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(57) Abstract: A vibratory apparatus for separating a liquid from a liquid-laden solid material includes an inclined trough having
a base with a first end and a second elevated with respect to the first end. A deck is attached to the trough base, the deck defining
support points positioned above the base spaced from one another by a distance sufficient to support the solid material above the
deck, and passages located between the support points to allow liquid to flow to the deck. A vibratory driveis attached to the trough
and oriented impart a conveying motion toward the trough second end. Solid material deposited onto the deck is advanced toward
the second end by the conveying motion while the liquid flows along the trough base toward the first end under gravity.A method
of separating a liquid from a liquid-laden solid material includes providing a trough having a deck defining a support surface with
passages extending through the support surface. The liquid-laden solid material is deposited onto the support surface so that the

liquid-laden solid material is supported by the support surface. A vibratory force is applied to the deck to separate a substantial
portion of the liquid from the liquid-laden solid material. The liquid separated from the liquid-laden solid material is directed under
gravity force through the passages extending through the support surface. The solid material is conveyed along the support surface

by the vibratory force to a solids discharge point.
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METHOD AND APPARATUS FOR SEPARATING
LIQUID FROM LIQUID LADEN SOLID MATERIAL

FIELD OF THE INVENTION

The present invention generally relates to methods and apparatus for
dewatering solids, and more particularly to using a vibratory force to separate liquid

from a liquid-laden solid material.

BACKGROUND OF THE INVENTION

The need for separating liquid from a liquid-laden solid material may
arise in a variety of applications. As crude oil is refined, for example, a residual
material known as petroleum coke may be generated. Petroleum coke is a granular
solid that is highly combustible. It is typically created in a coking drum having
removable end caps, wherein a single piece of petroleum coke remains lodged inside
the drum. To remove the petroleum coke from the drum, the end caps are removed
and a hydraulic drill is inserted through a center of the piece of petroleum coke. The
hydraulic drill first passes axially through the drum to create a two to three foot bore
through the center of the petroleum coke. The drill is then pivoted so that its head is
aligned radially with respect to the drum axis, and the drill is rotated to cut through
and dislodge the petroleum coke material located nearer the drum. During the drilling
and cutting processes, water is typically used to assist removal of the coke from the
drum. Eventually, all of the petroleum coke and water will drop out of the bottom of

the drum.

Further processing of the petroleum coke and water has typically
included passing the material through a screen into a pit. The water and the petroleum
coke is then pulled out of the pit and discharged into an evaporation field. Once the
water content is sufficiently reduced, the petroleum coke is then loaded into rail cars
which ultimately discharge the coke onto a conveyor. Consequently, the petroleum
coke must be handled at separate transfer points, such as from the pit to the
evaporation field and from the evaporation field to the conveyor. Furthermore, such
handling often requires the use of rail cars which are overly expensive and time
consuming to use. Still further, the use of evaporating pits requires a substantial
amount of time for the water content of the petroleum coke to drop to a level

sufficient for further handling, transport, and/or use.

1
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Some petroleum coke dewatering processes are known which attempt
to use screens to retain the solid material while allowing the liquid to pass through.
Such systems may employ conventional or vibrating screens. A common problem
with such screens, whether conventional or vibrating, is that solids suspended in the

liquid tend to clog the screen, thereby interrupting the dewatering process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation view of vibratory separating apparatus in

accordance with the teachings of the present invention.

FIG. 2 is a schematic end view of a trough used in the apparatus shown

in FIG. 1.
FIG. 3 is an end view of an alternative trough having an elevated
support bed.
FIG. 4 is a side elevation view, in cross-section, taken along line 4-4 of
- FIG. 3.

FIG. 5 is an end view of an alternative tough having a deck formed of

grouser bars.

FIG. 6 is an end view of an alternative tough having a deck formed of

round rods.

FIG. 7 is an end view of an alternative tough having a deck formed of
tapered bars.

FIG. 8 is an end view of an alternative tough having a deck formed of
half rounds.

FIG. 9 is an end view of an alternative tough having a deck formed of
half ovals.

FIG. 10 is a side elevation view of an alternative vibratory separating

apparatus adapted for mobile transportation.

FIG. 11 is a side elevation view of a vibratory separating apparatus

having an alternative drive.
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DETAILED DESCRIPTION

Referring to FIG. 1, vibratory apparatus for separating liquid from a
liquid-laden solid material is indicated generally by reference numeral 10. The
vibratory separating apparatus 10 is described herein for use in a petroleum coke
dewatering process. It will be understood, however, that this is but a single
application, and that the vibratory separating apparatus 10 may be used in any process
that would benefit from the efficient separation of liquid from a liquid-laden solid

material.

As shown in FIG. 1, the vibratory separating apparatus 10 includes a
first separating unit 12 having a trough 14 supported by a frame 16. An exciter 18 is
attached to the trough 14 and includes a rotating unbalance drive 20 for generating a
vibratory motion, as is generally known in the art. Alternatively, the separating unit

12 may include a rotating eccentric drive 21, as illustrated in FIG. 11.

The trough 14 is oriented on an incline so that a first end 22 is
positioned below a second end 24. While the solid material is typically advanced up
the incline, as described in greater detail below, it is not necessary, and the trough
may be declined or horizontal. By advancing the solid material up the incline, the
period during which the solid material is in the apparatus 10 (also known as "dwell
time") may be increased. The exciter 18 is oriented so that the vibratory motion
created by the drive 20 imparts a conveying motion toward the elevated second end
24. A hopper 26 may be positioned above a central portion of the trough 14 for
directing liquid-laden material into the trough. For example, a coking drum having
petroleum coke lodged therein may be positioned over the hopper 26, so that the
pieces of petroleum coke removed from the drum fall into the central portion of the
trough 14. The first end 22 of the trough 14 further includes a chute 23 for directing

liquid into a drainage receptacle 25.

In the illustrated embodiment, the vibratory separating apparatus 10
also includes a second separating unit 28 that is substantially identical to the first
separating unit 12. Accordingly, the second separating unit 28 includes a trough 30
supported by a frame 32. An exciter 34 is operably connected to the trough 30 and
includes a drive 36 for generating a vibratory motion. The trough 30 is also oriented

on an incline so that a first end 38 is lower than a second end 40 of the trough. The
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exciter 34 is oriented to impart a conveying motion which advances material in the
trough 30 from the first end 38 to the elevated second end 40. Apparatus for
generating such a vibratory conveying motion are generally known in the art, and
therefore are not described in detail herein. The first end 38 of the trough 30 also

includes a chute 39 for directing liquid into a drainage receptacle 41.

The first end 38 of the trough 30 may be positioned below the second
end 24 of the trough 14, so that material advancing over the secoﬁd end 24 of the
trough 14 will drop into the trough 30 of the second separating unit 28. In the
illustrated embodiment, the second end 24 of trough 14 is positioned somewhat
upstream of the first end 38 of trough 30. The second end 40 of the trough 30 may be
positioned over a receptacle, conveyor, or other transport apparatus for further
processing of the solid material. It will be appreciated that the second unit 28 further
separates liquid from the liquid-laden solid material, but is not required in all

applications, since a single separating unit 12 may provide sufficient separation.

While both exciters 18, 34 are shown position below the troughs 14,
30, it will be appreciated that the exciters may be positioned above the troughs or in

any other location currently known in the art.

FIG. 2 illustrates an end view of the trough 14. The trough 14 includes
opposing sidewalls 42, 43 connected by a base 44. A plurality of V-shaped angles 46
are attached to the base 44 and extend longitudinally along the length of the trough
14. Each V-shaped angle 46 has an apex 48 and defines one or more support points
50. In the current embodiment in which the V-shaped angles 46 extend continuously
along the length of the trough 14, the support points 50 create a pattern of support
lines. The support points 50 are positioned above the base 44 and are spaced at a
distance sufficient to engage and support substantially all of the solid material above
the base 44. Edges of adjacent V-shaped angles define passages 45, which allow the
fluid contained by the material to pass through to the base 44. Accordingly, the V-
shaped angles 46 suspend the solid material above the base 44 to allow liquid to drain

from the solid material under the force of gravity.

Because the trough 14 in the illustrated embodiments is on an incline,
the liquid will flow toward the first end 22 and through the chute 23 for discharge into
the drainage receptacle 25. In contrast, the solid material supported by the V-shaped
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angles 46 is advanced toward the second end 24 of the trough 14 as a result of the
vibratory conveying motion generated by the exciter 18. The solid material is
ultimately discharged into the trough 30 of the second separating unit 28 having a
substantially identical base construction. Accordingly, additional liquid is removed
from the solid material and flows to the first end 38 and through the chute 39 for
discharge into the drainage receptacle 41, while the solid material is advanced toward
the second end 40 of the trough 30.

While FIG. 2 illustrates apparatus in which the solid and liquid
materials flow in opposite directions (i.e., a reverse flow arrangement), the separating
units 12, 28 may be configured for other material flow patterns. For example, the
solid material may be conveyed down the inclined trough and a liquid drainage point
may be located upstream of the solids discharge point, to produce a concurrent flow
of solid and liquid materials. In addition, the trough may be horizontal, with
concurrent or reverse material flow paths. Furthermore, the liquid drainage point may
be an outlet formed in the base, while the solids discharge point may be the trough

first end.

In an alternative trough embodiment illustrated at FIGS. 3 and 4, the
support points 50 are further elevated with respect to the trough base 44. In this
embodiment, spacer bars 52 are intermittently positioned along the length of the
trough base 44. Cross Bars 53 are attached to the tops of the spacer bars 52 and
extend transversely across the trough 14. The V-shaped angles 46 are then attached to
the cross bars 53. Liquid may flow through the passages 45 between adjacent angles
46 and the gaps between the spacer and cross bars 52, 53 to drain from the solid
material. The spacer and cross bars 52, 53 increase the height of the support points 50
with respect to the trough base 44, thereby increasing the liquid volume capacity of
the separating unit. Alternatively, the trough base 44 may be removed and the liquid
separated from the solid material may collect in a separate receptacle positioned

below the trough 14.

While the above embodiments describe the use of V-shaped angles, it
will be appreciated that any type of deck that creates support points positioned above
the base 44 and spaced a distance sufficient to support the solid material may be used.
Accordingly, the deck may comprise a plurality of grouser bars 63 (FIG. 5), round
rods 54 (FIG. 6), tapered bars 55 (FIG. 7), half rounds 56 (FIG. 8), half ovals 57 (FIG.

5
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9), or any other structure that defines the support points 50. The spacer and cross bars
52, 53 shown in the embodiments of FIGS. 5-9 may be omitted without departing

from the teachings of the present invention.

In an alternative embodiment illustrated at FIG. 10, a vibratory
separating apparatus 60 is shown that is adapted for mobile transportation. Similar to
the embodiment of FIG. 1, the vibratory separating apparatus 60 includes first and
second separating units 62, 64. Other than the second separating unit 64 being
positioned transversely with respect to the first separating unit 62, the units 62, 64 are
constructed substantially identical to the first and second separating units 12, 28 of the
above embodiment. In addition, the first and second separating units 62, 64 are
mounted on frames 66, 68 having wheels 70. As shown in FIG. 10, the wheels 70 are
adapted for use with rails 72 to allow the vibratory separaﬁng apparatus 60 to be
transported to different locations. This is particularly advantageous, for example,
where multiple coking drums are located at a single site. As a result, a single
vibratory separating apparatus 60 may be used to dewater petroleum coke from the

various coking drums.

In operation, a petroleum coking drum may be positioned over the
hopper 26 of the vibratory separating apparatus 10. The hopper 26 assists in directing
the water-laden petroleum coke toward a central portion of the trough 14 of the first
separating unit 12. The V-shaped angles 46 engage and support the petroleum coke
above the base 44 of the trough 14, thereby allowing the water to drain from the coke
to the trough base 44 via the passages 45. The inclined trough 14 causes the water to
flow toward the first trough end 22 under the force of gravity, so that the water is
discharged by the chute 23 into the drainage receptacle 25. The petroleum coke
supported on the V-shaped angles 46, however, is advanced toward the trough second
end 24 as a result of the vibratory motion generated by the exciter 18. The petroleum
coke is eventually discharged from the second end 24 of the trough 14 into the trough
30 of the second separating unit 28. A similar process continues in the second
separating unit 28, wherein additional liquid flows toward the trough first end 38 and
through the chute 39 to discharge in the drainage receptacle 41. Vibratory motion
generated by the exciter 34 advances the petroleum coke toward the trough second
end 40. The petroleum coke may be discharged from the trough second end 40 onto a

vibratory conveyor, receptacle, or other transport for further processing.
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While FIG. 10 illustrates frames 66, 68 having wheels 70, it will be
appreciated that other types of mobile frames, such as rotating or translating frames,

may be used without departing from the scope of the present invention.

A method of separating liquid from liquid-laden solid material is also
provided. The liquid-laden solid material may be deposited onto a support surface,
such as the support points 50, having passages extending therethrough. A vibratory
force is applied to the support surface to separate a substantial portion of the liquid
from the liquid-laden solid material. As used herein, a substantial portion is at least
50%, and preferably at least 75-80% of the liquid content in the solid material. The
liquid separated from the liquid-laden solid material is directed under gravity force
through the passages extending through the support surface. The solid material is

conveyed by the vibratory force along the support surface to a solids discharge point.

In the foregoing process and apparatus, it has been found that the
application of the vibratory force to the support surface assists gravity in separating
liquid from the liquid-laden solid material. In addition, the vibratory force used in the
present apparatus and method reduces the amount of fines that may be suspended in
and discharged with the liquid. The vibratory force drives fines suspended in the
liquid downward through the liquid-laden solid material. As the fines travel
downward, they tend to stick together to form larger solid bodies that are do not flow
through the passages and therefore are conveyed with the rest of the solid material.
Still further, by avoiding the use of screens, the process and apparatus disclosed
herein do not plug and may be used continuously or in-line with other handling or
processing equipment, in contrast to the batch processing required with conventional

apparatus and methods.

Although certain apparatus and methods have been described herein,
the scope of coverage of this patent is not limited thereto. On the contrary, this patent
covers all embodiments of the teachings of the invention fairly falling within the

scope of the appended claims either literally or under the doctrine equivalents.
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IN THE CLAIMS:

1. A vibratory apparatus for separating a liquid from a liquid-laden solid
material, the apparatus comprising:

a trough having a base, the trough defining a solids discharge point and a
liquid drainage point; .

a deck attached to the trough base, the deck defining support points positioned
above the base and spaced from one another by a distance sufficient to support the
solid material above the base, and passages located between the support points to
allow liquid to flow therethrough; and

a vibratory drive attached to the trough and oriented to impart a conveying
motion toward the solids discharge point;

wherein the solid material deposited onto the deck is advanced toward the
solids discharge point by the conveying motion while the liquid flows along the

trough base toward the liquid drainage point under gravity.

2. The apparatus of claim 1, further comprising a hopper located above the
trough for directing the liquid-laden solid material toward a central portion of the

trough.

3. The apparatus of claim 1, in which the deck comprises a plurality of V-
shaped angles, each V-shaped angle having an apex defining at least one support

point, the V-shaped angles extending longitudinally along the trough base.

4. The apparatus of claim 3, in which edges of adjacent V-shaped angles are

spaced to define the passages.

5. The apparatus of claim 1, further comprising spacers positioned between

the deck and the trough base.

6. The apparatus of claim 1, in which the solid comprises petroleum coke.



10

20

25

WO 03/086578 PCT/US03/11042

7. The apparatus of claim 1, in which the trough is mounted on a mobile

frame.

8. The apparatus of claim 7, in which the frame comprises wheels adapted to

travel along tracks.

9. The apparatus of claim 1, in which the vibratory drive comprises a rotating

eccentric drive.

10. The apparatus of claim 1, in which the vibratory drive comprises a

rotating unbalance drive.

11. The apparatus of claim 1, in which the trough has a first end and a second

end, wherein the trough second end is elevated with respect to the trough first end.

12. The apparatus of claim 11, in which the trough second end comprises the

solids discharge point and the trough first end comprises the liquid drainage point.

13. A method of separating liquid from a liquid-laden solid material,
compﬁsing:

providing a trough having a deck defining a support surface with passages
extending through the support surface;

depositing the liquid-laden solid material on the support surface so that the
liquid-laden solid material is supported by the support surface;

applying a vibratory force to the deck to separate a substantial portion of the
liquid from the liquid-laden solid material;

directing the liquid separated from the liquid-laden solid material under

gravity force through the passages extending through the support surface;
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conveying the solid material by the vibratory force along the support surface

to a solids discharge point.

14. The method of claim 13, in which the trough further comprises a base
surface positioned below the support surface and in fluid communication with the
passages extending through the support surface, the method further comprising

transferring the liquid along the base surface to a liquid drainage point.

15. The method of claim 14, in which the liquid is transferred along the base
surface in a first direction and the solid material is conveyed along the support surface

in a second direction.

16. The method of claim 15, in which the first direction is opposite the second

direction.

17. The method of claim 13, in which the deck support surface is oriented at
an incline so that the solid material is conveyed vertically upward along the support

surface.

18. The method of claim 17, in which the base surface is oriented at a decline

so that the liquid is transferred vertically downward along the base surface.

19. The method of claim 14, in which the support surface is defined by a
plurality of inverted V-shaped angles coupled to the base surface, the V-shaped angles
extending longitudinally along the base surface and being spaced to define the

passages therebetween.

20. The method of claim 19, in which spacers are positioned between the base

surface and the V-shaped angles.

10
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21. The method of claim 14, in which the support surface is defined by a
plurality of grouser bars coupled to the base surface, the grouser bars extending
longitudinally along the base surface and being spaced to define the passages

therebetween.

22. The method of claim 14, in which the support surface is defined by a
plurality of round rods coupled to the base surface, the round rods extending
longitudinally along the base surface and being spaced to define the passages

therebetween.

23. The method of claim 14, in which the support surface is defined by a
plurality of half rounds coupled to the base surface, the half rounds extending
longitudinally along the base surface and being spaced to define the passages

therebetween.

24. The method of claim 14, in which the support surface is defined by a
plurality of half ovals coupled to the base surface, the half ovals extending
longitudinally along the base surface and being spaced to define the passages

therebetween.

25. The method of claim 13, in which a vibratory drive is coupled to the

trough to apply the vibratory force to the deck.

26. The method of claim 13, in which the liquid-laden solid material

comprises water-laden petroleum coke.

11



PCT/US03/11042

WO 03/086578

1/7

B




WO 03/086578 PCT/US03/11042
2/7

42

/\<AA

/4—“ Flo. 7 44




WO 03/086578

3/7

PCT/US03/11042

46

il Pt

e e T o ]

§

NN

NN

NN 53

-~

S

-,

L T T T T T T e X

Fl&. 4

s



WO 03/086578

4/7

e ——-

___________

_____

.......

PCT/US03/11042

- /
SN/
DO O O,
| l |
70 7 70 7o
FiG. 5
il }4,
4 43
H 45-
63 B3 50 50
| 000000000ANNNNNNNNNNNNN
T T T T 1 [ ll\ll |
52 53 tas




WO 03/086578 PCT/US03/11042
517

Fle @
1 4
4 43—
472
50 50O
o] J
goooodgoom/oo 0000 ooooooo oooooo
CL L1 _HJlllllH
\
52 53 44
Fle. 7
/14‘ ==
43—
~—42

e 554 52 70 50 45 53
Al ]

L LT LY T 0T T T T




WO 03/086578 PCT/US03/11042
6/7

Flé, 8
— " _
vl B
42
|47
5, 56 50 jo ‘T
1% LI {IT [
52 44 53
Fi16.9
T
43
42
s7 9/ 52 s 50 4445 53
L 1 LI T L LT




PCT/US03/11042

WO 03/086578

717
/I ; Z ;
-

llllllllllllllllllllllllllllllll [N v - ——

i x 2 AT
: : = Nn_L LI S b
—F—F T| [ L & L] J vuj S . f N
b=t : : Tammspsessuduesons TEEELL Sebbis i t PTGl ulnAﬁtt llllll ||||..~ r | j m
/ A A w

Tl



INTERNATIONAL SEARCH REPORT
PCT/0S 03/11042

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 BO1D33/03 B07B1/46

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 BO1D BO7B

Documentation searched other than minimum documentation 1o the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 01 45867 A (ANDERSON JOHN R ;MALONEY 1,2,

LINDSAY (AU); MELWIRE PTY LTD (AU); TAYLO) 5-18,

28 June 2001 (2001-06-28) 21-26

the whole document
X DE 22 60 170 A (MAURER LUDWIG) 1,2,

12 June 1974 (1974-06-12) 5-18,

21-26

the whole document

A US 5 076 921 A (BAILEY MARSHALL G ET AL) 1-26
31 December 1991 (1991-12-31)
the whole document

A US 3 859 713 A (FIEDLER BERNHARD) 21-24
14 January 1975 (1975-01-14)
figures 1A-1CCC

D Further documents are listed in the continuation of box C. [E Patent family members are listed in annex.

° Special categories of cited documents : . . . »

T later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

*A* document defining the general slate of the art which is not
considered to be of particular relevance
*E" earlier document but published on or after the international X* document of particular relevance; the claimed invention

filing date cannot be considered novel or cannot be considered to
'L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another 'Y* document of particular relevance; the claimed invention

citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*0O* document referring 1o an oral disclosure, use, exhibition or document is combined with one or more other such docu—
other means ments, such combination being obvious to a person skilled
*P* document published prior to the international filing date but inthe an.
later than the priority date claimed '&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
23 July 2003 30/07/2003
Name and mailing address of the ISA Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340~2040, Tx. 31 651 eponl, H'I '| t D
Fax: (+31-70) 340-3016 ’

Form PCT/ISA/210 (second sheet) (July 1992)



INTERNATIONAL SEARCH REPORT

PCT/US 03/11042

Patent document Publication Patent family Publication

cited in search report date member(s) date

WO 0145867 A 28-06-2001 WO 0145867 Al 28-06-2001
AU 7890300 A 03-07-2001

DE 2260170 A 12-06-1974 DE 2260170 Al 12-06-1974

US 5076921 A 31-12-1991 GB 2206502 A 11-01-1989

US 3859713 A 14-01-1975 DE 2231269 Al 17-01-1974
FR 2190500 Al 01-02-1974
GB 1434769 A 05-05-1976
IT 989389 B 20-05-1975
NL 7308663 A 28-12-1973

Form PCT/ISA/210 (patent family annex) (July 1992}




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

