.5 to 2 microns in diameter. The
concentration of surfactant used is relatively high, 4-10% by
weight of the total composition.

This results in conceotrated, thick, extremely stable emnl-
sions which have thixotropic praperties and are ugeful as
vehicles for paints or other coatings,

While U.S. Pat. No. 1,283,462 disclases that the concen-
trated ¢milsions are discharged through a shart conduit from
the emulsifying vessel to a tank in which they are further
diluted, the concentrated cmuisions are net suitable, nor arc
they intended, for transportation over long distances through
relatively large dismeter pipelines such as these used for the
transportation of crude oil

Furthermore, because of their extreme stability these
emulsions cannot be, and are not intended to be, readily
broken. Thus, they are unsuitable for applications where jt is
desired cventually to resalve the emulsions into thelr con-
stituent parts, such as the treatinent of crude oil where water

must be removed before faactionation in an cil refinery
distillation unit.

SUMMARY OF THE INVENTION

We have now discovered a method for the preparation of
HIPR emulsions of viscous ofls in water in which emulsions
are dircctly preparcd from a feedstock indtially containing a
high volume ratio of ofl to water using low cnergy mixing,
Some emulsions zre readily pumpable through a pipeline,
others are so after dilution. The cmulsions or diioted emul-
sions arc of high but not excessive stability. By bigh but not
excessive stability we mean that they are stabie following
preparation, during transportation and on standing, and can
reaist various conditions encountered during pipeline flow
such as temperature flucmations and mechamical shearing.
However, they can be broken when desired by using an
appropriate treatment, for example treatment with an alcohol
ar a salt

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a photomicrograph of a typical HIFR (90%)
emulsion stabilized with a 2.5% solution of surfactant No.
10 of Table 2.

FIG. 2 shows the droplet size distribution of HIPR. cmul-
sion prepared in accordance with the method of the preseat
invention having a narrow band on monodispersity.

FIGS. 32 and 3b are photomicrographs of further HIPR,
cmulsions,

DETAILED DESCRIPTION

According to the prescnt luvention there is provided 2
method for the preparation of an HIPR emulsior of oil in
water which method comprises directly mixing 70 to 98%,
prefexably 80 to 90%, by velume of & viscous oil having a
viscosity in the range 200 to 250,000 mPa.s at the mixing
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terapezature with 30 10 2%, preferably 20to 10%, by volume
of an aqueons solution of an emulsifying surfactant or an
alknli, percentages being expressed as porcentages by vol-
ume of the total mixture; mixing being effected under low
shear conditions in the range 10 to 1,000, preforably 50 w
250 reciprocal seconds in such manner that an emuision s
formed comprising highty distorted ofl droplets having mean
droplet diameters in the range 2 to 50 microns separated by
thin interfacial films.

It is a simple matter to determine by routine tests whether
any given surfactant is an emulsifying surfactant within the
context of the present iovention.

Emulsifying surfactants may be non-ionic. ethoxylated
Ionic anionic or cationic, but are preferably non-ionic.

Suitable non-ionic swfactants are those whose molecules
contain both hydrocarbyl, hydrophobic groups (which may
be substinsted) baving a chain length in the range 8 to 18
carbon atoms, and ope or more polyoxyethylene groups
containing 9 to 100 ethylene oxide units in total, the hydro-
philic group or groups containing 30 or more cthylene oxide
units when the bydrophobic group has a chain length of 15
carbon atoms or greater.

Prefered non-ionic surfactants include ethoxylated alkyl
phenols, cthoxylated secondery alechols, ethoxylated
amines and cthoxylated sorbitan esters.

Non-ionic surfactants are suitably employed in amoupt
0.5 to 5% by weight, expressed as a percentage by weight of
thc agueous solution,

Insofar &s non-ionic and ethoxylated ionic surfactants are
concemed. the salinity of the aquecus phase is not mategal
and fresh water, saline water (z.g. sea water) ot highty saline
water (c.g. petroleum reservoir connate wiater) may equally
be employed.

Suitable catlonic surfactants include quatermary ammo-
niut compounds and p-alky) diamines and triamines in
actdic form,

They arc suitably employed in amonpt 0.5 to 5% by
weight, expressed as sbove,

Suitable anionic surfactants include alkyl, aryl and alkyl
aryl sulphonates and phosphates,

They are suitably employed in amount 0.5 to 5% by
weight. expressed as above,

When alknli {s employed, it is believed that this reacts
with compounds present in the ail to produce surfactants in
sitn,

Alkali is suitable employed in amount 0.01 to 0.5% by
weight, expressed as above,

Torfc surfactants are more sensitive to the salinjty of the
aquecus phase, particularly to divalent and trivalent jous
found in connate water, and fresh water should be used in
conrection with thess materials,

To overcome this problem and improve sait tolerance,
hydrophilic polymers may be added in addition to the
surfactant or alkali Suitable polymers includs polyvinyl
alcohol, polyethylene oxide, polyvinyl pymolidone and
polysaccharide biopolymers.

When used with a surfactant thess polymers may reduce
the quantity of non-jonic surfactant required and/or improve
the performance of ionic surfactants.

The quantity of polymer employed is preferably in the
range 0.25 to 5% by weight of the aqueots solution.

Within the viscosity range 200-2,000 yiPa.s, it has been
fourd possible to prepare oil in water emulsions by other
means. For a given mixer. towards the lower Limit of this

BE41433A1_|_»
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range almost identical droplet size distributions and mean
droplet sizes are obtained from the present and convertional
methods. On the other hand, as the upper limit of this range
is approached, a deterioration in quality of conventionally
produced cmulsions occurs. indicated by an increase in
racan droplet diameter and distribution broadening, suggest-
ing that the method according to the present invention is
superior,

For oll phase viscosities greater than 2,000 raPa.s up 1o
the limits of dispersibility, say 250.000 mPa.s. we believe
that only the present method is suitable.

HIPR emulsions of highly viscous oils in water are
frequently as much as three to four orders of magnitude less
visoous than the oil itself and consequently are much easier
to pump thyough a pipeline and require considerably less
coergy to do so, Usually the droplet size distribution will be
in a narow range, j.¢., the emulsions have a high degree of
monodispersity. As shown in FIG. 2, preferably at jeast 80%,
ideally at Jeast 90%. of the oll droplets have a mean droplet
diarpeter of less than 10 microns, Ideally at least 80% of the
oil droplets have a mean droplet diameter of betwee: 5 to 10
microns.

Fer 4 given mixer, the droplet size can be controlled by
varying any or all of the three main parameters: mixing
intensity, mixing time and surfactant conceatration. Increas-
ing any or a1l of these will decrease the droplet size,

Temperature is not significant except insofar as it affects
the viscosity of the oil

The ofl and water may be mixed under conditions known
to be suitable for mixing viscous fluids, sec HF Irving and
RL Saxton, Mixing Theary and Practice (Eds. VW Ul and
JB Gruy), Vol. 1, Chapter 8, Academic Press, 1966. Static
mixers are also snitable.,

A particularly suitable mixer is a vessel having Totating
amms. Suitably the speed of rotation is in the range 500 to
1,200 rpm. Below 500 rpm mixing is relatively ineffective
andfor cxcessive mixing times are required.

Sultable mixing times are in the range 5 seconds to 10
minutes. Similar remarks to those made above o respect of
the speed range also apply to the titne range.

The HIPR emulsions as prepared are stable and can be
diluted with aqueons surfactant solution, fresh water or
saline water to produce emmlsions of lower oil phase voliume
showing high deprees of monodispersity. The emulsions
may be diluted to a required viscosity without adversely
affecting stability. Because the narrow size distribytion and
droplet size arc maintained upon dilution the resvlting
emulsion shows little tendency to areaming. This in turn
reduces the risk of phase separation occurring.

The emulsions. particularty when diluted, are suitable for
trangpartation through a pipeline and represent an elegant
solution to the probiem of transporting viscous oils,

Thus according to a further aspect of the present invention
thare is provided a method for the ransportztion of u viscons
oll which method comprises the steps of {2) preparing an
HIPR emulsion of the oll-in-water typc by a method as
herciobefore described, (b) optionally diluting the HIPR
emulsion with an aqueous phase to a desired viscosity and/ar
concentration, and (c) pumping the HIPR emulsion or the
diluted emulsion through a pipeline,

The stability of the emulsions reduces the risk of phase
5cparation occurring in the pipeline which would result ig a
higher pressure drop and a loss in efficiency.

After pipelining, for example from an inland cilfield to &
coastal terminal. it may be destrable to tranship the ofl

92
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further by tanker. In this case, the emmsion, or cven more zo,
the dilnted cmnlsion, may be partially debrydrated before
loading.

Suitable oils for treatment are the viscons, beavy apd/or
asphaltenic crude oils to be found in Canada, the USA and
Veneruels, for example Lake Marguerite crude oil from
Alberta, Hewitt crude oil from Oklahoma and Cerro Negro
crude oil from the Orinoco ail belt.

Generally the AFI gravity should be in the range 5° to 20°,
although the methad can be applied to erude oils outside this
AP] range.

Once transported to & refinery, the heavy erude oil-in-
water emulsions muet be resolved into their component parts
and at this stage, further benefits of the low polydispersity of
(diluted) HIPR emulsions may be realized. The lack of
sub-micron oil droplets, which arc more dificult to resolve
and commonly cause effluent problems, may result in a more
cificient separation process and a cleaner water phase.

The invention is fllustrated with reference to the following
Examples and FIGS. 1 1o 3 of the accompanying drawings.

EXAMPLES

Lake Marguerite cude il (LMCO) was uscd as the oil
phase. LMCO is a heavy crude ofl (103° APT, n=19,800
mPas at 25° C.).

The surfactants used were either commercinlly available
or were samples received from BP Chemicals International
or BP Detergeots International. 2.5% (wt/wt) surfactant
solutions were made up in simulated formation water, see
Table 1, except where distilled water is indicated.

Typically, 90% HIFR emulsions were prepared by adding
a 90 g sample of LMCO to a 250 ml beaker containing 10
g of 2.5% aqueous surfactant solution. This was then mixed
at room temperatues (20°42° C.) using a twin-beater hand-
held domestic mixer (Moulinex Mode! No, 593) operating
for one minute at 1000 rpm (speed setting “1*) followed by
& further cne minute period at 1200 rpm (speed sstting “2™).

The moephology of the cmulsions resembles well-drained
polyhedral foams as shown in the
typical HIFR (90%) emulsion stabilized by a 2.5% solution
of the surfactant used in Example 10, ses FIG. 1.

The appearance of the mixture is indicative of whether
aqueous surfactant lamellse (dark-brown color, creamy

5

6
texnure} or aqueous droplets (lustrous black colet, smooth
lextae) are formed In the former case, the product is
completely water-dispersible, whereas i the latter, it is not,
Emulsions of lower oil content can be produced by dilotion
of the former emulsion with aqueous surfactant solution,
fresh water or saline water as previously stated.

Thaing the mixing process leading to lamellse, incorpo-
rated films of aqueous surfactant are stretched ot and folded
throughout the bulk ofl, ultimately leading to the complex
filro structure depicted in FIG. 1.

Droplet size distribations of emuisions prepared in this
wey were measured using Coulter Counter Analysis (Model
TA I, Coulter Electronics, Luton, Beds). A typical droplet
size distribution curve is showa in FIG. 2.

Dilution of the HIPR emulsion with additiopal water
relcases the oil from jts constraining framework and spheri-
cal droplets scparate. This effect can be scen from the
photomicrographs presented in FIG. 3; the differeat appear-
ance of the concentrated and dilute cmulsions is a conse-
queace of differcat contrast levels. Also evident from the
photomicrographs of the diluted HIPR cmutsions shown in
FIG. 3 is the monodispersity of the cmulsions prepared in
this manner. FIG. 3(a) represents the emulsion of Example
10 and FIG. 3(}) that of Example-17.

Table 2 containg a list and gencrutized structures of the
surfactants used, and their effectivencss as 2.5% solutions
based op the water phase in producing HIPR o/w emulsions,
except where other concentrations are indieated.

¥

of N1l 20,000
photomicrograph of & EQ1 1000
MeCly 2,000
CaCl 1,000
FalCO, 00
TABLE 2
— Surfectants used in the Attemepted Preparation of 90% ofw Ermmikions
Loogest Mverage No of Mseon Deoplat
Carbon Chain EO Groups/ /W Eumulsion  Dismeter
in Hydrophobe Molecule Formed (micrere)
13 10 Yo 98
13 . 64
15 - 60
20 - 63
30 . on
k] - 20
100 " 1590
2 ] No -—

I - TR P S

c,@_msw
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TABLE 2-continued

No Chemmical Type
10 HEOJO OEOM 12 0 - 120
1 16 b No -
O(EOLH
120 18 0 - -
13 13-17 7 - —
14 €y s=~CH=OEO0)RH 12 Yes 6.6
15 | 0 - 13
16 CH 40 - 10.5
17 (BOLH 12 15 . 54
18 / 12-14 25 - 53
19 C-—-N\ 12-14 15 . 54
(EOH
20 (EOLH 12-14 15 - 58
21 /7 16-18 as " 74
n C.—lr—{c'-‘h):—N 18 k1 " 6.6
(EO): (EORH
B /(EO)-H 16-18 35 Yes 8.5
Cruy—N /(EOLH
(CHyp=—N /(BO),H
(CHih—N
N\
EoH
% Cy 2 45 No —
Cs OEQ)sH
® HEo)., o 21 28 . -
N—{POp—N
7/ N\
H(EQ), (EO)H
B S0, Ng* 12 - . -
27 [CyySO IHNEO), H] 12 - - —
B C, ~N(Mc)'Br 14 -_ Yea 632
2 NeOH®™ — - . na
30 13 20 - uz
G {EORH (<) +
Polyvinylpyrolidone
(mol. wi o 38,000)
31 Polyisobutens sulphonate No
(ol wt = 371)
32 Polyisobuiene sulphooatet Yer 193
(mol wte37] 4
Folyviny] pyrrolidone
(mol wt 38,000)
“Missolved in distilied water,

)y in distilled watzr 0.08% by wt concentratlon

”lJS%bywmwhnofe::hstivﬁagmjnfui

I claim: 65 range 200 to 250.000 mPas at the tempersture st which the
L. An HIFR emulsion of oil in water comprising 80 0 emulston was formed a0d 3010 2% by volume of an aqueous
98% by volume of a viscous ofl having a viscosity in the  solution of an emulsifying surfactant selected from the

BNSDOCID: <US EB4LA33A1 ) >
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group consisting of aon-ionic, fonic and mixiures thereof,
percentages being expressed as percentages by volume of
e tatal mixture, wherein the emulsion comprises highly
distorted oil droplets having meap droplet diameters in the
range 2 to 50 microns separated by thin imerfacial fitms, &
bigh degree of monodispersity, and a pamrow range droplet
size distribution wherein at least $0% of the ofl dropleta have
& mean droplet diameter of less than 10 microns.

2. An emulsion according to claim 1 wherein the emuision
oontains 80 to 90% by volume of the ofl.

3. An croulsion according to claim 1 wherein the oil has
& visoosity of 2,000 to 250,000 mPas at the temperature at
which the emuision was formed.

4. Ao oil in waler emulsion containing an emnlsion
according to claim 1 dfluted with an aqueous phase.

5. An emulsion according to claim 1 wherein the sarfac-
tant is a non-ionic surfactant the molecules of which have a
hydrocarbyl, brydrophobic group having a chein length in the
range § to I8 carbon atomns, and one or more polyoxyeth.
¥lene groups containing 9 to 100 ethylene oxide units in
total, the hydrophilic group or groups conteining 30 of mare

584142381 >

10

10

cthiyleoe oxide units when the hydrophobic group has a
chain length of 15 carbon atoms or greater.

6. An emulsion according to claim 5§ whesein the surfac-
tant is an ethoxylated alkyl phenol,

7. An exulsion according to claim 1 whezein the surfac-
tant is an fonic surfactant.

8.Anemulsionamdingtoc1ahn7wbatinahydm-
philic polymer is cmployed in addition to the ionic surfac-
tant.

9. An emulsion according to claim 8 wherein the hydro-
philic polymer is polyvinyl alochol, polyethylene oxide,
polyvinyl pymoiidone or a polysacharide biopolymer,

10. An emulsion according to claim 1 wherein at leagt
90% of the ofl droplets have a mean droplet diameter of Jass
than 10 microns,

11. An emulsion aceording to claim 1 whercin at Jeast
80% of the oil droplets have 2 mean droplet diameter of
between 5 to 10 microns,
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Box No.1 Basis of the opinion
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O together with the international application in electronic form

0 subsequently to this Authority for the purposes of search
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the required statements that the information in the subseguent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.
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. Statement
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No: Claims 1-4,.6-9, 11-14 18, 19
Inventive step (IS) Yes: Claims
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Industrial applicability (IA) Yes: Claims 1-20
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WRITTEN OPINION OF THE International application No.
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Box No. VIl Certain defeclts in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. Vill Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheel

Form PCTASA/237 (April 2007)



WRITTEN OPINION OF THE " International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2010/000317

Reltemy

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Reference is made to the following documents:

D1 US 528 001 A

D2 EP 0 414 424 A2 (BRITISH PETROLEUM CO PLC [GB]} 27 February
1991 (1991-02-27) '

D3 US 5 863 301 A (GROSSO JORGE LUIS [COJ ET AL) 26 January 1999 .
(1999-01-26)

D4 US 4 821 757 A (HAYES MICHAEL E [US] ET AL) 18 April 1989
{1989-04-18) '

D5 WO 81/02024 A1 (LANKO INC [US]) 23 July 1981 (1981-07-23)

D6 US 5 354 504 A (RIVAS HERCILIO [VE] ET AL) 11 October 1994
{1994-10-11)

1. Novelty

The present application does not meet the criteria of Article 33(1) PCT, because the
subject - matter of claims 1-4, 6-9, 11-14, 18, 19 is not new in the sense of Article 33
(2) PCT.

1.1 The document D1 discloses (the references in parentheses applying to
this document) a process for the production of crude-oil-in-water emulsions for
pipeline transmission (descr. col. 1, |. 25-37), the emulsions comprising from
15% to 60% water {cl. 1). Following transport, the emulsions are broken
(descr. col. 17, |. 5-25).

Example XVIll discloses a unimodal emulsion with droplet size d=34 microns,
while example XIX discloses a bimodal emulsion with d1=69.9 microns and
d2=54.9 microns, which shows a reduced viscosity of 140 cp.

Form PCTHSA/Z3? {Separats Sheet) (Sheet 1) (EPO-April 2005}
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WRITTEN OPINION OF THE International application No,
INTERNATIONAL SEARCHING
-AUTHORITY (SEPARATE SHEET) PCT/1B2010/000317

D1 further teaches that the viscosity of bimodal emulsions can be further
reduced by optimising the maximum packing fraction-of oil droplets (descr.
col. 41, 1. 59-col. 42, |. 42).

Therefore, the disclosure of document D1 seems to anticipate the subject
matter of independent claims 1, 13, which are not considered to be novel over
D1 in the sense of Article 33(2) PCT.

Dependent claims 2-4, 6, 9, 14, 18, 19 and claims 7, 8, 11, 12 (see the
corresponding clarity objections in section Vlil) do not contain any features
which, in combination with the features of any claim to which they refer, meet
the requirements of the PCT in respect of novelty since the respective
technical features are disclosed by D1 as cited above.

1.2 The subject matier of claims 1-3, 6-9, 11-14, 18 is anticipated by the
disclosure of documents D2-D6, see the corresponding passages cited in the
search report.

2. Inventive Step

2.1 Dependent claims 5, 10, 15-17, 20 do not contain any features which, in
combination with the features of any claim to which they refer, meet the
requirements of the PCT in respect of inventive step, since the disclosed
additional technical features represent routine modifications of the
compositions or processes of D1, which are carried out by the skilled person
without the involvement of an inventive step.

Re ltem VI
Certain defects in the international application

Form PCT/SA/ZAT (Separate Sheet) (Sheet 2) (EPC-April 2005)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/1B2010/000317

o 1. The units "barrel", "degrees API" and "inch”, used throughout the
description and in claims 10, 12, 14, 15, 17, are not recognised in international

practice and should be replaced by appropriate St units (Art. 5 and Rule 10
PCT).

Re Item Viil
Certain observations on the international application

The application does not meet the requirements of Article 6 PCT, because claims 1, 2,
5,7,8,10,12-14, 17, 20 are not clear.

1. Itis clear from the description that the feature of a surfactant is essential to
the definition of the invention.

Since independent claim 13 does not contain this feature it does not meet the

® requirement following from Article 6 PCT taken in combination with Rule 6.3(b}

PCT that any independent claim must contain all the technical features
essential to the definition of the invention,

Furthermore, said claims discloses a method of transporting, while the feature
of an actual transporting step is missing in said claim.

2. The definition of a crude oil content of 45-80% in claim 1 is unclear, since
there is no information given whether this refers to the oil phase or to the
emulsion {(Art. 6 PCT). In order to carry out a meaningful search, it is assumed
that the range refers to the crude oil content of the emulsion.

3. In claims 1, 13 the definition of the droplet size distribution from 0.5 up to
500 microns appears to be extremely broad, while the examples show narrow

distributions with gav lues falling i id br efinition. Therefore
said claims do not appear to be not supported by the description as required

by Article 6 PCT, as their scope is broader than justified by the descriptionand
the drawings.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING '
AUTHORITY (SEPARATE SHEET) PCT/iB2010/000317

4. Claims 10, 14 do not meet the requirements of Article 6 PCT because the
matter for which protection is sought is not clearly defined. The claims attempt
to define the subject-matter in terms of the result to be achieved, which merely
amounts to a statement of the underlying problem, without providing the
technical features necessary for achieving this resuit.

5. The term "about" used in claims 1, 2, 5, 10, 12-14, 17, 20 is vague and
leaves the reader in doubt as to the meaning of the technical features to which
it refers, thereby rendering the definition of the subject-matter of said claims
unclear (Article 6 PCT).

6. Claim 7 is unclear in defining a quaternary ammonium sait as an anionic
surfactant, thus raising a contradiction (Art. 6 PCT). Said claim is therefore
considered to be non-limiting.

7. Claim 8 is unclear in disclosing the compounds "sodium alkylamines” and
"bromide alkylamines", which are not known in the art. Said claim is therefore
considered to be non-limiting (Art. 6 PCT).

r

8. Claims 11, 12 are unclear in disclosing features relating to separation of the
emulsion, i.e. process features, while they do not add a limitation to the

product, i.e the emulsion, pet se. Said claims are therefore considered to be
non-limiting (Art. 6 PCT).

9. The expression “incorporated herein by reference” used throughout the
description is unclear (Art. 5 PCT and GL 4.26) and should be deleted.
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CONDUCCION POR TUBERIA DE PETROLEO EN FORMA DE EMULSION
RESUMEN-OBJETO Y FINALIDAD DE LA INVENCION

Un medio para transportar una dispersion de petréleo crudo y agua mediante
tuberias convencionales. La dispersion es una emulsién preparada mediante la
combinacion de agua de produccidn con petréleo crudo asi como un sistema
apropiado de tensoactivos de modo tal que [a emulsion se estabiliza. La
dispersion presenta una viscosidad de menos de aproximadamente 500 cP que
permite que se pueda bombear y transportar via tuberias convencionales. La
dispersién, una vez llega a su destino final, se rompe o se separa mediante uno o
mas diluyentes apropiados de modo que el petréleo remanente cumpla con las
especificaciones predeterminadas para procesamiento adicional, es decir, refinar
en fracciones mas ligeras.

SECTOR: |Industria Petrolera, en particular sistemas de conduccién para
productos viscosos que facilitan el transporte de liquidos viscosos por la
modificacion de la viscosidad, resultante de la mezcla con otro liquido, y procesos
para romper emulsiones.
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CONDUCCION POR TUBERIA DE PETROLEQ EN FORMA DE EMULSION

SOLICITUD RELACIONADA
La presente solicitud reivindica el beneficio de la Solicitud Provisional de E.U. No.

61/148,306 presentada en Enero 29, 2009, que se incorpora aqui en su totalidad
como referencia.

CAMPO DE LA INVENCION
La presente invencion se relaciona generalmente con el transporte de petréleo
crudo. Mas especificamente, la presente invencion se relaciona con la conduccion

por una tuberia de petréleo crudo en forma emulsificada.

ANTECEDENTES DE LA INVENCION

El procesamiento de petréleo crudo incluye el transporte de petréleo extraido del
campo petrolero al area de tanques de una refineria para procesamiento adicional
en fracciones mas ligeras. Frecuentemente, las areas de tanques estan a
distancias significativas de los campos petroleros. Transportar los petroleos
crudos pesados se puede lograr mediante cualquier via diferente incluyendo
conduccién por tuberias, transporte, y otros medios apropiados para transportar el
petrdleo crudo. '

El transporte de petrélec crudo via vehiculos, tales como carrotanques o
camiones de petréleo y similares, es variable en costos y depende extensamente
del costo del combustible. Recientemente, este metodo se ha vuelto cada vez
mas caro debido al aumento de los precios de la gasolina. Este método se puede
llegar facilmente a costos desorbitados a medida que aumenta [a distancia entre

el campo petrolero y el area de tanques.

La conduccién por tuberia de petréleo crudo, ya sea sobre o bajo tierra, es un
meétodo mas eficiente en costos para transportar el petréleo crudo entre el campo
petrolero y el area de tanques. Las tuberias de petrdlec estan hechas tipicamente
de tubos de plastico 0 acero con un diametro interno tipicamente de 10 a 120 cm,
o aproximadamente 4 a 48 pulgadas. Las tuberias mas profundas estan
enterradas a una profundidad de aproximadamente 1 -~ 2 metros, o
aproximadamente 3 a 6 pies. El petrdleo se mantiene en movimiento mediante
estaciones de bombeo a lo largo de la tuberia, y usualmente fluye a una velocidad

de aproximadamente 1 a 6 m/s.
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El petroleo crudo contiene cantidades variables de cera, o parafina, y en climas
mas frios puede darse una acumulacién de cera en la tuberia. Frecuentemente
estas tuberias se revisan y se limpian utilizando raspatubos de medicidn para
inspeccion de tuberias, también conocidos como raspadores. Estos dispositivos
se lanzan desde estaciones de lanzamiento de diablo y viajan a traves de la
tuberia para recibirse en cualquier otra estacién corriente abajo, limpiando los

depdsitos de cera y el material que se pudo haber acumulado dentro de la linea.

El petréleo crudo pesado y extra pesado en su forma natural tiene una densidad
de aproximadamente 7 hasta aproximadamente 14 grados API, y una viscosidad
de aproximadamente 10° hasta aproximadamente 10° cP a 25 grados
centigrados. API, también conocida como gravedad API, significa gravedad del
Instituto Americano del Petroleo (por sus siglas en inglés). Es una medida de la
densidad relativa del petroleo liquido y la densidad del agua, y se utiliza para
comparar densidades relativas de liquidos de petroleo. Por ejemplo, si el AP| de
un petrdleo liquido es mas de diez, es mas ligero que y flota en agua. Si un
petréleo liquido tiene una gravedad APl mayor que un segundo petrleo liquido,

es mas ligera que y flota sobre el segundo petréleo liquido.

Debido a la relativamente baja gravedad APl y la alta viscosidad del petréleo
crudo, toma una cantidad extraordinaria de energia bombear el petroleo crudo en
su forma natural, si es que se puede bombear. Similar al transporte via
carrotangues de petréleo, mientras que la distancia entre el campo petrolero y el
area de tangues aumenta, la conduccion por la tuberia de petréleo crudo puro se

va volviendo cada vez mas costosa y los costos se acumuian.

Es sabido que hacer emulsiones aceite en agua para reducir la viscosidad del
petroleo crudo para que bombee mejor, requiere menos energia que las
alternativas previamente descritas. Sin embargo, las emulsiones aceite en agua
del arte previo tipicamente tienen mayores contenidos de agua, de modo que un

gran volumen de emulsién debe transportarse para mover el petroleo crudo.

Todavia existe la necesidad de un proceso para colocar una tuberia de petréleo
crudo pesado en largas distancias desde el campo petrolero hacia las areas de
tanques en donde el petréleo tiene una viscosidad que se puede bombear y es
transportable, cumpliendo con las especificaciones del proceso de refinacion

posterior, es decir, fracciones mas ligeras.
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RESUMEN DE LA INVENCION

Las realizaciones de la presente invencidén superan muchas de las deficiencias
descritas anteriormente. Las realizaciones de la invencion incluyen una dispersion
de petréleo crudo pesado y agua que se pueden transportar en tuberias
convencionales. La dispersion es una emulsion preparada combinando agua de
produccién con petrdleo crudo asi como un sistema de tensoactivos adecuado de
modo que la dispersion se estabilice.

En particuiar, el petréleo crudo pesado se dispersa en la fase acuosa en forma de
gotas que tienen tamaros distribuidos entre aproximadamente 0.5 hasta
aproximadamente 500 pum. Esta distribucion se puede referir como una
distribuciéon de tamafio de gota y se puede representar, por ejempio, en una
grafica de frecuencias como % de volumen o masa como una funcién del tamafio
de gota. Las distribuciones del tamafio de gota se pueden caracterizar mediante
parametros estadisticos tales como la media y la desviacién estandar. Una
distribucién de tamafo de una emulsion puede tener un significado unimodal
acerca de que hay un solo valor o pico mas frecuente, bimodal (dos valores pico),
o polimodal (mas de dos picos). Las emulsiones polimodales tienen a ser menos
viscosas que las emulsiones unimodales, mientras que las emulsiones bimodales
que tienen una proporcidn de tamafo de particula grande a tamafio de particula
pequefio cercano a diez, SON mMenocs viscosos que los sistemas unimodales o

polimodales.

La viscosidad de una emulsién también es una funciéon del contenido de petroleo.
Un pequefio incremento de petréleo puede tener un gran impacto en Ia
viscosidad. Modificar la distribucion del tamafio de gota como se explica
anteriormente, puede compensar un incremento en el contenido de petréleo

reduciendo o manteniendo la viscosidad constante.

Las realizaciones de Ia presente invencidn incluyen la preparacion de emulsiones
unimodales, bimodales y polimodales para maximizar el transporte de petréleo
mientras se tienen caidas de presion inferiores a pesar del alto contenido de
petréleo. La dispersion unimodal, bimodal o polimodal presenta una viscosidad de
menos de aproximadamente 500cP que permite que se pueda bombear y
transportar via tuberias convencionales. La dispersién, una vez llega a su destino

final, se rompe o separa mediante uno ¢ mas diluyentes apropiados de modo que
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el petrélec remanente cumple con las especificaciones predeterminadas para el
procesamiento adicional, es decir, deshidratacién y refinacion en fracciones mas
ligeras.

BREVE DESCRIPCION DE LAS FIGURAS

La FIG.1 es un diagrama de flujo de proceso de acuerdo con una realizacion de la
invencion;

La FIG.2 es un diagrama de flujo de proceso de una etapa de formacion de una

emulsion unimodal de acuerdo con una realizacion de la invencion;

La FIG. 3 es un diagrama de flujo de proceso de una etapa de formacién de una

emulsion bimodal o polimodal de acuerdo con una realizacion de la invencion;

La FIG. 4 es un diagrama de flujo de proceso de un paso de rompimiento de la
emulsion de acuerdo con una realizacion de la invencién;

La FIG. 5 es una grafica que representa el efecto de la tasa de flujo sobre la
distribuciéon del tamafio de gota de emulsiones unimodales de acuerdo con una
realizacion de la invencién,

La FIG. 6 es una grafica que representa el efecto de la concentracion de
tensoactivo sobre el tamano medio de la gota de las emulsiones de acuerdo con

una realizacion de la invencion;

La FIG. 7 es una grafica que representa el tamafio medio de la gota como funcién
de la potencia de mezcla como el producto de la caida de presién a lo largo del
mezclador estatico y la tasa de flujo de acuerdo con una realizacion de la
invencion;

La FIG. 8 es una grafica que representa la viscosidad aparente de una emulsion
unimodal 70% medida en una tuberia experimental de una pulgada de acuerdo
con una realizacidn de la invencion;
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La FIG. 9 es una grafica que representa el tamafo medio de gota como funcion
del tiempo y la concentracion de tensoactivo de acuerdo con una realizacion de la

invencion:

La FIG. 10 es una grafica que representa la evolucion del tamafio medio de gota
de acuerdo con la tasa de flujo en una etapa centrifuga de bombeo de acuerdo
con una realizacion de la invencion;

La FIG. 11 es una grafica que representa la evolucidn del tamafio medio de gota
en una bomba centrifuga de seis etapas de acuerdo con una realizacién de la
invencion;

La FIG. 12 es una grafica que representa la distribuciéon del tamafic de gota de
dos emulsiones unimodales mezcladas para producir emulsiones bimodales de
acuerdo con una realizacion de la invencion;

La FIG. 13 es una grafica que representa la viscosidad aparente como funcién del
esfuerzo cortante para las emulsiones de la FIG. 12;

La FIG. 14 es una grafica que representa el efecto de la adiciéon de un rompiente
de la emulsion sobre la separacion de agua una y 24 horas después de la dilucién
utilizando nafta como diluyente; y

La FIG. 15 es una grafica que representa el efecto del tipo de diluyente sobre la
separacion de agua 24 horas después de la dilucion.

El resumen anterior de la invencidon no pretende describir cada realizacién
lustrada o cada implementacién de la presente invencién. Las figuras y la

descripcién detallada que siguen ejemplifican mas particularmente estas
realizaciones.

DESCRIPCION DETALLADA DE LAS FIGURAS

Los procesos de transporte de acuerdo con las realizaciones de la invencion
incluyen una emulsién de petroleo y agua que se puede bombear y transportar via

tuberias convencionales, y se puede separar facilmente al llegar a su punto de

A



10

15

20

25

30

35

destino para procesamiento adicional. Los procesos son eficientes en costos, sin

importar la distancia del campo petrolero a los depésitos de petrdieo.

En referencia a la FIG. 1, el proceso de conduccidn por la tuberia 100
generalmente incluye una etapa de emulsificacién o mezcla 108, un estado de
bombeo 112, un estado de rompimiento o separaciéon de la emulsién 116, y al
menos un estado de tratamiento de agua 120. En 102, el petrdleo crudo pesado
tiene una densidad de aproximadamente 7 a aproximadamente 14 grados APl y
una viscosidad de aproximadamente 10° a aproximadamente 10° cP se extrae del
suelo. El petroleo crudo puede contener sal presente en el agua como sales
minerales solubles. Es deseable remover la sal del petréleo crudo para evitar
complicaciones en el procesamiento corriente abajo, como en el proceso de
refinacion. Dado que la sal esta presente en el agua como sales minerales
solubles, 1a remocidon de agua del petrélec crudo removera la sai. Por lo tanto, en
104 el petrdleo crudo pesado se deshidrata, utilizando deshidratacién

gravitacional o centrifugas, por ejemplo, para remover el agua.

Una vez que se ha retirado la sal del petroleo crudo, el agua y un sistema de
tensoactivos que contiene uno o mas surfactantes se combinan con el petréleo
crudo en 106. El agua puede ser agua fresca o agua del deposito de petroleo. La
fuente de agua preferiblemente tiene una salinidad de aproximadamente 5000
partes por millon {ppm) o menor; sin embargo, también se puede utilizar una
salinidad mayor. El sistema de surfactantes puede comprender uno o mas

tensoactivos aniénicos y/o no ibnicos.

Los tensoactivos anidnicos pueden incluir tensoactivos cationicos tales como
sales de amonio cuaternarias, por ejemplo, alquilaminas de sodio o bromo. Los
tensoactivos no idnicos pueden inciuir, por ejemplo, alcoholes etoxilados primarios
o0 secundarios, y/o alquilfenoles etoxilados. La concentracion de tensoactivo
puede comprender desde aproximadamente 500 hasta aproximadamente 10,000
ppm, y mas especificamente desde aproximadamente 500 a aproximadamente
3,000 ppm.

En la etapa de mezcla o emulsificacion 108, el petrdleo crudo se mezcla con
aproximadamente 55 a 20% p/p de contenido de agua para formar una emulsién
aceite en agua. La mezcla se puede realizar entre aproximadamente 35 y

aproximadamente 80 grados Celsius. El agua y el sistema de tensoactivos se
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combinan con el petréleo crudo pesado en la etapa de emulsificacion 108
mediante licuadores o0 mezcladores estaticos o mecanicos. Un mezclador
apropiado, por ejemplo, es el Mezclador Filmics, disponible de la Corporacion
Primix de Osaka, Japon. El mezclador Filmics y la tecnologia se selecciona en la
Patente de E.U. No. 5,582,484 titulada “Método de, y Aparato para, agitar liquidos
en tratamiento”, que se incorpora aqui por referencia en su totalidad. La emuisién
se mezcla en la camara con un ¢anal con una ranura que gira una pelicula de los
componentes de la emulsion y crea un campo centrifugo de aproximadamente

trece mil gs y mas.

La dispersion o emulsion resultante contiene un contenido de crudo entre
aproximadamente 45 y aproximadamente 80 por ciento p/p. La dispersion se
puede diluir posteriormente con agua de modo que la dispersién sea manejable,
es decir, eficientemente para bombear y transportar, en una tuberia convencional
tal que el contenido de crudo esté entre aproximadamente 45 y aproximadamente
75 por ciento p/p. La dispersién o emulsiéon resultante luego se almacena en
tanques de almacenamiento a 110, y luego se bombea por la tuberia a 112 al
deposito de tanques.

Una vez la dispersién agua y aceite alcanza su destino, el depésito de tanques,
sufre un paso de “rompimiento” o separacion 116. En una realizaciéon de la
invencion, etapa 116 es un proceso de dos partes. Primero, un diluyenté con una
densidad de aproximadamente 25 y 62 grados AP! se adiciona a 114 a la
dispersion para facilitar la separacion de la emulsién, y para reducir la densidad y
la viscosidad del petroleo de modo que el petrdleo sea apropiado para uso y
combustible para ebullidores en la refinacién. Segundo, se adiciona una solucion
basica a una concentracién de aproximadamente 0.1 a aproximadamente 0.3%
de la dispersién para producir el rompimiento o ruptura de la emulsion, y la
separacion de la fase de petroleo crudo de la fase acuosa. Esta solucién basica
puede ser, por gjemplo, una solucién de hidroxido de sodio o una amina, tal como
monoetanoclamina o trietanolamina. Esta solucidén basica causa que el petroleo y

los diluyentes coalescan y se separen del agua.

La fase de petrdleo se diluye a partir de la fase original de petréleo crudo, y
tiene un contenido de agua de aproximadamente 25% o menos. La densidad
resultante de la fase de petréleo es desde aproximadamente 15 grados API a

aproximadamente 20 grados API, y preferiblemente aproximadamente 18 grados
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API. La fase de agua tiene un contenido de crudo de aproximadamente 5% o
menos. El agua de la fase de agua se envia entonces a una instalacién de
tratamiento de agua en 118 para su recuperacion y reutilizaciéon. Puede separarse
mas agua de la fase de petréleo en 120 usando procesos de deshidratacion tales
como separadores y deshidratadores gravitacionales y/o electrostaticos de tal
manera que la fase de petréleo se encuentre dentro de las especificaciones de
densidad y viscosidad para procesamiento adicional. Esta agua adicional
separada puede también enviarse a una instalacién de tratamiento de agua en

122 para su recuperacion y reutilizacion.

En una realizacion de la invencidon, haciendo referencia a la FIG. 2, una
etapa de emulsificacion 200 comprende la formacién de una emulsién unimodal.
La etapa de emulsificacion unimodal 200 incluye generalmente un suministro o
tanque 202 de petrdleo crudo pesado (HCO, por sus siglas en inglés) y un
suministro o tanque de agua 204. El agua del suministro de agua 204 se mezcla
opcionalmente con uno o mas tensoactivos de un suministro o tanque de
tensoactivos 206 en el mezclador 208. El agua que opcionaimente contiene
tensoactivos se combina entonces con el petroleo crudo pesado del suministro de
HCO 202 en el mezclador 210 para formar una emulsién unimodal.
Opcionalmente, puede combinarse mas agua del suministro de agua 204 con la
emulsién unimodal en el mezclador 212. La emulsion unimodal se almacena
posteriormente en el tanque de emulsion o tanque de reserva 214. Los
mezcladores 208, 210, y 212 pueden ser mezcladores dinamicos, mezcladores

estatico-dinamicos, o mezcladores estaticos como se describe supra.

Otra realizacién alternativa de la invencion es la fabricacién de emulsiones
bimodales o polimodales que emplean dos lineas de fabricacién. Por ejemplo, una
linea maneja aproximadamente 60 a aproximadamente 90% del flujo total y
produce una emulsion que tiene un modo grande de aproximadamente 20 a
aproximadamente 80 um. La segunda linea puede manejar aproximadamente 40
a aproximadamente 10% del flujo total y produce una emulsion que tiene un modo
pequefic de aproximadamente 0,5 a aproximadamente 10 um. Las dos lineas se
combinan para producir un Gnico camino o corriente de fiujo de la emulsion que
tiene un contenido de petréleo crudo de aproximadamente 60 a aproximadamente
85% y una distribucion de tamafio de gota bimodal o polimodal. Las emulsiones
se forman mediante mezcladores dindmicos, mezcladores estatico-dinamicos, o
mezcladores estaticos 0 mezcladores mecanicos como se describio supra. La
emulsiéon bimodal o polimodal puede también almacenarse en tanques de
almacenamiento y bombearse mediante una tuberia a un depésito de petroleo.
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10

Haciendo referencia a la realizacién de ejemplo que se ilustra en la FIG. 3,
una etapa de emulsificacion 300 comprende la formaciéon de una emulsion
bimodal o polimodal. La etapa de emulsificacién 300 incluye generaimente dos o
mas suministros o tanques de HCO 302 y un suministro o tanque de agua 304. En
un primer camino 306a, e.g. un camino de emulsién de modo pequefio, ilustrado
por una linea sdlida, el agua del suministro de agua 304 se mezcla opcionalmente
en el mezclador 308 con uno o mas tensoactivos del tanque o suministro de
tensoactivos 310. El agua que opcionalmente contiene tensoactivos se combina
posteriormente con petroleo crudo pesado del primer tanque de HCO 302a en el
mezclador 312 para formar una emulsion de modo pequefo. En un segundo
camino 306b, e.g. una emulsién de modo grande, ilustrada por una linea
punteada, el agua del suministro de agua 304 se mezcla opcionalmente en el
mezclador 314 con uno o mas tensoactivos del suministro o tanque de
tensoactivos 316. El agua que opcionalmente contiene tensoactivos se combina
posteriormente con petréleo crudo pesado de un segundo tanque de HCO 302b
en el mezclador 318 para formar una emulsién de modo grande. El camino de
emulsion de modo pequerio 306a y el camino de emulsién de modo grande 306b
se combinan posteriormente con agua del suministro de agua 304 en el
mezclador 320 para formar una emulsion bi- o polimodal que posteriormente se
almacena en un tanque de emulsién o tanque de reserva 322. Los mezcladores
308, 312, 314, y 318 pueden comprender mezcladores dinamicos, mezcladores
estatico-dindmicos, o mezcladores estaticos 0 mezcladores mecanicos como se
describid supra.

Cuando la emulsion liega a su destino para procesamiento adicional, la
emulsion se separa o se rompe. En una realizacion de la invencién, para romper
la emulsion se adiciona un diluyente con una densidad de aproximadamente 25 a
aproximadamente 62 grados APl y se adiciona un paquete tensoactivo o un
agente de ruptura de la emuisién a la dispersion de petroleo en agua. La emulsién
se rompe, separandose parte o casi todo el contenido de agua. El paqguete
tensoactivo o el agente de ruptura de la emulsidn puede comprender cualquier

sustancia comercial que produzca de manera suficiente una separacion aceptable
de agua del petréleo.

Haciendo referencia de manera especifica a |a realizacién ejemplar que se
ilustra en la FIG. 4, una etapa de separacion 400 puede incluir de manera general
el tanque de emulsion 214 de la FIG. 2 6 322 de la FIG. 3, uno 0 mas suministros
o tanques de aditivo de ruptura 402, y un tanque diluyente 404. La emulsidn uni-,
bi-, 0 polimodal del tanque de emulsién 214, 322 se combina en el mezclador 406
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con un primer aditivo de ruptura del primer tanque de aditivo de ruptura 402a y
uno o mas diluyentes del tanque de diluyente 404. Puede combinarse un segundo
aditivo de ruptura opcional de un segundo tanque de aditivo de ruptura 402b con
la emulsién separada en el mezclador 408. La emulsién separada puede ser
almacenada o enviada al tanque de separacion 410 para procesamiento adicional
y separacion. Los mezcladores 406 y 408 pueden comprender mezcladores
dinamicos, mezcladores estatico-dinamicos, o mezcladores estaticos o

mezcladores mecanicos como se describe supra.

Como se discutié en la seccion de Resumen, las dispersiones de la
presente invencion incluyen petréleo crudo pesado dispersado dentro de la fase
de agua como gotas que tienen tamafios distribuidos, o una distribucion de
tamafoc de gota, entre aproximadamente 0,5 a aproximadamente 500 um. Puede
hacerse referencia a esta distribucién como una distribucion del tamafio de gota y
puede representarse, por ejemplo, en una grafica de frecuencia como % de
volumen o masa de las gotas de la emulsién como una funcion del tamario de
gota. Las distribuciones del tamarfio de gota pueden caracterizarse mediante
parametros estadisticos tales como un valor promedic y una desviacién estandar.
Una distribucién de tamafio de una emulsién puede ser unimodal lo gue significa

que hay un Gnico valor o pico mas frecuente, bimodal (dos valores pico), o

polimodal (méas de dos picos). Las emulsiones polimodales tienden a ser menos

viscosas que las emuisiones unimodales, mientras que las emulsiones bimodales
que tienen una relacién de tamafio de gota grande a tamafio de gota pequefia

cercana a diez, son menos viscosas que los sistemas unimodales o polimodales.

La viscosidad de una emulsién es también una funcién del contenido de
petroleo. Un pequefio incremento de petrdleo puede tener un fuerte impacto sobre
la viscosidad. Modificar la distribucion del tamaio de gota como se explicd
anteriormente puede compensar el incremento en el contenido de petréleo al
reducir o mantener constante una viscosidad.

Las FIGS. 5-7 ilustran los resultados del ensayo de la formacién. La FIG. 5
ilustra el efecto de la tasa de flujo en la distribucién del tamafio de gota. El tamario
de gota de una emulsiéon unimodal que contenia 80% de petrélec crudo pesado y
6000 ppm de tensoactivo mezclado en un mezciador estatico de una pulgada
(2,54 cm) se midi6 a tasas de fiujo de 250, 350, 480, y 580 barriies por dia. De
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manera tipica, las menores tasas de flujo de manera tipica resultaron con una
distribucién mas amplia con un tamario de gota pico mas grande que las tasas de
flujo mayores. Las tasas de flujo mayores tuvieron de manera tipica una
distribucidén mas estrecha

Haciendo referencia a la FIG. 8, se graficé el efecto de la concentracion de
tensoactivo sobre el tamafio promedio de gota de una emulsidn unimodal. El
tamafio promedio de gota de una emulsiéon unimodal que contenia 80% de
petréleo crudo pesado con diferentes niveles de tensoactivo mezclado en un
mezclador estatico de 1" (2,54 cm) se midié a una tasa de flujo de 424 barriles por
dia. El tamafo promedio de las gotas disminuyé a medida que las

concentraciones de tensoactivo aumentaron de 500 a 3500 ppm.

Haciendo referencia a la FIG. 7, se grafico el tamario promedio de gota de
diversas emulsiones como funcién del poder de mezcla expresado como caida en
la presién a través del mezclador estatico multiplicado por la tasa de flujo. Se
midieron las emulsiones que contenian 80% de HCO con 1000 y 3000 ppm de
tensoactivo, al igual que una emulsion que contenia 85% de HCO con 3000 ppm
de tensoactivo, y una emulsion que contenia 90% de HCO con 10.000 ppm de
tensoactivo. Para todas las emulsiones, el tamafio promedio de gota disminuyo6 a
medida que el poder aumentaba. Esta grafica permite determinar las condiciones

de proceso para emulsiones de modo grande y pequefio.

La FIG. 8 es una grafica de la curva de viscosidad para una emulsion
unimodal comparando la viscosidad aparente como una funcion de la velocidad
de corte medida a entre 23 y 25 grados Celsius en un bucle experimental de una
pulgada (2,54 cm). La emulsién unimodal contiene 70% de HCO. La viscosidad

disminuye a medida que la velocidad de corte aumenta.

La FIG. 9 ilustra la estabilidad estatica de las emulsiones en el tiempo
como una funcién de la concentracién de tensoactivo. En particular, se midi6 el
tamafio promedio de gota de una emulsién que contenia 70% de HCO con
diversos niveles de tensoactivo (1300, 1500, y 3000 ppm) en el transcurso de 20
dias. A medida que la concentracién de tensoactivo aumentaba, la estabilidad del
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tamafo promedio de gota aumentaba, i.e. el tamafio promedio de gota

permanecia inalterado después de 20 dias.

Las FIGS. 10 y 11 ilustran la estabilidad dinamica de las emulsiones
bombeadas con bombas c¢entrifugas de una y seis etapas. La FIG. 10 es una
grafica de la evolucion del tamario promedio de gota como una funcion de la tasa
de flujo en una bomba centrifuga de una etapa. A medida que la tasa de flujo
aumenta, la curva de distribucion de tamano se angosta, y el tamario pico de gota
disminuye. La FIG. 11 es una gréafica de la evolucién del tamario promedio de gota
en una bomba centrifuga de seis etapas. La curva de distribucion de tamafio se
angosta y el tamarfio pico de gota disminuye tras la circulacién desde la
distribucién inicial.

La FIG. 12 ilustra las curvas de distribucién del tamafio de mezclar dos
emulsiones sustancialmente unimodales que tienen picos a 3 y 40 micrometros
respectivamente para producir una emulsion bimodal que tiene una proporcion
volumétrica de la emulsién de modo pequefio de aproximadamente 20%. La FIG.
13 ilustra que una menor viscosidad de una emulsién bimodal que contiene 76%
de HCO se obtiene cuando la proporcién volumétrica de la emulsion de modo
pequeio es aproximadamente 20%.

La FIG. 14 ilustra el efecto de la adicién de uno o mas agentes de ruptura
de emulsion en la separacion de agua empleando Nafta como el diluyente. En
particular, se midi¢ el porcentaje de agua separada con base en el agua total en
el petroleo para emulsiones de 65% de HCO que contenian 800 y 1200 ppm de
tensoactivo. El porcentaje de agua separada es la proporcion de toda el agua
presente en la emulsion que se ha separado del HCO diluido. Las emulsiones que
se rompieron mediante la adicién de un agente de ruptura de emulsion
comercialmente disponible (representado como W/B) se compararon con aquellas
en las que no se habia adicionado agente de ruptura de emulsion (representadas

como N/B). El efecto se midié una y 24 horas después de la dilucién.

La FIG. 15 ilustra el efecto del tipo de diluyente con y sin la adicién del
agente de ruptura de emulsion. Se graficé el efecto usando el porcentaje de agua
separada del petr6lec para emulsiones de 65% de HCO preparadas con 800 y

1200 ppm de tensoactivo. Los tipos de diluyentes incluian nafta (NAP) que tenia
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un API de aproximadamente 60, y petréleo crudo ligero (LCO)} que tenia un API
de aproximadamente 33. Los diluyentes se adicionaron en una cantidad para
obtener un petréleo crudo diluido que tenia un APl de aproximadamente 18. El
efecto se midié6 a las 24 horas de la dilucién, puesto que el LCO no produjo

ninguna separacion de agua 1 hora después de la dilucion.

Por lo tanto, la invencion sefiala y resuelve muchas de las deficiencias e
inconvenientes identificados previamente. La invencion puede expresarse en
otras formas especificas sin apartarse de los atributos esenciales de la misma;
por lo tanto, las realizaciones ilustradas deben ser consideradas en todos ios
aspectos como ilustrativas y no restrictivas.
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REIVINDICACIONES

Lo que se reivindica es:

1.

Una emulsion de agua y petréleo que puede ser bombeada, que
comprende:

una fase de agua;

una fase de petréleo que comprende petroleo crudo presente en una
cantidad de aproximadamente 45 a aproximadamente 80 por ciento en

peso; y

un tensoactivo presente en una cantidad de aproximadamente 500 a

aproximadamente 3000 partes por millén;

en donde el petrdleo crudo estd dispersado dentro de la fase de
agua como gotas que tienen una distribucién de tamafo de gota entre
aproximadamente 0,5 y aproximadamente 500 pm.

La emulsién de la reivindicacion 1, en donde una viscosidad de la emulsion

es aproximadamente 500 cP (0,5 Pa-s) o menos.

La emulsién de la reivindicacién 1, en donde la emulsién comprende una
emuisién unimodal.

La emulsién de la reivindicacion 1, en donde la emulsion comprende una
emulsion bimodal o polimodal.

La emulsion de la reivindicacion 4, en donde la emulsién comprende una
emulsion bimodal que tiene una relacion de tamafo de gota grande a
tamafio de gota pequefio en un rango de aproximadamente diez a
aproximadamente quince.

La emuisién de la reivindicacién 1, en donde el tensoactivo comprende uno

0 mas tensoactivos anidnicos, unoc o mas tensoactivos no idnicos, 0 ambos.
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7. La emulsién de la reivindicacién 8, en donde el tensoactivo comprende uno
0 mas tensoactivos anionicos seleccionados del grupo que consiste de
sales de amonio cuaternario.

5 8. La emuision de la reivindicacion 7, en donde el grupo que consiste de sales
de amonio cuaternario comprende alquilaminas de sodio, alquilamidas

bromuro, o ambos.

9. La emulsién de la reivindicacién 6, en donde el tensoactivo comprende une
10 o mas tensoactivos no idnicos seleccionados del grupo que consisten de
alcoholes primarios etoxilados, alcoholes secundarios etoxitados,

alquifenoles etoxilados, y combinaciones de los mismos.

10. La emulsion de la reivindicaciéon 1, en donde la emulsién puede separarse

15 mediante la adicion de un diluyente que tiene una densidad de
aproximadamente 25 y 62 grados API, y una solucién basica en una
concentracion de aproximadamente 0,1 a aproximadamente 0,3 por ciento

en peso de la emulsion.

20 11. La emulsién de la reivindicacion 1, en donde la solucién basica comprende
una solucién de hidréxido de sodio, monoetanolamina, o trietanclamina.

12. La emulsién de la reivindicacién 10, en donde la emulsion es separada de

tal manera que la fase de petrdleo se diluye hasta un contenido de agua de -

25 aproximadamente 25 por ciento en pesc o menos, y una densidad
resultante de aproximadamente 15 grados APl a aproximadamente 20
grados API.

13. Un método para el transporte de petréleo crudo pesado en forma de

30 emulsion, que comprende:
proveer una fase de petréleo crudo,
proveer una fase de agua; y

combinar la fase de petréleo crudo y la fase de agua para formar

y i
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una emulsibn que tiene un contenidec de petrdleo crudo de

aproximadamente 45 a aproximadamente 80 por ciento en peso,

en donde el petrdleo crudo es dispersado en la fase de agua como
gotas que tienen wuna distribucibn de tamafo de gota entre

aproximadamente 0,5 y aproximadamente 500 ym.

14. El método de la reivindicacion 13, que comprende ademas:

transportar la emulsién de una primera ubicacién a una segunda

ubicaciéon mediante una tuberia; y

romper la emulsion en la segunda ubicacién de tal manera que la
fase de petréleo resultante se diluya hasta un contenido de agua de
aproximadamente 25 por ciento en peso o menos, y una densidad
resultante de aproximadamente 15 grados AP! a aproximadamente 20
grados API.

15. El método de la reivindicacién 14, en donde romper la emulsion

comprende:

adicionar un diluyente que tiene una densidad de aproximadamente

25 y 62 grados API a la emulsién;

adicionar al menos un agente de ruptura de emulsién a la emulsion,
en donde el agente de ruptura de emulsion comprende una solucion basica
a una concentracidn de aproximadamente 0,1 a aproximadamente 0,3 por

ciento en peso de la emulsidn.

16. El método de la reivindicacidon 15, en donde la solucion basica comprende

una solucién de hidroxido de sodio, monoetanolamina, o trietanolamina.

17. El método de la reivindicacién 15, en donde el diluyente comprende nafta

que tiene un APl de aproximadamente 60 grados, petrdleo crudo liviano
(LCO) que tiene un AP! de aproximadamente 33 grados, ¢ ambos.

18. El método de la reivindicacién 13, en donde la emulsién comprende una

emulsién unimodal, bimodal o polimodal.
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19. El método de la reivindicacion 18, en donde la emulsién comprende una

emulsién bimodal formada al:

formar una primera emulsion, de modo pequefo, combinando la

fase de agua y una primera fase de petrdleo crudo;

formar una segunda emulsién, de modo grande, combinando la fase

de agua y una segunda fase de petréleo crudo;

combinar la emulsién de modo pequefio, la emulsion de modo

grande y la fase de agua formando de este modo la emulsién bimodal.

20. El método de ia reivindicacion 19, en donde la emulsién bimodal tiene una
relacién de tamafio de gota grande a tamafio de gota pequefio en un rango

de aproximadamente diez a aproximadamente quince.
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