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The present application is a continuation-in-part of our 
copending application Serial No. 64,574, filed October 
24, 1960, now abandoned. 

This invention relates to a more efficient and effective 
electrical method and apparatus for treating dispersions 
in which small particles are dispersed in an oil that is 
relatively nonconductive as compared with the particulate 
material. The dispersions may be such that most of the 
particles would settle by gravity if given sufficient time 
or they may be more permanent dispersions or emulsions 
from which the particles will settle very slowly or not 
at all. 

In known processes and equipment for electrically 
resolving such dispersions great difficulty has been en 
countered in producing treated oils containing only small 
amounts of residual dispersed material. Only in recent 
years and by use of smooth-flow treaters employing uni 
directional electric fields has it been possible on some 
dispersions to reduce the residual material to a few 
thousandths or a few hundredths of a percent. On other 
dispersions reductions only to about .5–1% are possible 
in older equipment. By the present invention used on 
the same dispersions it becomes possible to produce 
treated oils containing only a small fraction of such 
residuals, usually one-half or one-fourth or less and 
often only a few parts per million. In some instances 
complete removal (within the limits of accuracy of the 
usual analytical methods) of the dispersed phase can 
be achieved. 
The invention contemplates an improvement in the 

older commercial process of electrically resolving oil 
continuous dispersions wherein the dispersion flows longi 
tudinally along relatively short interelectrode treating 
spaces of relatively small length-to-gap ratio between 
pairs of plate electrodes or large multiple concentric 
cylindrical electrodes while there is an electric field of 
high voltage gradient in the interelectrode treating spaces, 
the improvement being characterized by advancing the 
dispersion longitudinally along a much longer intereiec 
trode treating space of much larger length-to-gap ratio be 
tween the inner wall of a long and narrow cell forming an 
outer electrode and a long inner electrode near the central 
axis of the cell while there is between such outer and 
inner electrodes a unidirectional high-voltage electric field 
acting upon the dispersed particles of the dispersions. In 
many commercial forms the invention contemplates di 
vision of the dispersion into a number of small streams 
flowing longitudinally through respective cellular passages 
of a cellular electrode each having its own high-voltage 
inner electrode. 

It has now been found that the length of the treating 
field in smooth-flow treaters has an unexpected effect on 
the treating effectiveness, particularly where the field is 
relatively narrow in all directions transverse to the flow. 
Quite unexpected results have been found to flow from 
the use of relatively long cellular passages particularly 
at higher applied voltages. These results are evidenced 
by substantially less residual material in the effluent oil, 
production of haze-free oils, substantially higher through 
put capacities and lower treating costs. Further the 
treaters of the invention give more stable operation and 
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can be made much smaller than existing smooth-flow 
treaters. On light oil dispersions such as petroleum 
distillates that have been treated with an alkali the in 
vention effects an improvement of the order of ten fold 
or more as compared with the older treatment, evidenced 
by a greater throughput while producing a treated oil 
containing about the same residual dispersed material, 
by a treatment producing a lower residue of dispersed 
material at about the same throughput or in most in 
stances by a lower residue at a very much higher through 
put. 

Dispersed particles of an oil-continuous dispersion can 
be acted upon by a high-voltage unidirectional electric 
field to coalesce or electrophorese them. Coalescence 
or agglomeration brings the particles together into larger 
masses that settle from the oil. Electrophoretic actica 
moves the particles toward one or both the electrodes 
aiong paths therebetween and may induce deposition 
on one or both electrodes or coalescence of particles 
migrating in such paths. The coalescing and electro 
phoretic actions are influenced in part by the relative 
areas, curvature and the polarity of the electrodes bound 
ing the treating space, the electric field being more con 
centrated adjacent the electrode of small area or higher 
curvature. The population density of the particles is an 
important factor in determining whether separation of 
the dispersed particles will proceed predominantly by 
coalescene or agglomeration, or by electrophoretic deposi 
tion. Where the population density is relatively high 
the action of the electric field will be predominantly 
one of coalescence in situ in the oil, if the dispersed 
particles are liquid, particularly as concerns the larger 
particles. In the case of dispersed solids, agglomeration 
in situ may also occur along with electrophoretic deposi 
tion. When the population density is relatively low the 
electrophoretic action usually predominates in both cases. 
In order to simplify the description following, the nomen 
clature usually applicable to emulsions will be used but 
it is understood that, in the case of solids, agglomera 
tion instead of coalescence may occur, although the 
electrophoretic movement of the solids will be qualita 
tively similar to that of the dispersed liquid particles. 
The invention contemplates use of electrodes of Suf 

ficient length and sufficiently large length-to-gap ratio 
that the treating actions will be predominantly by coa 
lescence and electrophoresis in successive sections of the 
interelectrode space under the field patterns present in 
the one or more cells employed. Stated in other words 
the invention contemplaes an initial predominantly 
coalescing or agglomerating treatment within or ahead 
of a first portion of the interelectrode space followed 
by a subsequent predominantly electrophoretic treatment 
in a later portion of the same cell. Once the popula 
tion density is reduced to a low value the electrophoretic 
action is counted on to produce a clean-up treatment that 
reduces the residual amount of dispersed material to 
values many fold less than with the aforesaid older 
commercial treaters employing parallel plate or multiple 
concentric cylinder electrodes. It is generally desirable 
that the electrode at which the gradient of the electric 
field is lower, e.g. the outer electrode of a cell, should 
be of such polarity that the particles tend to migrate to 
ward it. 

Turbulence is also a factor in determining the effective 
ness of coalescing and electrophoretic actions. Turbu 
lence may be a purely hydraulic turbulence induced by 
flow or may be induced by movement of the particles in 
the oil as a result of the electric field, being in this latter 
respect a function of the population density. From what 
ever source, turbulence may aid in coalescence by bring 
ing particles into contact or closer together to be coalesced 
by the action of the electric stress. However turbulence 
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is detrimental in electrophoretic separation of the parti 
cles. The long electrodes of the invention damp out hy 
draulic turbulence in the electrophoretic section of the 
interelectrode space and electrically induced turbulence 
in such section is very small because the population den 
sity is low. 
From purely hydraulic considerations prior commer 

cial treaters with parallel plate or multiple concentric 
cylinder electrodes do not always produce the desired re 
sults at economically desirable rates. Close spacing of 
such electrodes tends to damp out local circulations or 
eddies tending to form because of forward flow of the dis 
persions but only those in planes that are parallel both 
to the flow direction and to the lines of force of the elec 
tric field. Such circulations or eddies tend also to be 
established in planes that are parallel to the flow direc 
tion but at right angles to the lines of force and with the 
aforesaid multiple concentric cylinder or parallel plate 
electrodes there are no close electrode surfaces to impede 
the latter circulations, such circulations being in planes 
parallel to the electrode surfaces. The one or more cel 
lular spaces of the invention largely damp out the latter 
circulations or eddies as well as those earlier mentioned. 

In vertical spaces between parallel plate or concentric 
cylinder electrodes any thermal disturbances upset the 
desired equal velocity of the dispersion in all the spaces. 
For example a localized difference in temperature in Such 
laterally unrestricted spaces slows or accelerates flow in 
a localized path as compared with laterally displaced 
paths. As a further example, if in a treater of the older 
type the flow of the dispersion is switched from one tank 
to another tank which is at a somewhat higher tempera 
ture it will not only cause turbulence or rolling but will 
tend to channel selectively into some of the treating spaces 
of the treater, causing a decreased upward flow in other 
treating spaces or even a temporary down flow therein. 
Treatment in the one or more cells of the invention sub 
stantially prevents this differential flow and gives a much 
more stable operation. 

Likewise unequal hydraulic flow, thermal effects and 
the electro-hydraulic effects to be discussed tend to estab 
lish long circulations in an upright interelectrode space, 
e.g. a tendency toward an upward flow adjacent one elec 
trode from end to end thereof and a corresponding down 
ward flow adjacent the other. Even if the upwardly ad 
vancing dispersion stream prevents an actual down flow 
the force tending to induce it slows a localized portion 
of the stream adjacent one electrode and tends to estab 
lish swirling in the field. Such actions are sometimes 
localized or more pronounced in one longitudinal zone 
adjacent an electrode than in a laterally adjacent longi 
tudinal zone, tending likewise to create circulations adja 
cent the electrode itself. The one or more long cellular 
electrodes of the invention offer additional insurance 
against such long or local circulations due both to in 
creased length of the interelectrode space and to the con 
finement of the dispersion in all lateral directions. 

In the accompanying drawing FIG. 1 shows typical 
characteristic treating curves of the new and old treaters. 
FIG. 2 illustrates electro-hydraulic effects in the end por 
tions of a treating field. FIG. 3 is a longitudinal section 
all view of a typical treater embodying the invention, FIG. 
4 being a cross-section taken as indicated. FIGS. 5, 6 and 
7 show alternative cellular patterns. FIG. 8 is a longi 
tudinal sectional view of an alternative treater, FIG. 9 
being a cross-section taken as indicated. FIGS. 10 and 
11 illustrate alternative inlet arrangements. FGS. 12 
and 13 are graphical representations of the operation of 
the invention and critical characteristics thereof. 

Electro-hydraulic effects at the end portions of an 
interelectrode space are illustrated diagrammatically in 
FIG. 2 in which a central high-voltage electrode a is dis 
posed between electrodes b and c that are at ground 
potential, the dispersion entering through e and flowing 
successively through entrance end zone f, intermediate 
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zone g and exit end zone h, the interelectrode space being 
composed of an entrance portion f', an intermediate por 
tion g’, and an exit portion h". The electrode a may be 
considered as a cylindrical electrode between cylindrical 
electrodes b and c, these electrodes being considered as 
shown in section, or the electrode a may be considered 
as a rod between opposite sections b and c of a tubular 
electrode of circular or other cross-section. 
The field pattern of the high-voltage electric field is 

necessarily different in end zones f and h and portions f' 
and h' as compared with the intermediate zone of portion 
g and g', due to the edge effects in the former which con 
centrate the field near edges or ends of an electrode. 
Considering electrical phenomena alone, the dispersion 
issuing from e, being normally of higher dielectric con 
stant than the surrounding partially-treated liquid, dis 
places the latter and is attracted into the zone of higher 
voltage gradient adjacent the end of a. It has been found 
that this and the sideward electric blast action from a 
near the end thereof tend to establish ring-like circula 
tions i which in turn establish lesser circulations i' and j' 
within the interelectrode space. The field at the end of 
a coalesces some of the dispersed particles into larger 
masses which settle out but the turbulence created by 
the field, exemplified as circulations i, i' and j', are detri 
mental to the desired smooth flow in the intermediate por 
tion g'. Such turbulence rises to greater heights in the 
interelectrode space as the applied voltage is increased. 
These effects are superimposed on turbulence in the en 
trance end zone f due to hydraulic action alone. The 
resulting electro-hydraulic turbulence is a limitation on 
the effectiveness of smooth-flow treatment in the inter 
mediate portion g’. 
The edge effect in the exit end zone h is somewhat dif 

ferent, being dependent both upon the field pattern and 
the dispersion flowing from the exit end, particularly the 
population density, particle size and character of the 
residual dispersed material that has not been treated out 
in the intermediate portion g’. It has been found that 
the field pattern at this end zone h also creates turbulence 
in a zone indicated by the dots of FIG. 2 and that this 
turbulence extends progressively downward in the inter 
electrode space as the applied voltage and the population 
density increases. It has been found that turbulence from 
such electrohydraulic effects in the exit end zone can be 
minimized and made much less than in existing treaters 
if the effluent oil contains only minute amounts of resid 
ual dispersed material. 
The full-line curve k of FIG. 1 is the known charac 

teristic treating curve of a conventional electric treater, 
illustrating the effect on carryover (the amount of residual 
dispersed material remaining in the treated oil), plotted as 
ordinates, when the applied voltage gradient, plotted on 
the abscissae scale, changes. Curve k is typical of an 
electric treater having multiple concentric cylindrical 
electrodes or parallel plate electrodes energized by a 
variable source of unidirectional potential, the electrodes 
being spaced 3 inches apart and providing interelectrode 
Spaces 15 inches long, this being substantially the long 
est spaces commonly used in commercial treaters of this 
type. As voltage is applied to the treater, treatment pro 
gressively improves with increased gradient to k'-k' but 
then deteriorates rapidly as indicated by the upward sweep 
of the curve beyond this optimum region, the curve k 
having a relatively narrow base near k'-k'. With the 
Same dispersion passing through a cell-and-rod system 
having an interelectrode space 3 inches wide and 15 
inches long, the forward flow being at the same rate, the 
characteristic treating curve will be about the same but 
the treater will be much more stable under changing 
conditions of temperature, flow rates and other sources 
of hydraulic disturbances. 
The rise in the curve k beyond k'-k’ has heretofore 

been thought to be the result of electric dispersion of the 
dispersed material due to the increasing voltage gradients 
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adjacent one or both electrodes and no way has hereto 
fore been found to eliminate this rise. The present inven 
tion is based to a large extent on the discovery that by 
using a cellular electrode and increasing the length of the 
interelectrode spaces the shape of the characteristic treat 
ing curve changes quite unexpectedly. For example, with 
the same cell-and-rod electrode system mentioned above 
and with all other conditions the same with the excep 
tion that the interelectrode spaces within the cells are 
made 24 inches long, the characteristic treating curve is 
changed to dot-dash curve in which not only has a mini 
mum much lower than k but which usually reaches its 
minimum at a substantially higher applied voltage gradi 
ent as suggested at n'-m'. Likewise if conditions are the 
same and the interelectrode spaces within the cells are 
made about 40 inches long the characteristic treating 
curve will be as represented by the dot curve in which 
reaches an even lower minimum at n'-n' at an even high 
er applied voltage gradient. 

It will be noted that the curves m and n have a much 
broader base than the curve k of the older process, evi 
dencing that near-minimum amounts of residual material 
can be obtained over a wider range of applied voltages 
or voltage gradients. This is a characterizing feature 
of the invention even in these instances in which the 
minima m'-m' and n'-n' of curves like in and n are 
closer to or about the same as k'-k' as is true in some in 
stances. The same is true in starting with a dispersion 
of lower content of dispersed material which when 
treated in accordance with the invention will often pro 
duce a curve o indicated by circles and which extends 
substantially parallel to the abscissae axis with little or 
no rise with increasing applied voltage gradients within 
the ranges currently tested. It will thus be seen that 
Substantially better treatment results through use of cel 
lular electrodes when operated in a range considerably 
higher than the k'-k' value. 

In most instances, such for example as in the treat 
ment of petroleum distillates with alkaline solutions, the 
minima of the characteristic treating curves of conven 
tional parallel-plate or multiple concentric cylinder com 
mercial treaters fall in the range of 3-6 kV./inch. How 
ever with the long cellularized electrodes of the inven 
tion the minima are often at applied voltage gradients 
at least twice as high as they would be with the older 
treaters. Since the treating forces increase approximately 
as the square of the applied voltage gradient the improved 
treatment with the cellular electrodes thus results in con 
siderable measure from the higher optimum voltage gradi 
ent which can be applied with this system. 
The curves k, m and n of FIG. 1 are all at the same 

forward velocity of the liquid in the interelectrode space. 
Even with substantially higher forward velocities through 
the longer cellularized electrodes the curves m and n will 
have minima substantially below that of curve k and at 
values of applied voltage the same as or higher than 
k'-k'. For example approximately doubling the rate of 
advancement along the interelectrode space under the con 
ditions of curve n will shift the rise of the curve only 
to that approximated by the dot curve p, evidencing a 
many fold increase in treating effectiveness even at high 
er throughputs as compared with the older processes. 
The time in the field depends on the forward velocity 

but it is often found that treating results are better even 
if the time in the field when using the long cellular elec 
trodes is less, compared with the time in the field of curve 
k resulting from use of conventional electrodes. To fur 
ther illustrate this, a test was made under comparable 
conditions and at optimum voltage gradients to compare 
the performance of (I) a treater of a type conventionally 
and widely employed commercially, having concentric 
cylinder electrodes providing an electric field 15 inches 
long and 3 inches wide, (II) a treater with a cellular ar 
rangement having a field also 15 inches long and 3 inches 
wide, and (III) a treater with another cellular arrange 
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6 
ment having a field 3 inches wide but 40 inches long. 
The results of those particular tests were as follows: 

Upward Time in Carryower, 
velocity field (min.) (p.p.m.) 
(infinin.) - 

Treater I 4.4 3.4 16.8 
Treater II 4.0 3.8 9.6 
Treater III. 4.0 2.8 .56 

It can readily be seen that with 3% times greater up 
ward velocity and about 30% less time in the field, the 
longer cellular electrode produced carryovers that were 
only 40 as much as the other arrangements, and prac 
tically perfect from a commercial standpoint. Further 
more the effuent from treater III was perfectly clear, 
whereas the others were unsatisfactorily cloudy. This 
also indicates that the long cellularized electrodes have 
much greater throughput capacity and that treaters thus 
equipped can be made smaller and cheaper than if 
equipped with the older multiple cylinder or parallel 
plate electrodes, thus being commercially far Superior. 
As another example of the highly beneficial effect pro 

duced by increasing the electrode length, a kerosene-water 
stream was treated in an 8 inch cellular electrode system. 
employed with 2 inch rods of different length at an up 
ward flow velocity of 30 inches/minute. With an inter 
electrode treating space or rod length of 15 inches the 
system produced an oil having a carryover of 36 p.p.m. 
of water whereas with an interelectrode space 48 inches 
long the electrode system carried over only 0.5 p.p.m. 
This is a dramatic improvement in efficiency which is 
highly desirable for commercial use. In addition, the first 
strean was very turbid and that from the long electrode 
system bright and clear. Because of consumer resistance 
to cloudy oils the improved commercial acceptability of 
the clear product is obviously a great economic advantage 
to the refiner. Attempts to obtain a clear oil with the 
shorter 15 inch interelectrode space by reducing the rate 
of flow were fruitless, and even at only a 6 inch per min 
ute vertical rise a 3 p.p.m. carryover and a cloudy oil was 
still obtained. This clearly demonstrates, as did the ex 
ample above, that time in the field is not the crucial cri 
terion for determining the effectiveness of the electric 
treating system but that the electrode configuration itself 
must be fully taken into account because of the other dis 
turbing effects such as the electric pumping, windage, etc. 
mentioned above. 

In general, the invention contemplates that each cell 
shall be of sufficient length in the flow direction to pre 
vent the electro-hydraulic turbulence in end zones f and 
h from pervading or meeting in the interelectrode Zone g. 
The interelectrode space is made long enough that the 
electro-hydraulic turbulence in its end portions f' and h' 
are separated by an intermediate portion g’ in which the 
dispersion advances smoothly and in substantial laminar 
flow. In these ways, and particularly at the higher ap 
plied voltage gradients between k'-k' and n-n' of FIG. 
1 or beyond n'-n', the treatment in intermediate portion 
g' is effective in removing so much of the dispersed ma 
terial by coalescence and electrophoretic effects that the 
electro-hydraulic turbulence in the exit end Zone h is 
minimized and becomes negligible. In this connection the 
present invention reduces the residual dispersed material 
in the effluent oil from two to ten-fold or more as com 
pared with prior commercial treaters. For example, on 
distillate dispersions it is not uncommon to produce ef 
fluent oils of 40 p.p.m. (parts per million) with the older 
electrodes and 2-10 p.p.m. with the cellular electrodes of 
the invention under the same conditions of flow and with 
the same dispersion. When it is required that carryovers 
of less than one p.p.m. be produced and when a bright 
oil is required the cellular system of the invention can 
often meet such requirements when it is impossible to do 
so with the older electrode types. 
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Large throughput treaters preferably include a cellular 
electrode structure occupying substantially the entire cross 
section of an electrode zone of a flow passage and pro 
viding a plurality of the aforesaid long cells extending 
side-by-side in the direction of flow of the dispersion. 
Each cell provides a tubular passage with an inner elec 
trode of opposite polarity, forming between the cell walls 
and the central electrode an annular treating space. The 
walls of the cell passages are desirably smooth-Surfaced 
as it is desirable that at least the outer electrode surface 

5 

IO 
should have a smooth surface to avoid protuberances or 
projections transverse to the flow direction that would 
tend to concentrate the electric field or destroy laminar 
flow. It is desirable that the electrodes should be free of 
dielectric coatings so that the dispersion bridges the elec 
trode surfaces. 

Each cell is of a length that is from 2-10 times or more 
the length, measured in the direction of flow, of conven 
tional electrodes used in commercial emulsion resolving 
processes. The cells or tubular passages of the invention 
for best operation are usually of a length of about 24-120 
inches. Improvements become marginal as the length of 
the interelectrode treating space or of the tubular elec 
trode are increased above about 100-120 inches and 
lengths above about 120 inches are not of practical signif 
icance for this type of treating system. 
The effect of electrode length on carryover, measured 

at the voltage which gave the lowest carryover for each 
system, at different forward velocities in the field is illus 
trated in FIG. 12. The results here shown are with outer 
electrodes or cells of 8 inch inside diameter and inner 
electrodes of 1 inch external diameter used on a disper 
sion of water in kerosene produced in the water washing 
of a kerosene stream. Curve B shows results at a forward 
velocity of 30 inches/minute. It is clearly seen that com 
plete removal of the dispersed phase is obtained when the 
interelectrode space was about 50 inches long but that with 
shorter lengths increasingly higher carryovers were ob 
tained. Curve C illustrates the test results when the for 
ward velocity was reduced to 20 inches/minute and shows 
that a length of about 36 inches was sufficient to give 
complete removal. Curve A shows the results when the 
forward velocity was increased to 52.5 inches/minute and 
indicates the much longer interelectrode spaces required 
to reduce the carryover to small values. Curve A also 
illustrates the marginal results from increasing the length 
above about 100 inches on this kerosene-water system. 
Dispersions that are more difficulty treatable require longer 
cells or interelectrode treating spaces for the low carry 
overs suggested in FIG. 12. At forward velocities less 
than the 20 inch/minute of curve C it becomes impos 
sible to produce zero carryovers under the conditions of 
the above runs even through the residence time in the in 
terelectrode space is greater. If the length of the cellular 
interelectrode space is too short the time in the field be 
comes of no controlling significance and even extremely 
long residence times will not produce the low carryovers 
evidenced by the lower portions of curve C. If the same 
dispersion is treated at such lower forward velocities of 
less than 20 inches/minute in conventional treaters be 
tween concentric cylinder or parallel plate electrodes it is 
likewise impossible to obtain the low carryovers evidenced 
by the lower reaches of curve C. 
The width or distance across each cell passage will 

usually range from about 2-12 inches, sometimes as high 
as 16 inches and even up to 18-24 inches in some in 
stances. With cross-sections greater than 12-16 inches 
convection and turbulence factors often become trouble 
some and often tend to cause arcing at the desirable high 
voltage gradients, which factors reduce the efficiency 
of the treating system. The number of cells or passages 
employed will depend on the throughput desired and while 
a single cell treater can be used to treat a relatively small 
stream up to several hundred barrels per day the 
capabilities of the invention are best utilized in multi 
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cell treaters often containing five cells or more up to 
several hundred. The size and number of cells are usual 
ly related to the size of the treater. 
The inner electrodes within the cells are commonly 

rods of solid or hollow cross-section. The specific diam 
eter thereof is not particularly critical. Rods ranging in 
diameter from about 4 inch to a large fraction of the 
width of the passage are usable. Rods of a diameter 
less than about 4 inch are not nearly as effective in the 
invention and their use is not desirabie if high-efficiency 
treatment is to be achieved. The inner electrodes are de 
sirably centered in the cells but small deviations from 
this central position will not destroy the effectiveness of 
the treatment. 

In most instances the cells will be oriented vertically 
and the rods will be hung centrally therein. In this way 
all of the rod electrodes will be parallel with respect 
to the individaul cells. However other electrode sup 
ports can be employed and will be required if the pas 
sages of the cellular electrode are inclined or substantial 
ly horizontal. 

Interelectrode treating spaces of a length: gap ratio that 
is at least in the range about 8:1-30:1 can be employed. 
In commercial practice the ratio is preferably in the 
range of about 12:1-25:1. 
With the treaters of the invention the forward velocity 

of the dispersion in the electric field within the one or 
more cells will be at least several inches per minute, 
e.g. at least 4 inches per minute, with heavier, oils such 
as crude oils or lubricating oils, and normally 10 inches 
per minute or higher for lighter oils, such as gasoline 
and kerosene, velocities up to 50 inches per minute or 
more being practical with many of these lighter oils. 
These forward velocities are to be compared with maxi 
mum velocities in the neighborhood of a fraction of an 
inch per minute with heavier oils and about 5-6 inches 
per minute for the lighter oils when treating such oils in 
treaters with electrodes of conventional types. With the 
treaters of the invention voltage gradients of about 6-30 
kv./inch or more are commonly used, voltage gradient 
figures expressed in kv./in. being the voltage in kilovolts 
between the opposed electrodes divided by the gap width 
therebetween in inches. 
The above discussion has considered the use of circular 

cells with concentric rod electrodes, but the shape of the 
outer electrode is not particularly critical, and may be 
in the form of a square or hexagonal cross section etc. 
We have found that these various sections are usually 
not quite as effective as the circular ones but that the 
differences are small and can usually be quite negligible 
for commercial purposes. Such small deficiencies can 
be compensated for by increasing the number of cells 
used or decreasing the forward flow velocities slightly 
etc. For purposes of the graphs and illustrations given, 
the square or hexagonal sections can be considered as 
circles having the same cross sectional area. 
With cells that are circular, square or hexagonal in 

cross section best results will be obtained when the inner 
and outer electrodes have a form factor F of at least 
about.8 and preferably between about 8 and .98 in the 
following equation: 

2(R-R) 1/2 re, log.((...) 
where R is the radius of the inner wall of a circular 
outer electrode or a circle having the same area as the 
interior cross section of a square or haxagonal outer 
electrode, and R is the radius of the inner electrode. 
Some of the numerous factors which enter into the 

consideration of optimum performance of this cellular 
type of electrode structure are best illustrated by reference 
of FIGURE 13. In this particular illustration the carry 
over is plotted as ordinates in terms of parts per million, 

(A) 
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the abscissa scale showing the gap in the electrode sys 
tem as a percent of the outer electrode radius. Curve 
A shows the relationship between this gap ratio and the 
carryover obtained in the cell electrode system, which in 
this particular system had an outer electrode diameter of 
8 inches and a length of 48 inches. The carryover was 
measured at the voltage which gave the lowest results 
for each inner electrode diameter. The vertical flow rate 
in this case was 30 inches/minute for all the tests, and 
the best runs gave a carryover of only a few tenths of a 
part per million in the region in which the gap ratio was 
between 40 and 80%. As the inner electrode diameter 
became smaller (increasing gap ratio) the carryover 
gradually rose until about the 95% figure it became quite 
high and therefore commercially unattractive. The reason 
for this is ascribable to the fact that for any particular 
voltage applied between the electrodes the gradient at the 
smaller electrode begins to become very high as its 
diameter gets very small. This high gradient causes dis 
persion of droplets from the electrode surface which then, 
because of their reduced size, can be carried through the 
treating zone before they can be redeposited on the walls 
or recoalesced. Consequently very small electrode diam 
eters are to be avoided and we prefer to operate with 
a maximum gap ratio of about 95%, and preferably about 
85% in order to obtain maximum efficiency. Beyond 
the 95% ratio the treater operation becomes erratic and 
undesirable from a commercial standpoint. 
On the other hand, as the inner electrode became 

larger, the electrode gap and the gap ratio becoming 
smaller, there is also an increase in carryover. At first 
blush it would seem that the carryover should remain 
low with increasing electrode diameter, as indicated by 
the dotted line B, since the field becomes more uniform. 
It has been discovered however that there is a critical 
gap distance below which the treater system shows de 
creasing effectiveness in removal of the dispersed ma 
terial. This critical distance depends somewhat upon 
the nature of the dispersed matter. It cannot be ex 
pressed accurately as a gap ratio figure but can be gen 
erally expressed as an absolute distance. We have found 
that a gap below about 4 inch shows disturbing effects 
and we prefer gaps that are at least about one inch. 
The percentage of open area represented by a cell 

electrode system with varying electrode gap ratios is 
shown by the curve C of FIGURE 13. It will be obvious 
that in order to utilize the maximum area and therefore 
obtain the highest efficiency, it is desirable to operate in 
the right-hand portion of the curve C. 

Curve A of FIG. 13 is shown for a system which gave 
a very low carryover under best conditions at a forward 
velocity of 30 inches/minute. When the rate was de 
creased to 20 inches/minute the resulting data were 
plotted as shown in dotted-line curve D-D. In other 
words, complete removal of the dispersed phase was pos 
sible between gap ratios of 25 and 85 at this rate. If 
the velocity is increased above 30 inches/minute curve A 
is merely transposed to higher values of carryover, gen 
erally still maintaining this characteristic shape. 
When the tests were made with all conditions identical 

except that the length of electrode was 15 inches instead 
of 48 inches, the results of curve E were obtained. This 
shows the very real and important factor which the elec 
trode length plays in obtaining the new results of the 
practice of this invention. The rapid rise of the carry 
over in the right-hand portion of the curves A and D-D 
of FIG. 13 can be ascribed to the adverse effects of a low 
form factor (high local gradients at the center electrode) 
and it is therefore desirable to operate with electrode 
diameter ratios in which F is as high as possible, prefer 
ably above 0.8, taking into account however the adverse 
effect of gaps smaller than /2 inch, as previously 
pointed out. 
The attached drawing suggests various commercial 

embodiments. In the embodiment of FIGS. 3 and 4 an 
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10 
upright cylindrical container 10 forms an upright passage 
the cross-section of which is substantially completely 
occupied by a cellular electrode 12 disposed between 
upper and lower zones 3 and 14 of the container. The 
cellular electrode 12 provides a multiplicity of hexagonal 
cells 16 arranged in close proximity each with a rod elec 
trode 17 depending therein. The rod electrodes may be 
suspended from hooks 18 depending from a foraminous 
structure 19 electrically insulated from the container i0 
and connected to one terminal of a high-voltage source 
of unidirectional potential 20, the other terminal being 
grounded and thus electrically connected to the cellular 
electrode 12. 
The dispersion to be treated is caused to flow longitu 

dinally along annular treating spaces 22 within the cells 
around the rods, entering an end portion 23 of each cell, 
flowing smoothly and substantially nonturbulently along 
an intermediate portion 24 and exiting adjacent an end 
portion 25 adjacent the exit end of each cell. The 
coalescing section in which treatment is predominantly 
one of coalescence starts below the rod electrodes and 
occupies a part of the intermediate portion 24. The 
electrophoretic section is here the upper or remaining 
part of the intermediate portion 24 wherein treatment is 
predominantly the result of electrophoretic effects. The 
purified oil is withdrawn at 26. 

Substantially equal increments of the incoming disper 
sion should enter and flow along the respective treating 
spaces 22. In the arrangement of FIG. 3 the incoming 
dispersion in pipe 28 is divided by a manifold system 29 
into a plurality of substantially equal streams which dis 
charge directly into the cells at positions above the lower 
ends thereof through open-ended pipes 30. Spreaders 31 
may be mounted above the open ends of the respective 
pipes. 
The streams rising in the individual cells are first sub 

jected to the electric and electro-hydraulic effects in and 
below the end portion 23 wherein considerable coales 
cence of the dispersed particles takes place to such an 
extent that the stream advancing along the intermediate 
portion 24 contains residual dispersed particles in sub 
stantially decreased population density. The high-voltage 
electric field in the upper section of the intermediate 
portion 24 acts on the smooth-flowing dispersion by 
electrophoretic action, this intermediate portion 24 being 
sufficiently long and the applied voltage sufficiently high 
that the treated oil entering the exit portion 25 contains 
only very little residual dispersed material so that the 
electro-hydraulic action in the end portion 25 has sub 
stantially no redispersive effect and creates a minimum 
of turbulence. The coalesced or electrophoresed dis 
persed-phase material progressively settles through the 
rising streams and collects as a body 32 from which the 
material is withdrawn under the control of a valve 34. 

It is often advantageous to extend the cellular electrode 
12 into this body 32, e.g. to maintain the level of the 
body at a position L-L above the lower ends of the cells. 
This can be accomplished by a level control device 35 
operatively connected to the valve 34 as suggested by the 
dotted line 36 to maintain the bottoms of the open cells 
constantly submerged in the heavier liquid of the body 
32. This liquid thus forms a hydraulic seal between ad 
jacent cells and between the outermost cells and any por 
tions 38 of the interior of the container not occupied by 
the hexagonal cells, which portions can then be left open 
at top and bottom. By suitable distributor design and 
adjustment, it is thus possible to feed the same amount 
of emulsion to each cell, thus avoiding any differential 
flows therein such as might otherwise occur because of 
thermal or hydraulically induced currents in conventional 
cross-pipe distributor arrangements. Adequate results 
can be obtained under some conditions by maintaining 
the level at a position L-L below the bottoms of the 
cells, as by associating the operative connection 36 with 
a lower-positioned control device 35". Flow of the en 



tering dispersion into unoccupied portions 38 can then 
be avoided by extending the pipes 30 a considerable dis 
tance into the respective cells or the tops of these un 
occupied portions 38 can be blocked off. 
The treaters of the invention operate best if the dis 

persion entering the entrance ends of the interelectrode 
spaces contains only a relatively small amount of dis 
persed material, usually less than about 0.5%, although 
they are operative and give improved results over existing 
treaters with dispersions having larger amounts of dis 
persed material. In many instances improved results and 
economies in treater design can be achieved if some of the 
dispersed material is first preliminarily separated, such as 
by flow through an electric treater 49 which may be a 
high-turbulence treater in which the dispersion is dis 
charged outwardly between edges of upper and lower elec 
trodes 4 and 42 energized by a high-voltage transformer 
43. As an example, a kerosene-water mixture was treated 
in a cellular type treater at a very high velocity of 35 
inches/min., a velocity about six times that used in older 
commercial treaters of the multiple concentric cylinder or 
parallel plate type when treating the same dispersion. 
When the water content of the emulsion discharging into 
the cell was 7.5%, an overhead carryover of 38 p.p.m. of 
water occurred at the optimum voltage gradient. When 
the water content of the emulsion was reduced to 0.5%, 
the carryover was 11 p.p.m. and when reduced to 0.1%, 
it was 5 p.p.m. As another example a light catalytic cycle 
oil mixed with 6% strong caustic solution produced a 
treated oil containing 2 p.p.m. carryover when advancing 
at a rate of 20 inches/min. in a cell 8 inches square hav 
ing an inner electrode 2 inches in diameter at a gradient 
of 13.5 kV./inch. When the incoming dispersion con 
tained only about .5% dispersed material the treated oil 
contained only about 0.3 p.p.m. at 20 or 30 kV./inch even 
at a rate of 39 inches/min., the characteristic treating 
curve being similar in shape to curve o of FIG. 1. 
The cellular passages may be circular, oval, triangular, 

square, rectangular, polygonal or arcuate in cross-section. 
If rectangular, it is desirable that the longer dimension of 
each cell in any cross-sectional plane should not be more 
than about twice the shorter dimension thereof in order 
to block effectively the aforesaid circulations in planes 
transverse to the lines of force. It is desirable that the 
longest distance from the center of each passage in any 
cross-sectional plane thereof measured to the cell wall 
have a ratio between 1:1 and about 2.5:1 with respect to 
the shortest such distance. FIG. 5 shows a pattern of 
square cells that is often advantageous. Regardless of 
shape, the cells may be tubes or may be a part of a built 
up unit. FIG. 6 shows circular cells made of tubes in con 
tact with each other and FIG. 7 shows such tubes with 
peripheries slightly spaced in which event the unoccupied 
spaces 38 may be closed by headers supporting the tubes. 
The closely packed cells of any of the described arrange 
ments occupy Substantially the complete cross-sectional 
area of the container passage in which they are posi 
tioned. Any unoccupied spaces 38 between the cells or 
between the outermost cells and the container constitute 
cell-blanketing spaces thermally insulating the cells in 
which the main treatment takes place. 

in the embodiments of FGS. 8 and 9 the cells of the 
cellular electrode 12 may have any of the previously de 
scribed Cross-sectional shapes, the unoccupied portions 38 
being closed at the top by a header 46. The entering 
dispersion here discharges at a level below the lower ends 
of the cells through a smaller number of shorter pipes 30 
providing dispersion-discharging orifices respectively be 
low spreaders 31'. The Zone of the treater passage adja 
cent the pipes 30' is divided by barriers 50 into quadrants 
or Smaller sections which may be of sectorial or other 
shape, the discharge into any particular quadrant or sec 
tion being channeled upward by the barriers to a partic 
ular group of interelectrode spaces. The barriers 50 may 
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2 
extend upward to the bottoms of the cells as shown or 
may terminate a short distance therebelow. The inner 
electrodes or rods 7 in this embodiment may terminate 
within the respective cells or at the ends thereof or may 
extend a distance therebelow. In the latter instances pre 
liminary treating fields will be established between the 
rods and the barriers and between the rods and the dis 
tribution system, these fields preliminarily treating the dis 
persion in much the same manner as the electric treater 
40 of FIG. 3. This embodiment has the advantage that a 
lesser number of pipes 30' can be used but one or a plu 
rality of these should discharge into each quadrant or 
Section and should be arranged in such pattern that the 
forward velocity in each of the cells fed by such quadrant 
or section should be substantially equal. The treated oil 
is collected by a network of pipes 51 having a large num 
ber of orifices 52 distributed across the cross-section of 
the treater passage. This type of collector can be used 
in any of the exemplified treaters and serves better than 
the single outlet 26 of FIG. 3 to insure that the streams 
in all cells have substantially equal forward velocity. 

In F.G. 10 the inner electrodes may either extend from 
the ends of the cells as shown or may terminate at these 
ends. The incoming dispersion issues downwardly from 
orifices provided by short pipes 30'. Here may be used a 
preliminary electric treater 40' of the pipeline type hav 
ing a central electrode 55 energized from a high voltage 
transformer 56 and disposed within a pipe 57. In this 
pre-treater 40' the flow is highly turbulent to prevent 
chaining-up of the particles and thus short-circuiting of 
the electrodes. Consequently little if any settling of co 
alesced dispersed material takes place in such a treater. 
However the coalesced material in this instance settles 
in the main treater immediately upon discharge from the 
short pipes 30'. 

In FIG. 11 most of the inner electrodes 17 terminate 
Within the respective cells but an electrode 17’ near the 
center of a group of cells extends downward into the 
quadrant or section defined by baffles 50'. A wider field 
of lower intensity is thus established between the exten 
Sion of each electrode 7 and the adjoining baffles 50', 
this field Serving initially to treat the incoming dispersion 
before it enters the Smaller cells and thus serving some 
what the same function as the treaters 40 and 57. The 
barriers 50' may be extensions of some of the cell walls. 
The foregoing statement of the invention will Suggest 

to those skilled in the art various changes and modifica 
tions which can be made without departing from the spirit 
of the invention as defined in the appended claims. 
We claim: 
1. Apparatus for electrically treating dispersions con 

taining Small amounts of heavier material Suspended in 
oil to remove substantially all of such heavier material 
therefrom, said apparatus including: 

a container providing a lower entrance zone and an 
upper exit Zone spaced from each other in an axial 
direction with an intermediate zone therebetween of 
a height of at least about 24', a major portion of the 
cross-section of said intermediate zone being an elec 
trode zone; 

electrode walls forming a plurality of closely-adjoining 
side-by-side cellular treating passages in said elec 
trode Zone extending in said axial direction having 
entrance and exit ends respectively communicating 
With said lower entrance zone and said upper exit 
Zone and forming the sole communication therebe 
tween throughout the cross-section of said electrode 
Zone, said treating passages being of the same cross 
Sectional size and of an upright length of at least 
about 24', said electrode walls being electrically 
connected together and to said container; 

a plurality of elongated rod-like electrodes and means 
for supporting same substantially centrally in said 
treating passages, said last-named means including 
means for electrically connecting said elongated elec 
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trodes and electrically insulating same from said elec 
trode walls, said elongated electrodes forming with 
said electrode walls interelectrode treating spaces each 
of an upright length of at least about 24' and of 
substantially uniform cross-sectional area at all levels 
between the entrance and exit ends thereof, the ratio 
between such length of each interelectrode treating 
space and the gap between the elongated electrodes 
and their electrode walls being at least in the range of 
about 8:1-30:1; 

a high-voltage source of unidirectional potential con 
nected between said electrode walls and said elon 
gated electrodes for establishing in said interelec 
trode treating spaces high-voltage unidirectional elec 
tric fields of a voltage gradient of at least about 6-30 
kv./inch; 

means for advancing streams of said dispersion along 
said interelectrode treating spaces in a direction from 
said entrance ends to said exit ends thereof inbridging 
relationship with the electrode walls and the elongated 
electrodes thereof, producing a treated oil substan 
tially free of said heavier material issuing from said 
exit ends into said exit zone and producing a body of 
separated heavier material in the bottom of Said 
entrance Zone; and 

means for withdrawing said treated oil from said exit 
Zone and said separated heavier material from the 
bottom of said entrance Zone. 

2. Apparatus as defined in claim 1 in which said major 
portion of the cross-section of said intermediate Zone con 
stitutes the central portion thereof, there being a minor 
portion of said cross-section of said intermediate Zone 
comprising a blanketing space between said container and 
those outermost electrode walls forming the outermost of 
said plurality of treating passages, said space communicat 
ing downwardly at its lower end with said entrance zone. 

3. Apparatus as defined in claim in which each treat 
ing passage is of a cross-sectional width of about 2-16 
inches, in which each of said elongated electrodes is of a 
cross-sectional width of at least 4 inch, and in which said 
gap has a minimum width of /2 inch. 

4. Apparatus as defined in claim 1 in which each treat 
ing passage is a peripherally closed passage of Such cross 
sectional shape that the longest distance between the cen 
ter of such passage in any cross-sectional plane thereof 
measured to the electrode wall thereof has a ratio between 
1:1 and about 2.5:1 with respect to the shortest such dis 
aCC. 

5. Apparatus as defined in claim 1 in which each treat 
ing passage is of a cross-sectional shape selected from 
the class consisting of circular, square and hexagonal 
shapes, each intereiectrode treating space having a form 
factor, defined in equation A of about 8-98. 

6. Apparatus for electrically treating dispersions con 
taining small amounts of heavier material suspended in 
oil to remove substantially all such heavier material there 
from, said apparatus including: 
a deep grid electrode structure having an upright axis 

and long axially-extending electrode walls bounding a 
plurality of closely-adjoining similarly-sized upright 
cellular treating passages having central axes that 
are parallel to and spaced laterally from said upright 
axis with one of said central axes being substantially 
coaxial with said upright axis, said electrode was lat 
erally baffling each treating passage from laterally 
adjoining treating passages, said electrode walls being 
electrically connected together, said treating passages 
extending from end to end of such deep grid elec 
trode structure and being of substantially uniform 
cross-sectional area at all levels between Such ends, 
each treating passage being of an axial length of at 
least 24 inches and of a cross-sectional width of about 
2-16 inches; 

a foraminous framework near but spaced from one 
end of said deep grid electrode, there being means for 
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4. 
electrically insulating said framework from said deep 
grid electrode structure; 

a plurality of vertically elongated rod electrodes each 
of a cross-sectional width of at least 4 inch attached 
to and electrically connected to said framework ex 
tending axially into and along said treating passages 
forming interelectrode treating spaces between the 
outer surfaces of said elongated electrodes and the 
surfaces of the corresponding passage-bounding elec 
trode walls, each interelectrode treating space being 
of an axial length of at least about 24 inches, each 
interelectrode treating space being of substantially 
uniform cross-sectional area at all levels between the 
ends thereof, the ratio between the lengths of said 
interelectrode treating spaces and the gap between the 
electrode walls and the outer surfaces of said elon 
gated electrodes being at least in the range of about 
8:1-03:1; 

a high-voltage source of undirectional potential con 
nected between said electrode walls and said frame 
work for developing in said interelectrode treating 
spaces high-voltage unidirectional electric fields; 

flow means for advancing streams of said dispersion 
at substantially equal upward flow rates upwardly 
along said interelectrode treating spaces in bridging 
relation with the surfaces of said electrode walls and 
said elongated electrodes; 

means below said deep grid electrode structure col 
lecting and withdrawing heavier material separat 
ing from said dispersion; and 

means above said deep grid electrode structure receiv 
ing and withdrawing treated oil from the upper ends 
of said treating passages. 

7. Apparatus as defined in claim 6 in which said gap is 
of a width between about 4 inch and about 95% of the 
radial distance between the center of the corresponding 
treating passage and the electrode wall thereof. 

8. Apparatus as defined in claim 6 in which each treat 
ing passage is of such shape that the longest distance from 
the center of such passage in any cross-sectional plane 
thereof measured to the electrode wall thereof has a ratio 
between 1:1 and about 2.5:1 with respect to the shortest 
such distance measured in such plane. 

9. Apparatus as defined in claim 6 in which each treat 
ing passage is of a cross-sectional shape selected from 
the class consisting of a circular, square and hexagonal 
shapes, each interelectrode treating space having a form 
factor, defined in Equation A of about.8-98. 

10. Apparatus as defined in claim 6 in which said deep 
grid electrode structure comprises a plurality of tubes of 
substantially uniform diameter from end to end, the walls 
of said tubes forming said electrode walls, and including 
means for rigidifying said tubes in side-by-side relation, 
the distance between the walls of adjacent tubes being less 
than the outer diameter of said tubes. 

1. Apparatus as defined in claim 6 in which said up 
right treating passages are immediately adjoining, pairs 
of immediately-adjoining treating passages being separated 
by a single electrode wall therebetween. 

12. Apparatus as defined in claim 6 in which said flow 
means includes means for flowing said dispersion along 
each of said interelectrode treating spaces at a rate of at 
least about 4''/min. for dispersions of heavier oils having 
gravities in the range of crude oils and lubricating oils and 
of at least about 10'/min. for dispersions of lighter oils 
having gravities in the range of gasoline and kerosene. 

13. Apparatus as defined in claim 6 in which said means 
below said deep grid electrode structure includes walls de 
fining an entrance chamber, the lower ends of all of said 
treating passages opening downwardly on said entrance 
chamber, and in which said flow means includes means 
for introducing the dispersion to be treated into said en 
trance chamber at a plurality of positions in a horizontal 
plane relatively close to said lower ends of said treating 
passages. 



5. 
14. Apparatus as defined in claim 13 in which at least 

Some of said elongated electrodes provide lower end por 
tions protruding downwardly below the lower ends of 
their corresponding treating passages, said high-voltage 
Source establishing electric fields adjacent said lower end 
portions electrically treating the dispersion before entry 
into the lower ends of said interellectrode treating spaces. 

15. Apparatus for electrically treating dispersions con 
taining small amounts of heavier material suspended in 
oil to remove substantially all such heavier material there 
from, said apparatus including: 

a deep grid electrode structure made up of electrode 
walls disposed at right angles to each other forming 
a plurality of side-by-side upright treating passages 
each of substantially square and equal cross section 
at all levels between upper and lower ends thereof, 
each treating passage being of a width of about 2-6' 
and of a length of at least about 24', all of said elec 
trode walls being electrically connected together; 

a plurality of elongated electrodes each of a length 
of at least about 24' and of a cross-sectional width 
no less than about 4 inch extending axially into and 
along said upright treating passages, said elongated 
electrodes being electrically connected together and 
forming with said electrode walls interelectrode treat 
ing spaces each of a length of at least about 24', the 
ratio between the actual length of each interelectrode 
treating space and the gap between the elongated elec 
trode and the electrode walls bounding such intereiec 
trode treating space being at least in the range of 
about 8:1-30:1, the distance across said gap being 
no less than about 1/2'; 

a high-voltage source of unidirectional potential con 
nected between said electrode walls and said elon 
gated electrodes; 

flow means for advancing streams of said dispersion at 
substantially equal flow rates upwardly along said 
interelectrode treating spaces in bridging relation with 
the surfaces of said electrode walls and said elongated 
electrodes; 

means below said deep grid electrode structure collect 
ing and withdrawing heavier material separating from 
said dispersion; and 

means above said deep grid electrode structure receiv 
ing and withdrawing treated oil from the upper ends 
of said treating passages. 

16. An electric treater for treating dispersions having 
a continuous phase of oil with small amounts of dispersed 
particles therein consituting a dispersed phase to remove 
substantially all of such dispersed phase material, said 
electric treater including in combination: a grounded tubu 
lar electrode of an axial length of about 24-120 inches 
and a diameter of about 2-16 inches; a rod electrode ex 
tending along the central axis of said tubular electrode 
and cooperating therewith in defining an annular in 
terelectrode treating space of a length of about 24-120 
inches between entrance and exit portions thereof, said rod 
electrode being of a minimum diameter of about /2 inch, 
the length-to-gap ratio of said annular treating space be 
ing at least in the range of about 8:1-30:1, the width of 
said annular treating space between the surfaces of said rod 
electrode and said tubular electrode being between about 
/2 inch and about 95% of the radius of said tubular elec 
trode, means for electrically insulating said rod electrode 
from said tubular electrode; a high-voltage source of uni 
directional potential electrically connected to said tubular 
and rod electrodes, said source establishing a unidirection 
al electric field in said treating space of a voltage gradient 
of about 6-30 kV./inch; walls defining an entrance chann 
ber communicating with said entrance portion of said 
treating space adapted to collect in the bottom thereof a 
body of separated dispersed phase material separating 
from said dispersion in said treating space; means for de 
livering a stream of the dispersion to said entrance cham 
ber at a position above said body and spaced from the 
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end of Said rod electrode, said dispersion flowing from 
said position toward the lower end portion of said rod 
electrode into said entrance portion of said treating space 
for treatment during flow longitudinally along said treat 
ing space to produce a treated oil substantially free 
of residual dispersed particles issuing from said exit 
portion of said treating space; walls defining an exit cham 
ber communicating with said exit portion of said treating 
space and receiving the treated oil therefrom; a treated-oil 
outlet means communicating with said exit chamber for 
withdrawing the treated oil therefrom; and an outlet means 
communicating with said body in said entrance chamber 
for withdrawing separated dispersed material therefrom. 

17. An electric treater as defined in claim 16 in which 
said treating space has a form factor, defined in Equation 
A, of about.8-98. 

i8. An electric treater as defined in claim 16 in which 
said stream delivery means includes means for flowing said 
dispersion along said interelectrode treating space at a 
rate of at least about 4''/min. for dispersions of heavier 
oils having gravities in the range of crude oils and lubri 
cating oils and of at least about 10'/min. for dispersions 
of lighter oils having gravities in the range of gasoline and 
kerosene. 

19. Apparatus for electrically treating dispersions of oil 
in which particles of a material of greater density and 
higher electrical conductivity are dispersed, said apparatus 
including: a container providing entrance and exit zones 
Spaced from each other along an axis, there being an 
intermediate Zone therebetween of an axial dimension of 
at least 24 inches; a plurality of electrically-connected ceilis 
disposed side by side in said intermediate zone, each cell 
being of an axial length at least 24 inches, each cell having 
entrance and exit portions respectively communicating 
with said entrance and exit zones, said cells being of sub 
stantially equal size in width and axial length, each cell 
being of substantially uniform cross-sectional area 
throughout its length; a central electrode in each cell in 
sulated therefrom and providing a treating space there 
within of a high length-to-gap ratio that is at least in the 
range of about 8:1-30:1 and of an axial length of at least 
24 inches, said central electrodes being electrically con 
nected together; a source of high-voltage unidirectional 
potential connected between said cells and said central 
electrodes establishing electric fields in said treating spaces; 
means for fiowing separate streams of the dispersion axi 
ally along said treating spaces from said entrance portions 
to said exit portions, said last-named means including a 
dispersion distributor in said entrance Zone comprising a 
pipe network and a plurality of short dispersion-discharge 
pipes corresponding in number to said cells and having 
end portions respectively extending into the entrance por 
tions thereof; and means for withdrawing treated oil from 
said exit Zone. 

20. Apparatus for electrically treating dispersions of 
heavier material suspended in oil, said apparatus includ 
ing: a container providing a flow passage having upper 
and lower zones adapted respectively to contain separated 
bodies of oil and said heavier material; effluent means 
respectively opening on said bodies to withdraw oil and 
heavier material therefrom; means controlling such efflu 
ents to maintain a level of said body of heavier material 
Substantially a uniform distance above the bottom of said 
container; a cellular electrode having a plurality of side 
by-side cells of Substantially equal cross-sectional area, 
each cell having a lower entrance portion and an upper 
exit portion respectively communicating with said lower 
and upper zones; means for mounting said cellular elec 
trode within said container with the lower ends of said 
cells below said level whereby the body of heavier ma 
terial forms a liquid seal separating the interiors of said 
cells; means for introducing streams of the dispersion into 
said cells; a plurality of long central electrodes in said cells 
forming with the cell walls interelectrode treating spaces 
each of a length of at least about 24', the ratio between 
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such length of each interelectrode treating space and the 
gap between the central electrode and the cell walls being 
at least in the range of about 8:1-30:1; and a high-voltage 
source of unidirectional potential connected between said 
cells and said central electrodes for establishing high 
voltage unidirectional electric fields in said interelectrode 
treating spaces. 
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