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(54) FILTERING PROCESS

(71)  We, GuLF RESEARCH & DEVELOP-
MENT COMPANY, a corporation organised
and existing under the laws of the State of
Delaware, U.S.A., of P.O. Box 2038, Pitts-

S burgh, Pennsylvania 15230, US.A., do
hereby declare the invention, for which we
pray that a patent may be granted to us,
and the method by which it is to be per-
formed, to be particularly described in and

10 by the following statement:—

This invention relates to the refining of
petroleum and more particularly to the
removal of finely divided solid contaminants
from a liquid hydrocarbon feedstock to

15 condition it for treatment in a process
which requircs passage of the feedstock
through a fixed bed of catalyst.

In the refining of petroleum, an initial
step is to distill the petroleum to separate

20 the oil into a number of fractions by virtue
of the difference in their boiling points.
Some of the fractions from the distillations
are further processed by passing them
through fixed beds of catalysts under con-

25 ditions of temperature and pressure, and
frequently in the presence of hydrogen, to
convert the petroleum fractions to products
of higher quality. For example, virgin
naphthas separated from crude oil by

30 distillation may be passed through a pre-
treater containing a fixed bed of catalyst
to remove sulfur and nitrogen compounds
and then through a reformer. Kerosene
and residual oil from the distillation may

35 be subjected to hydrosulfurisation by pass-
ing through a fixed bed of catalyst to pro-
duce jet fuels or fuel oils of higher quality.
Gas oil from the distillation may be passed
through a catalytic cracking unit in which

40 part of the gas oil is converted to gasoline
and more volatile hydrocarbon fractions
and a light gas oil. The catalytically cracked

light gas oil may then be hydrocracked by’

passing it through a fixed bed of hydro-
45 cracking catalyst at elevated temperatures

and pressures in the presence of hydrogen.

Solid particles in the petroleum fractions
delivered to a fixed catalyst bed can plug
the bed and necessitate shutting down the
process utilizing the fixed catalyst bed for 50
replacement of at least a part of the catalyst
before the catalyst is spent. The loss of
production as well as the direct labor and
catalyst replacement costs make the more
frequent catalyst replacement very costly. 55
The solid particles may in some instances, -
and particularly in reduced crudes, be solid
particles that were in the crude oil charged
to the distillation unit; however, a large
part of the soild particles in distillate pro- 60
ducts from the atmospheric distillation are
electrically conductive materials such as iron
oxide and iron sulfide particles picked up
from the processing vessels. The concentra-
tion of solid particles in the hydrocarbon 65
fractions 1s low and the size of the particles
is extremely small. In some hydrocarbon
fractions, for example the charge stock to a
hydrocracker, 98 percent of the particles
have a diameter less than five microns and 70
a major part of the particles have a diameter
less than one micron. Such particles do
not settle from the hydrocarbon liquids.
Filtration of the liquid by passing liquid
through a permeable medium is mnot 75
effective. If the openings in the filter
medium are small enough to trap the solid
particles, the filter medium quickly becomes
plugged.  Moreover, most of the liquid
hydrocarbon streams in a refinery are hot, 80
and the conventional filter media, such as
paper or urethane foam, are not capable
of withstanding the high temperature.

In UK. Patent No. 1408040 there is
described and claimed a method for 85
removing electrically conductive suspended
contaminants from a substantially electric-
ally non-conductive oil free of a significant
amount of disposed water, which comprises
passing the oil through the interstitial 90
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spaces contain a bed of substantially
spherical and non-deformable beads of high
electrical resistivity as hereinbefore defined,
having a smooth outer surface, and main-
taining across the bed an electrostatic field
at a voltage radient of at least 1.97 KV per

cm.
In U.S. Patent No. 3 328 158, an electro-
filter capable of separating a large part

0 of the particles having a submicron size

5 from the wall of the vessel.
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from hot hydrocarbon liquid streams is
described and claimed. The electrofilter
consists of a vessel having an electrode
extending longitudinally through it spaced
The wall of
the vessel is ordinarily grounded and serves
as an electrode. The space between the
electrode and the wall contains glass spheres.
A high voltage of the order of 4 KV per
centimeter of distance between the electrode
and the vessel wall is applied to the filter
and liquid caused to flow through the
permeable bed formed by the glass
spheres. The solid particles, even elec-
trically conductive particles such as iron
sulfide, are deposited on the spheres.

The spherical particles in the filter are
essential to the separation of the very small
solid particles in the hydrocarbon stream.
An electric precipitator in which the space
between the electrodes is open is not
effective in separating the solids. It is
important that the spherical particles have
a smooth surface that is substantially devoid
of pores or indentations to allow substan-
tially complete removal of deposited solids
by backflushing to thereby return the
spherical particles to a condition in which
they are effective in precipitating solids.
Particles of river gravel are effective in
removing solid contaminants’ from liquid
hydrocarbons during the first cycle that the
river gravel is used, but the river gravel can
not be cleaned adequately by ordinary
backflashing to allow its use in subsequent
cycles.

While the electrofilter is effective in
removing a large part of the solid particles
and thereby greatly reducing piugging of the
catalyst bed to which the filtered liquid is
delivered, the amount of solids that can
be ceparated in the filter before it is recon-
ditioned is small. It is necessary, therefore,
to clean the filter at frequent intervals.
Cleaning is accomplished by passing a
liquid upwardly through the filter at a rate
adequate to expand the bed and cause
movement of the spherical particles while
the electrical power supply to the filter is
cut off. The solids deposited on the glass
spheres are removed from the filter with
the backflush liquid. Apparently, the pre-
cipitation of the solid particles in the
electrofilter causes some agglomeration of
those particles because the solids will settle,

although very slowly, from the backflush
liquid. The slow settling rates make large
settling tanks necessary if the precipitated
solids are separated from the backflush
liquid by settling. Then there is still a
problem of disposing of the settled sludge.
Backflushing on an electrofilter is described
in U.S. Patent No. 3,799,857 of A. D.
Franse. It is suggested in that patent that
the solids that settle from the backflush
liquid be passed through a recovery system
for producing dry solids capable of being
landfilled. In U.S. Patent No. 3,799,855 of
Franse, a similar backflushing procedure is
described and it is there suggested that the
separated solids can be dried to form a
waste solid which could be buried in a
landfill.

According to the present invention there
is provided a method of removing finely
divided solid contaminants from an
electrically non-conductive liquid feedstock
free of a significant amount of dispersed
water comprising passing the contaminated
feedstock through the interstitial spaces
within a bed of substantially spherical and
non-deformable granules of high electrical
resistivity as hereinbefore defined, having
a smooth outer surface ,and maintaining
across the bed an electrostatic field at a
voltage gradient of at least 1.97 KV per cm
whereby the contaminants deposit on the
granules; recovering, as product, the
decontaminated feedstock; intermittently
discontinuing the electric potential and
backflushing the filter bed with an
electrically non-conductive flushing liguid
whereby the solid contaminants are flushed
from the granules and are entrained in the
flushing liquid; delivering the contaminated
flushing liquid into a fluidized bed of
particulate material whereby the contami-
nants deposit on the particles; and remov-
ing, regenerating and recycling a stream of
particulate material from the fluidized bed.
As used herein the term “high electrical
resistivity ” means a resistivity of the order
of the resistivity of glass.

Preferably, the electrically non-conductive
liquid feedstock is a liquid hydrocarbon.

Preferably also, the voltage gradient is
from 2 to 8 kilovolts per centimetre of the
granular bed.

The method of the present invention is
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finely divided solid contaminants from hot
hydrocarbon fractions to condition those
fractions for delivery to a fixed bed of
catalyst. The problem of handling a sludge
of solid particles separated in the filter is
eliminated by this invention. Solids are
separated from the hydrocarbon fractions
in an electrofilter having a filter bed of
granular non-porous ceramic material which
is preferably composed of substantially
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spherical particles of a material of high
electrical resistivity, such as glass. The
solids are removed from the filter by back-
flushing with a nonconducting liquid. The

5 backflushing liquid discharged from the
filter may be mixed with a charge stock
for a fluidized process, such as a fluidized
catalytic cracking unit or a fluidized coking
process.

10 The invention will now be described by
way of illustration with reference to the
accompanying drawings, in which:

Fig. 1 is a diagramatic flow sheet of one
embodiment of this invention in which a

15 light gas oil for charging to a hydrocracker
is treated in an electrofilter to remove solid
partciles therefrom, and the solid particles
backflushed from the electrofilter are de-
livered to a fluidized catalytic cracking unit;

20 and

Fig. 2 is a diagrammatic vertical sectional
view of an electrofilter of the type used
to separate solid particles from hot hydro-
carbon fraciions to condition them for

25 delivery to a fixed catalyst bed.

For purposes of illustration, this inven-
tion is described for the treatment in an
electrofilter of the feed stock to a hydro-
cracker, and the delivery of the backflush

30 Hquid into a fluidized catalytic cracking
process, but this invention is not limited to
use in that particular combination of re-
finery processes. The initial electrofiltering
step is useful in the treatment of any

35 electrically nonconducting liquid to remove
very finely divided solid particles there-
from. The process is particularly valuable
in treating such liquids before they are
delivered to a reactor containing a fixed bed

40 of catalyst that might become plugged by
the finely divided particles being deposited
on the catalyst. Examples of other processes
in the refining cof petroleum in which this
invention is useful are the treatment of the

45 charge stock to a reformer or to a gas oil
hydrodesulfurization unit. The fluidized
unit to which the backflush liquid is dis-
charged can be a fluidized coking process,
for example, or other fluidized or moving

50 bed process in which there is a continuous
removal of solid particles either in the form
of catalyst or other fines or as product.

Referring to Figure 1 of the drawings, a
feedstock which may be. for example, a

55 virgin, thermally cracked, or catalytically
cracked light or heavy gas oil, or a mixture
of such gas oils, is delivered into an inlet
header 10. Usually the feedstock will be
delivered from a processing unit and will

60 be at an elevated temperature in the range
of 121°C to 204°C. The feedstock may
be delivered from a pretreater designed to
remove sulfur and nitrogen from the feed-
stock. A plurality of electrofilters 12a,

65 12b, 12c and 12d are connected in parallel

to the inlet header 10 by inlet lines 14a,
14b, 14c and 14d. While four electrofilters
12 are shown, there may be any number of
electrofilters connected in parallel, and the
number will depend upon the rate of 70
charging feedstock to the hydrocracker and
the capacity of the electrofilters used.
Inlet lines 14 are connected into the upper
ends of the electrofilters 12. An inlet valve
16 is comnected in each of the inlet lines 75
between the header 10 and the filters 12.
The inlet valve for each of the particular
filters is designated by a letter correspond-
ing to the letter for the inlet line and the
filter. Filtered product outlet lines, desig- 80
nated by reference numerals 18a, 18b, 18c
and 18d extend from the lower ends of the
filters 12 and arc connected into a filtered
liquid line 20. Outlet valves 22a, 22b, 22c
and 22d are provided in the outlet lines. 85
Referring to Figure 2 in which the
electrofilter 12 is shown diagramamtically
in vertical section, an electrode 24 extends
through an insulating bushing 26 in the top
of the filter. The upper end of electrode 90
24 is connected to a suitable power source
for applying a high voltage, preferably a
DC voltage, to the electrode. In the
embodiment illustrated, the shell of the
filter 12 serves as an electrode and is 95
grounded. The voltage applied to electrode
24 is adapted to cause a voltage gradient
preferably in the range of 2-8 kv/cm be-
tween the electrodes. Within the filter 12
and supported on a perforated plate 28 is
a filter bed 30 of glass spheres. The glass
spheres preferably have a size in the range
of 0.08 to 0.65 cm in diameter. The glass
spheres have a smooth outer surface, are
nondeformable and have an electrical re-
sistivity that is preferably higher than the
resistivity of the hydrocarbon liquid that
is to be filtered. The upper surface of the
bed 30 of glass spheres is a substantial
distance below the upper end of filter 12 to
permit expansion of the filter bed during
backwashing, as hereinafter described. The
filter is described in detail and claimed in
U.S. Patent Serial No. 3,928,158 of
Fritsche et al, entitled “ Electrofilter ™.
Referring again to Figure 1, filtered
liquid lin= 20 is connected to the upper end
of a hydrocracker reactor 32. A hydrogen
line 34 is shown opening into line 20 to
supply hydrogen required for the hydro-
cracker operation. Furnaces, heat ex-
changers, pumps, storage tanks, and other
incidental equipment indicated generally by
box 21 are provided between the electro-
filters 12 and hydrocracker reactor 32, as
required for adjustment and maintenance of
the optimum hydrocracking conditions in
the hydrocracker reactor. They have been
omitted from the drawings because they
do not affect this invention.
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Hydrocracker reactor 32 contains a fixed
bed of catalyst through which the filtered
liquid is passed downwardly. The hydro-
cracked product is discharged from the

5 lower end of reactor 32 through a line 36
and delivered into a distillation tower 38 in
which the hydrocracked product is separated
into a plurality of fractions such as gas,
gasoline and naphtha. A hydrocracker
recycle stream is taken from the bottom
of distillation tower 38 and returned to feed
header 10 for filtering before recycling
through the hydrocracker reactor. The re-
cycle stream contains a high concentration
of solid particles which would seriously
increase the plugging of the reactor catalyst
bed if not removed from the system.

All or any part of the filtered product
may be delivered through line 20 and a
bypass line 42 into a filtered oil storage
tank 44. Oil from storage tank 44 can be
delivered by a pump 45 through a feed
line 46 and lines 20 and 34 into the hydro-
cracker 32. Filtered product for backflush-
ing the filters can be delivered through line
48 and pump 50 into backflush liquid lines
52a, 52b, 52c¢ and 52d. The backflush
liquid lines are provided with valves 54a,
54b, 54c and 54d. Opening from the upper
ends of the electrofilters 12 are backflush
outlet lines 56a, 56b, 56¢c and 56d. The
backflush outlet lines are equipped with
valves 58a, 58b, 58c and 58d. [Each of
backfiush outlet lines 56 is connected into a
backfiush outlet header 60 for the delivery
of backflush liquid and entrained solids
to a fluidized catalytic cracking unit. In
the drawings, the backflush header 60 opens
into the feed line 62 of a fluidized catalytic
cracking unit for the delivery of backflush
liquid into the lower end of a riser reactor
64. Regenerated catalyst from the regene-
rator, not shown, of the fluidized catalytic
cracking unit is delivered into the lower
end of the riser through a catalyst return
line 66. At the upper end of riser 64 is a
disengagement chamber 68. Catalyst is
delivered from the disengagement chamber
68 to the regenerator through a spent
50 catalyst line 70. While the backflush out-

let header 60 is shown in the drawing to

be connected info the riser 64, header 60

can be connected to deliver the backflush

liquid into the regenerator of the fluidized
55 cracking unit.

In the operation of the apparatus shown
in Fig. 1 of the drawings, feed stock for
the hydrocracker reactor is delivered into
header 10 and from the header through

60 lines 14 into the electrofilters 12 while

a voitage is applied to the electrodes of

the filter to establish a voltage gradient in

the range of 2 to 8 kv/centimetre between
the electrode and the shell of the filter.
65 The hydrocracker feed stock is delivered
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to the filter 12 at a rate producing a super-
ficial velocity in the range of 1.5 to 15
centimetres per second. A typical feed
stock may have a solids content of 0.5 to
2 mg/litre having a normal diameter of 70
less than 5 microns. Filtered product is
discharged through outlet line 18a and
open valve 22a into line 20. Since the
time required for backflushing the filters is
only a small fraction of the time the filters
are onstream in the filtering operation,
ordinarily only a single filter will be back-
flushed at any one time. In a typical
operation of an electrofilter on the feed
stock for a hydrocracker, the filters remain
onstream for 4 to 8 hours between back-
flushing. The need for backflushing the
filter is indicated by an increase in the
electric current flowmg through the filter.
Backflushing is continued for a period that
may range from one to as much as five
minutes. Two minutes is usually adequate.
The flow rate during backflushing is de-
signed to cause a superficial velocity in the
range of 1.5 to 18 cm. per second. 1t is
desirable that the backflushing rate be
adequate to expand the bed and cause some
rolling of the particles but not to fluidize
the filter bed.

Backflushing of a filter is initiated when
the electrical current through the filter be-
comes excessive or when a filter has
operaied for a predetermined time since it
was iast backflushed. In a preferred method
of operation during which filter 12a, for
example, is backflushed, the electrical
current is shut off that filter, and valves
16a and 54a are closed. The other filters
continue to operate normally. Valve 22a
remains open and valve 58a is opened.
Filtered product discharged from filters
12b, 12¢ and 12d flows into line 20 and
from line 20 through outlet line 18a into
the lower end of filter 12a. Since all of
the filters operate at the same temperature,
no adjustment of the backflushing liquid is
required. Upward flow of filtered product
through filter 12a expands and agitates
the bed of glass spheres to remove precipi-
tated solids from the glass spheres. Those
solids are carried with the backflush liquid
through backflush outlet line 56a and
header 60 into feed line 62 of the fluidized
cracking unit. The concentration of solids
in the backflush liquid is normally in the
range of 19, to 109, by weight. The pre-
cipitated solids are delivered into the lower
end of riser reactor 64 and flow upwardly
into the disengagement chamber 68. Solids
that are deposited on the catalyst particles
in riser reactor 64 are delivered through
spent catalyst line 70 into the regenerator.
Solids from the filter not precipitated on
the catalyst particles are handled in the
manner of catalyst fines carried from the
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riser reactor 64 into the disengagement
chamber 68. Those solids from the filter
carried into the regenerator are oxidized in
the catalyst regenerator and removed from
5 the system with the catalyst lost from
the fluidized catalytic cracking process
Although the quantity of solids in the
hydrocracker feed are large enough to plug
the inlet end of the fixed catalyst bed
10 during the long runs through the hydro-
cracker reactor, the amount of solids is
actually quite small, on the order of one
pound per thousand barrels of oil, and
causes no problem in the fluidized catalytic
15 cracking unit because of continuous re-
moval of solids from the unit.
Backflushing is continued for a period
adequate to remove the deposited solids
from the glass sphere in the electric filter.
20 Ordinarily backflushing for a period of 1
to 3 minutes is adequate. Thereafter, valve
38a is closed, valve 16a is opened, and the
high voltage differential applied to the
electrodes to return filter 12a to the filtering
25 operation. The backflushing procedure is
performed successively on the other filters
as the current flow through the filters
indicates that backflushing is needed.
In the event it is desired to backflush
30 filter 12a with filtered product from tank
44 rather than filtered product from line
20, valves 16a and 22a are closed and
valves 54a and 58a are opened. The power
is shut off from the electrodes and pump 50
35 is then started to circulate filtered product
through the filter 12a. While filtered pro-
duct is a preferred backflushing liquid, other
liquids can be used as long as they are
electrically nonconducting. Fresh feed stock
40 can be wused for backflushing and is
advantageous because it is available at
the filter temperature.
This invention provides a method of
separating very small particles, which may
45 be clectrically conductive, from hydro-
carbon liquids and disposing of the particles
without requiring special equipment.
Although such particles are usually present
in very low concentrations, such concen-
50 trations are adequate to cause serious
plugging of fixed catalyst beds such as are
used in many refinery processes. The low
concentrations however permit disposal of
the solids in fluidized processes without
55 objectionable contamination of the catalyst
because of the continuous removal of
catalyst, such as in fines, from fluidized
systems. Such fiines are dry solids sepa-
rated from gases or vapors and are easily
60 disposed of as compared to sludges in

which the backflushed solids are concen-
trated in and wet with backflush liquid. If
the fluidized system into which the back-
flush liquid is charged is ome such as
fluidized coking in which solids are removed 65
from the system as a product, the back-
flushed solids may be disposed of in the
product.

WHAT WE CLAIM IS:—

1. A method of removing finely divided 70
solid contaminants from an electrically
non-conductive liquid feedstock free of a
significant amount of dispersed water com-
prising passing the contaminated feedstock
through the interstitial spaces within a 75
bed of substantially spherical and non-
deformable granules of high electrical re-
sistivity as hereinbefore defined, having a
smooth outer surface, and maintaining
across the bed an electrostatic field at a 80
voltage gradient of at least 1.97 KV per
cm. whereby the contaminants deposit on
the granules; recovering, as product, the
decontaminated feedstock; intermittently
discontinuing the eleciric potential and 85
backfluishing the filter bed with an
electrically non-conductive flushing liquid
whereby the solid contaminants are flushed
from the granules and arc entrained in the
flushing liquid: delivering the contaminated 90
flushing liquid into a fluidized bed of
particulate material whereby the contami-
nants deposit on the particles; and
removing, regenerating and recycling a
stream of particulate material from the 95
fluidized bed.

2. A method according to claim I, in
which the electrically non-conductive liquid
feedstock is a liquid hydrocarbon.

3. A method according to claim 1, in 100
which the voltage gradient is from 2 to 8
kilovolts per centimetre of the granular
bed.

4. A method according to any preceding
claim, in which the flushing liquid is a
portion of the filtered feedstock obtained
as product from the granular bed.

5. A method according to any preceding
claim, in which the contaminated back-
flushing liquid is mixed with a feed stock
for a fluidized catalytic cracking unit.

6. A method according to any preceding
claim, in which a plurality of granular
beds are provided for operation in paraliel
thus permitting filtration to be continued
whiie each bed in turn is backflushed.

7. A method according to any preceding
claim, in which the feedstock is filtered by
downward passage through the granular
beds at a superficial velocity of from 1.5 120
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to 15 centimetres per second for a period
of from four to eight hours and the filtered
feedstock product is passed upwardly
through the granular beds during back-
5 flushmg at a superficial velocity of from
1.5 to 18 centimetres per second for a period
of from one to five minutes. )
8. A method according to any preceding
claim, in which the feed stock is feedstock
10 for a hydrocracking process and contains
per litre of feedstock, from 0.5 to 2 milli-
grams of solid contaminants having a
nominal diameter less than 5 microns.
9. A method according to any preceding
15 claim in which the granules in the granular
bed are spherical glass beads.

10. A method according to any preceding
claim, in which the fluidized bed is a
catalytic -cracking reactor.

11. A method of removing finely divided 20
solid contaminants substantially as herein-
before described with reference to the
accompanying drawings.

FITZPATRICKS,
Chartered Patent Agents,
14-18 Cadogan Street,
Glasgow G2 6QW.
— and —

Warwick House, -
Warwick Court,
London WCIR 5DJ.
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