(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

19) World Intellectual P It
(19) World Intellectual Property A A 80 0 O 0 A O 0

Organization
International Bureau (10) International Publication Number

(43) International Publication Date WO 2021/081565 A2
29 April 2021 (29.04.2021) WIPO I PCT
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
BO1D 46/54 (2006.01) kind of national protection available). AE, AG, AL, AM,

AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,

(21) International Application Number: CA. CH, CL. CN. CO. CR. CU. CZ.DE. DJ. DK, DM. DO,

FLUS202 1016728 DZ. EC, EE. EG, ES, FIL, GB, GD, GE, GH. GM. GT, HIN.
(22) International Filing Date: HR, HU, ID, IL, IN, IR, IS, IT, JO, JP, KE, KG, KH, KN,
05 February 2021 (05.02.2021) KP, KR, KW, KZ, LA, LC,LK, LR, LS, LU, LY, MA, MD,
_ ME. MG, MK, MN, MW, MX, MY, MZ. NA, NG, NI, NO,
(25) Filing Language: English

NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
(26) Publication Language: English SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(30) Priority Data:
63/033,374 02 June 2020 (02.06.2020) US (84) Designated States (unless otherwise indicated, for every

. kind of regional protection available): ARIPO (BW, GH,
(71) Applicant: DURR SYSTEMS, INC. [US/US], 26801

_ _ T GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ, TZ,

(72) Inventors: CASH, James, 621 Madison Street, Hack- TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
ettstown, New Jersey 07840 (US). PIERSON, Keith; EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
3866 County Road "C", Pulaski, Wisconsin 54162 (US). MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
RUDOLPH, Jeffrey; 2882 Maple Grove Road, Suamico, TR), OAPL (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
Wisconsin 54173 (US). KM, ML, MR, NE, SN, TD, TG).

(74) Agent: LEMACK, Kevin, S. ¢t al.; NIELDS, LEMACK
& FRAME, LLC, 176 E. Main Street, Suite 5, Westboro,
Massachusetts 01581 (US).

(54) Title: WESP COLLECTION ELECTRODE INSERT OR EXTENSION

(57) Abstract: Mecthod and apparatus for cleaning pollution control equipment, such as
particulate removal devices, including wet electrostatic precipitators (WESP). The WESP
may include a housing, at least one gas inlet in fluid communication with the housing, a gas
outlet spaced from the at least one gas inlet and 1n fluid communication with the housing,
onc or more 1onizing electrodes in the housing adapted to be connected to a high voltage

100

N source, and one or more collection electrodes in the housing. The housing may be in fluid
il communication with a flushing fluid source, such as a water source. The effective length
é;;?" p of the collection electrodes 1s increased with extensions which add significant surface area
Y12l % , the collection electrodes while minimizing the corresponding height increase.
fi"’/”::ﬁf"’f
21 L2
|l | I- ‘. ?/
/ Il i %"
30A <=7 T LT T >
i I A
= /’
1::.- /f‘
A >
d’/ K
5 A
|~
Y
- —12

FIG. 1

w0 2021/081565 A2 I HHP N0 00 RS0 08 0 00

[Continued on next page/



WO 20217081565 A2 |} 10 0RYF VO AP PN A0 0 A A R

Published:

— upon request of the applicant, before the expiration of the
time limit referred to in Article 21(2)(a)

—  without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



WO 2021/081565 PCT/US2021/016728

WESP COLLECTION ELECTRODE INSERT OR EXTENSION

This application claims priority of U.S. Provisional Application

pr——

Serial No. ©63/033,374 filed June 2, 2020, the disclosure of which

1s 1ncorporated hereln by reference 1n 1ts entilirety.

BACKGROUND

Poliution ontrol equipment, such as wet electrostatic

nrecipitators (WESP) are used o remove dust, acid mist and otherx

particulates from water-saturated ailrx nad other gase Ly

' , X my b — ! i — N - : . = I . ," /. - -= gl ¢
elecirostatic means. or example, pvarticulates and/or mist laden
) - —J . . N - — e 1 - 2 5 ) , e - \
water—-saturated al1r flows in a regicn 0L the preclplitator between
- [ 1 -. j -‘l - ) P | . ’ ‘-9 - - . - - [ 1 )
discharge and colilecting electrodes, where tThe particuliates

and/or mist is electrically charged by corona emitted from the

Wy 4-\‘ ] - ¢ ‘-! -: : Y . } ¢ ] - - - " -!“!-
‘urther within the precigpitator, the charged particulate

T
i____l
O
o)

matter and/or mist 1s electrostatically attracted to grounded

. - | ) L . . ‘ L | _

collectling plates or electrodes where 1T 18 collected. The
-1 4 . ' - - - ﬁ . 9 3 I ey 1 - a 9

accunuiated materials are continucusliy washed off by both an

ceriodic flushing to a discharge

I
.
(__i..
(D
ﬁ
()
)
C.

-‘l‘ - m § - ’ § -:: d " -
irrigating film o:

drain or the like,

v _ - 12 — B . N ad — - - & . .n _ -
the gas streams exhausting from various 1industrial sources, such
as incinerators, coke  ovens, giass  furnaces, noen-ferrous

metallurglical piants, ccal-fired generation plants, forest
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standards use tube lengths in the 7 to Z0 foolt ranges, with 12 to

14 feet most common. In order to provide modular and shippable
systems, tube length 1s 1deally Limited te 10 feet iIn height, and
therefore achieving the equivalent tube helight of more than 10

feel 1in the gilven space 18 desirable. In additicon, the shorter
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mechanically stiffer,

are easler to align. CGood alignment or centering of electrodes 1s

electrode Cubes 1.7 Al oelectrostatic collector wilthout
5

substantially 1increasing the height of the collection surfaces

(ocr the colliector). OCne advantage of doing so would pe the

)

orovisicn of a modular electrostatic colliector unit that 1

(7

readily shippable without sacrificing particulate colliection

SUMMARY

B

Problems of the prior art have Dbeen addressed Dby the

embodliments disclosed hereiln, which provide an electrostatic

pr——

"ectlveness of electrode

collector or precilipitator with 1mproved e

pr—

collectors, and a method of removing particulate from a process

stream wlth such an electrostatic collector. In certaln

embodliments, a wet electrostatic precilpitator 1s disclosed, which
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1ncludes a housing, at least one gas 1nlet 1n fluid communication

with the housing, at least one gas outlet or exhaust spaced from

the at least one gas 1nlet and 1n fluld communication with the
housing, one or more 1onlzling electrodes or current emitters 1n
the housing adapted to be connected to a high voltage source, and

one oOr more collection electrodes 1n the housing, wherein the one

Or more 1onlzlng electrodes are spaced from the one or more

collection electrodes to effect a corona discharge between them.

In certaln embodiments, the one or more collection electrodes may

Tnelude a pundale or arrav of ed

—te

)

« N “*‘*r" N ‘\' ~ . -~ -i | g o) o --~1' - y
ngated tubes or celils, which may

he, fTor exampie, clrcular, sguare, rectangular or hexagonal 1in

v A

-

cross—-secticn, or may be plate type, and one or more collection

electrode extensions or surface area enhancing members 1n

electrical communication with at least one respective collection

electrode. In some embodiments, the collection electrodes form an

pre—— pre——

array of cells, and the number of collection electrode extensions

H —

equals the number of cells 1n the array. In some embodlments the

pr—

number of collection electrode extensions may be less than the

H e—

number of cells 1n the array. In some embodiments the cells are

B

hexagonal 1n cross—-section and form a honevyvcomb pattern o:

repeating, hexagonal collecting zones or cells, and  the

collection electrode extensions also have a hexagonal cross-

pr——

section. In certaln embodiments, each of the 1onizing electrodes

1s supported from the bottom and extends vertically upwardly into

B

In wvarlious

a respective one o0of the collection electrodes.

embodlments, a lower high voltage grid or support may be used to
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support the one or more 1onizing electrode masts. This lower

high voltage grid may be supported from i1nsulators mounted to the

pr—

top wall or roof of the WESP using one or more of the 1onizing

electrodes as a support, or from 1nsulators mounted 1n the side

pr—

walls of the WESP located below the collecting electrodes, or

from an upper high voltage grid that 1s 1n turn supported from

B

insulators mounted 1n either the top wall (roof) or side wall of

the WESP above the collection electrodes.

L certaln omioodiments, e clechroqe extensil1ons
substantially increase the surface area of the surface avallable
for particulate colliection, without substantially i1ncreasing the
nerght of the colliecticon electrodes. For example, the electrode
axtensions can include suriface area increasing components, such
as a piurality of spaced fins that provide additional particulate
collecting surface area wlthout reguiring a corresponding
increase 1n vertical height of the collecticon electrodes. In some
enmpbodiments, each collection electrode exbension or surface area

enhancing member(s) is positioned deownstream, in the direction of

: N = T 4= i -f- - - . N TR b I - m e i I I —
vrocess gas flow, ¢f a respechtive collection electrode. In other

7

— \-' X -l . . ‘_!'i | - -:-- -: . X b e v o - . s _ — "i " . . o —
cmbodiments, each ccolilection electrode or surface area enhancing

ey . ‘ . SN, . 3 b T ey v A ey SRR _— € 3 R AN S
member (s) 1s positicned wilithin at least a portion of Tthe 1nteriorx

voiume of a collection electrode, downstream, in the direction of

Az

LI OC

e

ass gas flow, of an ionizing electrode position withiln an

P

interior volume regilion of a respective colliection electrode. L

$= - 4 \~»'.» :'a‘: . -- “‘*r N N - -~ N AN Y N 'ir"\-“ r‘*-'ﬁ \~»'.» . N Y TRy & # R Ty - 7
chis embodiment, the surface area enhancing member or members mavy

—
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he abttached To Tthe wall or walls of the collection electrode
Lselid
Thus, certaln aspects relate to an electrostatic

preclpltator, comprilising: a housing having an 1nlet for a gas

process stream and an outlet spaced from the i1nlet for exhausting

treated gases, a particulate collection surface comprilising one or
more collection electrodes positioned within the housing between
the 1nlet and the outlet, one or more 1oniziling electrodes 1n the
housing, each 1l1onlizing electrode Dbeing assoclated with a

respective collection electrode, and at least one collection

surface extension or surface area enhancing member or members 1n

electrical communlication with at least one collection electrode,

the collection surface extension comprilising. For example, a

pr—

plurality of spaced fins. In varilous embodlments, a lower high

voltage grid or support may be used to support the one or more

lonlzling electrode masts. This lower high wvoltage grid may be

supported from 1nsulators mounted to the top wall or roof of the

—

WESP using one or more of the 1onizing electrodes as a support,

or from 1nsulators mounted 1n the side walls of the WESP located

below the collecting electrodes, or from an upper high voltage

grid that 1s 1n turn supported from 1nsulators mounted 1n elther

—

the top wall (roof) or side wall of the WESP above the collection

electrodes.

g

In certain embodiments there are a plurality of collection

electrodes having a hexagonal <cross-section and formlng a
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pre——

honevcomb array of hexagonal cells. In certaln embodiments, there

—

may be a plurality of collection surface extensions, and each

collectlon surface extenslion may comprlse a hexagonal perilmeter.

In varilous embodiments, each collection surface extension may be

supported on a respective collection electrode and 1n electrical

communication therewlith. In some embodiments, each collection

surface extension may comprise an outer wall and an 1nner wall

pr—

spaced from salid outer wall, and whereilin the plurality of spaced

fins extend from the outer wall to the 1nner wall. In some

embodlments, the 1nner wall may be elimlinated, and the fins

pr— pr—

the outer all to another region of the

extend from one region O

outer wall. In some embodiments, each collection electrode
extension may be mechanically supported on a respective
collection electrode by one or more supports providing aligned

interconnections between the collection electrode and tThe

collection electrode extension. Each such support may be a

slotted cylindrical tube. In certain embodiments, each cell has a

cell surface area and cell height, each collection surface

extension has a collection surface extension surface area and a

collectlon extension surface height, and the collection surface

extension surface area may be at least four times Jgreater than

the cell surface area for each cell height equivalent helght to

the collection surface area height. In some embodiments, the

collectlion surface extension surface area may be at least elght

tilmes Jgreater than the cell surface area for each cell height

egulvalent height to the collection surface area height. In some
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embodiments, the collection surface extension surface area may be

as much as 20 times Jgreater than the cell surface area for each

cell height equilvalent height to the collection surface area

height. In certain preferred embodliments the collection surface

—

extension surface area 1s 8 to 12 times the cell surface area for

cach cell height equivalent height to the collection surface area

heilght.

In other embodiments, each surface enhancing member or

pre——

members 1s poslitioned 1nternally of a collection electrode. For

example, each 1onilizing electrode may be assoclated with a

respective collection electrode, each collection electrode having

an 1nternal volume having a first region occupled Dby 1ts

respective 1onizing electrode and at least a second region

unoccupled by said 1onizing electrode, wherein at least a portion

pre——

of the second region 1s occupled by surface area enhancing member

pre——

or members. The wall or walls of the collection electrode may

pr— pr—

take the place of the outer wall of the collection surface

extension and support the surface enhancing member or members

(e.g., flns) 1n a slmilar manner as the outer wall of the

collection surface extension. Accordingly, the surface enhancing

pr—

member or members occupy an 1nternal region of the collection

pr——

surface electrode, downstream, 1n the direction of process Jgas

—

flow, of the 1onizing electrode that 1s also positioned 1n an

pre——

internal region of the collection electrode.

pre——
h—

In 1ts methods aspects, disclosed herein are methods of

removing particulate material from a Process stream by
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lntroducing the process stream 1nto the electrostatic
preclpltator described above, and causing the particulate

material to collect on the collection electrodes and collection

extensions.
Thus, <certaln aspects relate to a method of removing
particulates from a process stream, comprising: providing a

particulate removal device comprising a housing having at least

one 1onlzing electrode charged by a high voltage source, at least

one collection electrode, at least one 1nlet for sald process

stream, at least one outlet spaced form said 1nlet, and at least

one collection surface extension or surface area enhancing member
1n electrical communication wilith sald at least one collection
electrode; creating a corona discharge between said at least one
lonlizing electrode and sald at least one collection electrode;
introduclng the process stream 1nto the 1nlet whereby the process
stream contacts the at least one collection electrode; causing

particulates 1n the process stream to deposlt on the collection

electrode and collection surface extension or surface area

enhancing member (s); and removing the deposited particulates from

the collection electrode and collection electrode extension oOr

surface area enhancing member (s) .

pr——
—

For a better understanding of the embodliments disclosed

herein, reference 1s made to the accompanying drawlngs and

pre——

description forming a part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
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The embodiments disclosed herein may take form 1n wvarious

p—

components and arrangements of

pr——

operations and arrangements of

pre——

components, and 1n various pProcess

process operations. The drawilngs

are only for purposes of 1llustrating preferred embodiments and

are not to be construed as limiting. Thils disclosure 1ncludes the

following drawlngs.

FIG. 1 1s a ©perspectlive

—
-

view of a wet electrostatic

preclpltator 1n accordance wilith certaln embodiments;

pr——

a portion of collection electrodes forming a bundle or array of

FIG. 2 1s a perspective view,

B

partially 1n cross-—-section, of

B

collection cells and 1ncluding a collectilion electrode extension or

surface area enhancing member(s) 1n accordance wlth certaln

embodiments;

FIG. 3 top ©perspective

p—

view of a collection electrode

extension or surface area enhancling member (s) 1n accordance wlith

certalin embodiments;

—

FIG. 4 1s a bottom perspective view of a collectlion electrode

extension or surface area enhancing member (s)1n accordance wilith

certalin embodiments;

FIG. 5 1s a perspectilve

extension showlng one embodiment o:

pr—

view of a collection electrode

pr——

- 1ts attachment to a collection

electrode or surface area enhanciling member (s);

particulate removal apparatus

embodiments;

10

pr— —
-

FIG. © 1s a perspective 1nternal view of an upper region of a

1n accordance wlth certaln

pr—

FIG. 7 1s a perspectlve 1nternal view of a lower region of a
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particulate removal apparatus

embodiments;

—

OL

PCT/US2021/016728

1n accordance wlth certaln

pr——

FIG. 8 1s another perspective 1nternal view of a lower reglon

a partilculate removal apparatus 1n accordance wlith certailn

embodiments;

pre——

FIG. ©9A 1s a front view of an electrode stabilizer 1n

accordance with certain embodliments; and

—

FIG. 9B 1s a perspective view o0f electrode stabililizers 1n

accordance wlith certain embodiments.

DETAILED DESCRIPTION

A more complete understandling o

g

the components, processes

and apparatuses disclosed herein can be obtalned by reference to

the accompanvyving drawlng.

representations based on

demonstrating the

The

convenlience and the case of

figures are merely schematic

pre——
h—

present disclosure, and 1s, therefore, not

pre——

intended to 1ndicate relative size and dimensions of the devices

—

or components thereof and/or to define or limit the scope of the

exemplary embodiments.

description for the sake of

re

selected

de

the

numeri1c designations re:

pr— |}

Although speclfic terms

pre——

—

are used 1n  the followlng

clarity, these terms are 1ntended to

—

fine or limit the scope o:

fer only to the particular

the

followling description below,

11

structure of the embodiments

for 1llustration 1n the drawing, and are not 1ntended to

disclosure. In the drawing and

1Tt 1s to be understood that 1like

pre——

"er to components of like function.
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The singular forms "a," "an," and "the" 1nclude plural

referents unless the context clearly dictates otherwilise.

As used 1n the specification, various devices and parts may
be described as "comprising" other components. The terms
“comprise(s),” “l1nclude (s),” “having,” “has,” “can,”

—

“contain(s),” and variants thereof, as used herein, are 1ntended

to be open-ended transitilional phrases, terms, or words that do

pre——

not preclude the possibility of additional components.

—

All ranges disclosed hereln are 1nclusive of the recilted

pre——
—

endpoilnt and i1ndependently combilinable (for example, the range of

—

“from 2 1nches to 10 1inches” 1s 1nclusive of the endpoints, 2

inches and 10 1nches, and all the 1ntermediate values).
As used hereln, approximating language may be applled to

modlfy any quantitative representation that may vary wilithout

resulting 1n a change 1n the basic function to which 1t 1s

related. Accordingly, a value modified by a term or terms, such

as “about” and “substantially,” may not be limited to the precise

value specified, 1n some cases. The modifier “about” should also

be considered as disclosing the range defined by the absolute

pre——

values of the two endpoilnts. For example, the expression %“from

about 2 to about 4” also discloses the range “from 2 to 4.7

pr——

It should be noted that many of the terms used herein are

relative terms. For example, tThe terms “upper” and "lower” are
relative to each other 1n location, 1.e. an upper component 1s

located at a higher elevation than a lower component, and should

12
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not be construed as requlrling a particular orilientatlion or

—

location of the structure. As a further example, the terms

“lnterior”, Yexterior”, “i1nward”, and Y“outward” are relative to a

center, and should not be construed as requlring a particular

pre——

orlentation or location of the structure.

The terms Y“top” and “bottom” are relative to an absolute

pre——

reference, 1.e. the surface of the earth. Put another way, a top

location 1s always located at a higher elevation than a bottom

—

location, toward the surface of the earth.

The terms Yhorizontal” and Y“Ywertical” are used to 1ndicate

direction relative to an absolute reference, 1.e. ground level.
However, these terms should not Dbe construed to requilre

structures to be absolutely parallel or absolutely perpendicular

to each other.

Fmbodiments disclosed hereilin 1nclude apparatus for removing

particulate matter from a process stream contalning particulate
matter, and may 1nclude a mist—-generating member that mixes a gas
stream entering the apparatus with liguid droplets; one or more

lonlizing electrodes that electrically charge the particulate

matter and the liguid droplets; one or more collecting surfaces

such as one or more collection electrodes or surface area

pre——
—

enhanclng member (s) that attracts and enables removal of

electrically—-charged particulate matter and 1ntermixed liguid

—

droplets from the gas stream; and a source of washing fluid. In

certaln embodiments, the one or more collecting surfaces 1nclude

13
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one or more elongated tubes or cells. In some embodiments, the

tubes or cells are hexagonal 1n cross-—-section. In other

embodiments, the tubes or cells are <cilrcular, rectangular or

other polygonal shape 1n cross—-section. Preferably the tubes or

cells are hexagonal 1n cross—-section, are repeating, and are

configured 1n a bundle to form a honeycomb array. In some

pre——

embodiments, each cell 30A has a dlameter of 16 1nches and 1s 10

feet 1n length. Preferably each cell 30A 1s the same size. A

pr—

honevcomb arrangement 1s efficient 1n minimilizes wasted space; a

hexagonal structure uses the least material to create a lattice

pre——

of cells within a given volume. The cells emploved 1n the

—

electrostatic precilpitator may be constructed of any convenlent

construction material consistent with their function, 1i1ncluding

carbon steel, stalnless steel, corrosion—- and temperature-

resistant alloys, lead and fiberglass relnforced plastics. 1In

certain embodiments, the cells are at ground potential duriling

—

operation of the unit. The one or more 1onlzing electrodes may

also provide collecting surfaces.

In certaln embodiments, the WESP unit 100 1s an upflow

design, which eliminates the need for demisting at the outlet,

allows for ligquid and solld contaminants to collect by Jgravity

before they reach (and potentially contamlnate) the collection

pr——

electrodes, and enables a simplified layout 1f exhausting

directly to a stack. However, other designs may be used,

lncluding downflow designs.

14
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Referring now to FIGS. 1 and 2, an exemplary WESP unit 100

1s shown and 1s an upflow design having a vertical orientation.

pr—

One advantage of an upflow device 1s that any water droplets

present are carrled upward by the ailrflow, and eventually caused

to collect on the collecting surfaces. As a result, the upflow

device functions as a demlster, preventing any droplets from

becomling entrained 1n the gas flow that exits the device.

In some embodiments, the unit 100 has a lower 1inlet 12 and

an upper outlet or exhaust 14 spaced from the lower 1nlet 12. The

lower 1nlet 12 may be 1n fluid communication with sultable

ducting or the like to direct process gas 1n a dJdenerally upward

flow to be treated by the unit 100 towards collection surfaces

pr——

that 1n the embodiment shown 1nclude an array 30 of a plurality

of cells 30A (FIG. 2). Preferably the cells 30A are hexagonal 1n

—

cross—section. The array 30 of cells 30A 1s provided 1n the unit

100 1n a region between the i1nlet 12 and the outlet 14. The array

30 of cells 30A can be supported 1n the unit 100 by any sultable

means, such as from the side and/or the bottom by supporting the

pr— pr—

outer perimeter of the array 30 with the use of angle 1rons or

simllar supports. In certaln embodlments, the array 30 may be

formed by coupling 1ndividual plates or walls 1n the desired

pre——
—

shape such as by welding. As can be seen 1n the embodiment of

FIG. 1, adjacent cells 30A share common walls.

In certailin embodiments, the volume of each cell 30A defined

pre——

by 1ts outer wall or walls 1s empty (1.e., devold of structural

15
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pre——

material) except for a mast 50. In some embodiments, the

pr— pr—

furthermost downstream region of the volume of one or more cells

—

30A, 1n the direction of process gas flow (e.g., the region near

the free end of the cell 30A closest to the outlet 14 of the unit

100), 1s occupled by one or more surface enhancing members. In

— —

some embodiments, that portion of volume 1s a volume of the cell

30A that 1s not occupled by a mast 50. In some embodiments each
mast 50 can be pre-aligned prior to assembly 1nto the unit 100.

The masts 50 when positlioned within each cell 30A maintain the

array 30 of cells 30A at a desilired voltage. In certaln

embodiments, the potential difference between the masts 50 and

the collection surfaces 1s sufficlent to cause current flow by

corona discharge, which causes charging of the particulate

entrained 1n the process streamn.

In certaln embodiments, water can be periodically introduced

pre——

1nto the unit and applied to the array 30 of cells 30A to

dislodge particular matter that has collected on the collection

surfaces. A gas distribution device, such as a perforated plate 7,
may be provided to help distribute the process gas evenly through

the cells 30A, wilth similar residence times 1n each.

— p—

"ectlive length of one or more

In certalin embodlments, the e

pr—

collection surfaces such as cells 30A 1n the array 30 of cells

30A may be 1ncreased by providing one or more high area Jgrounded

trap collection surface extensions or surface enhanciling members

90, as can be seen for example 1n FIGS. 1-4. The extensions 90

16
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add effective surface area to the collection surfaces with a

compact design, e.d., wlthout a <corresponding significant

lncrease 1n vertical height of the cells 30A. The added area at

pr— pr—
p—

the outlet of the WESP 1s 1n an area where tThe least amount of

particulate needs to be removed, so the smaller gaps between the
collecting plates, e.g., 0.125 to 2.0 1nches, are not any more

prone to plugging than the normal gaps at the entrance to the

collecting tube where particulate removal 1s much higher. In

—

some embodiments, the majority of the additive surface area

provided by the extension(s) 90 1s 1n the horilizontal directilon,

rather than the vertical direction; that 1s, the vertical

—

component of the surface extension member 1s minimized relative

to 1ts horilzontal component when 1n the unit 100. Per given

pre—— pre——

height of each extension 90, the surface area of each extension

90 1s substantilally Jgreater than the correspondiling surface area

pre—— pre——

of the same height of a cell 30A.

pre——
h—

FIG. 2 1llustrates one embodiment of an extension 90

pr—

assoclated with one cell 30A of the array 30. In the embodiment

shown, the extension 90 has a hexagonal perlmeter matchiling the

pre——

top hexagonal perimeter of the cell 30A, and 1s 1n electrical

communication with the cell 30A. In some embodiments, the

extension 90 1s supported on the cell 30A. In certaln

embodiments, each extension 1s located at or near the downstream

—

end of the array 30 of cells 30A, e.g., downstream, 1n the

pre——

direction of process gas flow from the 1nlet 12 towards the

17
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outlet 14 of the unit 100, of the region where the majority of

the particulate has

PCT/US2021/016728

pre——
—

already been collected on the collection

surfaces of the cells 30A. In other embodliments, the extension or

surface area enhancing member 90 1s located wilithin the 1i1nternal

pr——

—

volume of a cell 30A, 1n a downstream region of the cell 30A (1in

—

the dilirection o:

process gas flow), e.g., a region downstream of

the mast 50 positioned 1in that cell 30A.

—
e

As seen 1n FIGS. 3 and 4, each extension 90 may 1nclude a

—

plurality of connected outer walls which may be one or more outer

pre——

slotted plates 101 defining the outer perimeter of the exXxtension

90. The outer slotted plate or plates 101 may be arranged 1n a

pr—
-

configuration matchling the cross-sectional configuration of a

pr——

cell 30A. In the embodiment shown, that confliguration of the

array 30 1s honeycomb formed by hexagonal units, and thus six

outer slotted plates 101 are provided for the extension 90.

Alternatively,

could be formed 1nto the appropriate con:

using multiple plates to

pre——

plurality of sur:

cach fin 110 extendilng

fewer than si1x plates,

pr—

"ace area lncreaslng components such as

pre——

including a single plate,
"lguration rather than
form the perimeter of the extension 90.

In certaln embodiments, the extension 90 also 1ncludes a

fins 110,

from the outer slotted plate or plates

radially 1nwardly towards the center region 115 of the extension

pr— |}
h—

90. In the embodiment shown, each fin 110 has one or more end

tabs 111 that facilitate attachment of the fin 110 to an outer

slotted plate 101 by penetrating through a slot 102 1n the plate,

18
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preferably two vertically spaced and aligned slots 102. Other

ways to attach each fin to the plate may be used, 1n which case

the plates may not need to be slotted and the fins may not

pr—

requlre end tabs. Accordingly, unlike the wvolume of a cell 30A

which 1s unoccupled except for a mast 50 posilitioned therein, the

—

volume of an extension 1s occupled by surface area 1ncreasing

components such as fins 110.

In an embodiment where the surface area enhancing member or

—

members 90 are positlioned within the internal volume of a cell

30A, the wall or walls of the cell 30A 1tself may be used to

support the surface area 1ncreasing components or fins 110, such

as 1n the same manner as the outer slotted plates 101.

pre——

In some embodiments, the center region 115 of the extension

90 1s deflned by one or more 1nner walls which may be 1nner

slotted plates 121, which delimit the region 115 which 1s devoid

pre——
—

of fins 110. The region 115 devoid of fins 110 may Dbe

pr——

advantageously positioned at the center of the extension 90 to

—

facllitate dralnage of water downward 1n the WESP, which may help

pre——
—

rid The collection surfaces of the c¢cell 30A to which the

pr——

extension 1s assoclated of debris. In other embodiments, the

region 115 can be elimlnated, with the fins 110 extending through

pre——

the diameter of the extension 90.

In some embodiments, each fin 110 has one or more end tabs

112 that facilitate attachment of the fin 110 to an 1nner slotted

plate 121 by penetrating through a slot 113 1n the plate 121,
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preferably two vertically spaced and aligned slots 113. Other

ways to attach each fin 110 to the 1nner slotted plate 121 mavy be

used, 1n which case the 1nner slotted plates may not need to be

slotted and the fins may not require end tabs. The fins 110 thus

extend radilally from the outer slotted plates 101 to the 1nner

—

slotted plates 121 as shown, and provide surface area for

pre—— pre——
—

collection of particulates. In certain embodiments, the length of

cach fin 110 (e.g., from outer slotted plate 101 to 1nner slotted

pr—

plate 121) 1s more than one times the height of the fin 110,

pr—

preferably 2 or more times the height of each fin 110. In some

pre——

embodiments, the surface area of an extension 90 1s greater than

—

elght times the surface area of the equivalent cell 30A height.

pre—— pre——

An advantage of the extensions 90 1s the reduction of the

mlgration distance for partiliculate to travel until 1t contacts a

—

collection surface, such as a reduction to less than 1/8 of the

distance particulate must travel to contact a surface 1n a cell

30A.

In certain embodiments, the fins 110 are equally spaced. In

certaln embodlments, the spacing between fins 110 1s such that

there are no gaps Jreater than about 2 1nches. In certailn

embodiments, the spacing between fins 110 1s 0.125 to 1.0 1nches.

In some embodliments, the fins 110, when assembled 1n the

extension 90, define a substantially flat or planar top surface

as seen 1n FIG. 3. This substantially flat or planar top surface

pr—

provides a walking surface for maintenance personal tTo malntaln
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—

the upper plenum, for example. As see 1n FIG. 4, 1n some

embodiments each fin 110 has a curvilinear bottom edge. The

curvilinear bottom edge has a first generally stralght region

117A, followed by a sloping generally parabolically shaped region

117B that termilinates at an 1nner slotted plate 111. The

curvililinear bottom 1s desligned such that the extension bottom and

pr—

the top of the electrode mast mounted 1n cell 30 maintaln a

constant distance. This distance should be no closer than the gap

between the current emitters on the mast 50 and cell 30 walls and

pr—

no Jgreater than 125% of this gap, preferably less than 110% of

this gap. Malntalining the gap 1n this range will prevent a short

—

circult of the electrical field while malntaining an electrical

pr—

field strength at the bottom of the extension similar to field

strength that exists 1n cell 30 below. Malntalning the electric

pr—

field strength at the i1inlet of the extensilion gives particles the

pre—— pre——

greatest chance of getting collected 1n the smaller gaps of the

collecting electrode extension. Those skilled 1n the art will

—

apprecliate that each fin 110 may have a different shape without

—

departing from the spirit and scope of the embodiments disclosed

pre——

herein; a key objective of the extension 90 being to provide

additional surface area for particulate collection, particularly

pr—

without adding significantly to the height of the collection

surfaces. The extensions 90 do not 1nhibit airflow to any

B

significant extent, e.g., they cause less than 0.1 1nches H;0) of

pr—

B

pressure drop, vet provide particulate collection efficiency of
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B

at least about 30 to about 80%, preferably at least about 40%, of

the equivalent cell 30A surface area.

In certaln embodiments the 1onizing electrode mast 50, could

extend through the extension 90. In this embodiment the mast
would need to be covered 1n an 1nsulating material such as

ceramlc where 1t passes through the extension to prevent an

electrical short circuit. This 1s not a preferred embodiment

because a conductiling material, most notably water, could deposit

—
e

on tTthe outside of the 1nsulating material and provide an

electrical path between the 1onizing electrode mast 50 and the

extension 90 causling an electrical short circuit.

—

"ectl1ve surface area of the

Other ways tToO 1ncrease the e

collection surfaces without substantially 1ncreasing thelr

height, such as by similarly attaching fins or other members tO

pr— pr—

the ends of one or more cells 30A (or i1nternally of one or more

cells (30A) 1n a different confiliguration, e.g., concentric

clrcles or hexagons, are contemplated and within the scope of the

embodliments disclosed herein.

pr——

FIG. 5 1llustrates an embodiment of supporting an extension

90 on a cell 30A. In the embodiment shown, each extension 90 1s

mechanically attached to a cell 30A by aligned i1nterconnectilions,

which facilitates theilir removability from the «cell 30A for

pre——

cleaning or malntenance, for example, without damaging the

extension 90 or the cell 30A and thereby allowing the extension

90 to be reused or replaced when maintenance and/or cleaning is
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completed. These 1nterconnections may be provided by cylindrical

pre——
h—

posts 85 that have three bottom slots 8/ (one shown), each of

—
e

which accommodates the free end of a top wall 300 of a cell 30A

pre——
—

at a Y-shaped 1ntersection polnt of a honeycomb array. In the

—

embodiment of cells 30A, the slots 87 are separated by 120°.

—
e

Similarly, cylindrical posts 85 have three top slots 88, each of

which accommodates a fin 110 that extends radially beyond the

outer slotted plate 101 such as at a bend or junctilion between two

outer slotted plates 101 (e.g., fins 110A 1n FIG. 4). When

assembled, the cylindrical posts 85 thus support the extension 90

on the cell 30A. In certaln embodiments, the cylindrical posts 85

pr— pr—

can be placed at all si1x corners of each extension 90 for full

—

support on each respective cell 30A. Other means of supporting

the extensions 90 on the cells 30A may be used and are within the

scope of the embodiments disclosed herein. Preferably the

supports are constructed to facilitate easy removability and

—

replacement of the extensions 90, such as to facilitate cleaning

—

of Tthe collection electrodes.

In certaln embodiments the extensions 90 could be mounted

and 1n electrical communication with Dbottom of collecting
electrodes. Such an arrangement may be preferred 1f the process
flow through the WESP was downflow. This 1s not a preferred

embodlment 1n appllcations with high particulate loading because

all of collected particulate would need to be washed through the

extension and the smaller gaps 1n the extensions could potential
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plug and requlre manual cleaning.

Turning now to FIGS. o6, 7 and 8, 1n some embodiments, an

—

upper or downstream (i1n the direction of process gas flow from

the 1nlet 12 to the exhaust 14) high voltage frame 40 (FIG. 0)

—

and a lower or upstream (1n the direction of process gas flow

from the 1nlet 12 to the exhaust 14) high voltage frame 41 (FIGS.

pre——

/7 and 8) are provided and are suspended from the roof or top wall

406 of the unit 100 with suitable supports 1ncluding one or more

support rods (three shown as 45A, 45B and 45C). In certaln

embodiments, the upper high wvoltage frame 40 may 1nclude four

connected support members 40A, 40B, 40C, 40D that form

rectangular upper high voltage frame 40 as shown. The top wall 46

pre——

of the unit 100 may be electrically 1nsulated from the support

rods 45A, 45B, 45C wlth respective 1nsulators (not shown), which

may be housed 1n respective 1nsulator compartments. In wvarious

embodiments, the lower high wvoltage frame 41 may be supported

from the top wall 46 such as vilia top wall-mounted i1nsulators, or

may be supported from side wall-mounted 1nsulators.

In certain embodiments, the lower high voltage frame 41 1s

supported from the high wvoltage frame 40 by one or more support

electrodes 37, preferably four. By providing the lower high

voltage frame 41 1n thilis way, the collection surface extensions

90 can be easilly accommodated 1in the unit 100.

—

The support electrodes 37 may support a plurality of rigid

electrode support beams 49 (FIG. 7), which 1n turn support the
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lonlzing electrodes or masts 50. In certaln embodliments, the
rigid electrode support beams 49 are spaced and posilitioned 1n a
parallel horizontal array, cach respectively supporting a

— pr— pr—

plurality of masts 50. Each of the plurality of masts 50 may be

generally elongated and rod-shaped and extends upwardly 1nto a

respective cell 30A, and 1s preferably positioned 1n the center

pre——

of each cell 30A and 1s coaxial tTherewith. Since 1n this

embodiment the masts 50 are supported from the bottom by the

pr—

plurality of rigid electrode support beams 49, thelir free ends

pre——

are downstream, 1n the direction of process gas flow form the

inlet to the outlet, of their supported ends. Preferably the

masts 50 are relatively short (e.g., 1less than 12 feet long,

e.g., 10-12 feet 1long) to minimlize deflection. To further

pre——

minimize deflection, the walls of the masts 50 may be thicker

than conventional, e.g., 0.083 1nches thick. Further still],

pre——
—

cross—-bracling may be used to prevent sway of the support

structure, e.g., 1nsulated rods or struts connecting the upper

high wvoltage frame 40 and/or lower high voltage frame 41 to a

pre—— pre——

wall of the WESP. In certaln embodiments, the volume of each cell

pre——

30A defined by 1ts outer wall or walls 1s empty except for a mast

—
e

50. As can be seen 1n FIGS. 7 and 8, 1n some embodiments each of

the masts 50 1s attached to a rigid electrode support beam 49

with a single bolt or other fastener 99, and each mast 50 can be

pre—-aligned prior to assembly 1nto the unit 100. In some

embodliments, sultable position adjusters can be provided on the
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masts 50 or support beams 49 to properly position them 1n the

unit 100.

In certaln embodiments,

pre——

OL

the masts 50 can

electrodes or cells 30A.

o0,

preferably at least three,

pre——

Lar

enough above the

electrical short circuit,

as shown 1n FIGS.
extend past the

In this embodiment,

collection

to stabilize the masts 50.

should be a minimum of 110%

and preferably greater than 125%

OA and 9B,

the top

top of the collecting

CWO Or more masts

can then be connected at a height

electrode to prevent an

This height

—

OL

the distance between the mast 50 and the collection electrode. In

some embodlments, that height 1s

embodiments,

or plates 400 (three shown)
masts 50,

(FIG. 9B).

An aperture 402 can be

recelve the roll pin.

gauge metal plate about 3 i1inches 1n height.

attached to the plates 400 to prevent the masts 50

movement.

In certaln embodiments,

100,

pr—

inlet or 1nlets 12 of

the outlet or outlets 14.
lonlizing electrodes or masts

the 30 of

such as array cells

26

a stabilizer assembly includes a plurality of

that are coupled to the upper end of

about Ten 1nches. In some

—

straps

pre——
—

such as with a roll pin that locks the mast 50 1n place

"ormed 1n each plate 400 to

n one embodiment,

during operation of

A corona discharge 1s e

cach plate 400 1s a 14

Top plates 410 may be

from vertical

pre——

the precipltator

a particulate-laden process stream 1s 1ntroduced 1nto the

the unit and 1s directed upwardly towards

—

"ected between

50 and the collection electrodes

30A, which causes charged
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particulate 1n the gas stream to deposlit on the collection

surfaces. Accumulated particulate deposlits can then be removed

such as by washing with a water spray.

Whlile wvarious aspects and embodliments have been disclosed

herein, other aspects, embodliments, modlifications and alterations

will be apparent to those skilled 1n the art upon reading and

understanding the preceding detalled description. The wvarious

pre——
h—

aspects and embodiments disclosed hereln are for purposes O

11llustration and are not 1ntended to be limiting. It 1s 1ntended

that the present disclosure be construed as 1ncluding all such

aspects, embodiments, modifications and alterations 1nsofar as

they come within the scope o0of the appended c¢lalms or the

B

equlvalents thereof.
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What 1s claimed 1s

1. An electrostatlic preciplitator,

an 1nlet
sald 1nlet

collection

INONS

SUL

—

pr—

dCe

comprising

comprilising:

exhausting treated gases,

OLne Or

PCT/US2021/016728

a housiling having

for a gas process stream and an outlet spaced

d

more

fTrom

particulate

collection

electrodes positioned within said housing between said i1nlet

and salid outlet,

housing,

each

respective collection electrode,

one oOr more 1onlzing electrodes 1n said

lonizing electrode belng assoclated wilith a

and at least one collection

surface exXxtension 1n electrical communication with a
collection electrode, sald collection surface extension
comprilising a plurality of spaced fins.

2. The electrostatic preclpitator of claim 1, wherein there are
a plurality of collection electrodes having a hexagonal
cross—-sectlion and forming a honeycomb array of hexagonal
cells.

3. The electrostatic precipitator of claim 2, whereln there are
a plurality of collection surface extensions, cach
collection surface extension comprising a hexagonal

perimeter and beilng supported on a respectlve collection

electrode.

. The

collection sur:

inner wall spaced

pre——

plurality of

lnner wall.

spaced

electrostatlic precipitator

fins extend

28

g

OL

"rom sald outer wall,

claim 3,

whereln

cach

"ace extension comprilises an outer wall and an

and whereln said

from sald outer wall to said
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g

5. The electrostatic precilipitator of c¢laim 3, wherein each

collectlion electrode extension 1s mechanically supported on
a respective collection electrode by one or more supports
providing aligned 1nterconnections between said collection

electrode and said collection electrode extension.

pr—

o. The electrostatic precipilitator of c¢laim 5, whereln each

support 1s a slotted cvylindrical tube.

/7. An electrostatic precipitator, comprising: a housing having

an 1nlet for a gas process stream and an outlet spaced from

—

sald 1nlet for exhausting treated gases, a particulate

pr—

collection surface comprlising one oOr more collection

electrodes positioned within said housing between said i1nlet
and said outlet, one or more 1onizing electrodes 1n said
housing, each 1onizing electrode belng assoclated wilith a

respective collection electrode, and at least one collection

surface extension 1in electrical communication wlth a

collection electrode, wherein each collection electrode

comprises a cell having a cell surface area and a cell

heilight, cach collection surface extension having a

collection surface extension surface area and a collection

extension surface height, and wherein said collection

surface extension surface area 1s at least four tTimes

—

greater than said cell surface area for each said cell

height equivalent height to said collection surface area

heilght.
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pre——

8. The electrostatlic precipltator of claim 7, whereln there are

—

a plurality of collection electrodes having a hexagonal

pr——

cross—-sectlion and forming a honeycomb array of hexagonal

cells.

—

9. The electrostatilic precipltator of claim 8, whereln there are

pr—

a plurality of collection surface extensions, cach

collection surface extension comprlising a hexagonal
perimeter and belng 1n electrical communication with a
respective collection electrode.

pre——

10. The electrostatic precipitator of claim 9, whereln each

collectlon surface extensilion comprilses an outer wall and an

inner wall spaced from sald outer wall, and wherein said

pre——

plurality of spaced fins extend from said outer wall to said

lnner wall.

B

11. A method of removing particulates from a process stream,
comprising:
providing a particulate removal device comprilsing a
housing having at least one 1onizing electrode charged by a

high voltage source, at least one collection electrode, at

least one 1nlet for said process stream, at least one outlet

spaced form said 1nlet, and at least one collection surface
extension 1n electrical communication wilith sald at least one
collection electrode;

creatlng a corona dilischarge between sald at least one
1lonizing electrode and sald at least one collection

electrode;
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12.

13.

14.

15.

16.

introducing salid process stream 1nto sald 1nlet whereby
sald process stream contacts sald at least one collection
electrode;

causlng particulates 1n sald process stream to deposit

on sald collection electrode and collection surface

extension; and

removing sald deposited particulates from said

collection electrode and collection electrode extension.

pr——

The method of claim 11, wherein there are a plurality

pre——

of collection electrodes having a hexagonal cross—-section

—

and forming a honeycomb array of hexagonal cells.

The method of claim 12, wherelin there are a plurality

pre——

of collection surface extensions, each collection surface

extension comprising a hexagonal perimeter and beilng

supported on a respective collection electrode.

The method of claim 13, wherein each collection surface

extension comprilses an outer wall and an 1nner wall spaced

pre——

from said outer wall, and wherein said plurality of spaced

fins extend from said outer wall to said 1nner wall.

The method of c¢laim 13, wherein each collection
electrode extension 1S mechanically supported on a
respective collection electrode by one oOr more supports
providing aligned 1nterconnections between sald collection
electrode and saild collection electrode extension.

An electrostatic precilpitator, comprising: a housing

having an 1nlet for a gas process stream and an outlet
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17.

18.

pre——

spaced from saild 1nlet for exhausting treated gases, a

particulate collection surface comprising one oOr more
collectlion electrodes positioned wilithilin said housling between
sald 1nlet and said outlet, one or more 1onlzing electrodes
1n sald housiling, each 1onizing electrode belng assoclated
wlith a respective collection electrode, an upper high
voltage support grid posilitioned 1n saild housing downstream,

pr—

1n the direction of gas process stream flow from said 1nlet

pre——

to said outlet, of saild particulate collection surface, and

a lower high voltage support grid positioned 1n salid housing

pr—

upstream, 1n the direction of gas process stream flow from

—

sald 1nlet to sailid outlet, of sailid particulate collection

surface, salid lower high wvoltage support grid supporting

sald one or more 1onlzing electrodes.

pre——

The electrostatic precilipitator of c¢laim 16, further

comprilsing at least one collection surface extensilon 1n

electrical communication with a collection electrode, said

pre——
—

collection surface extension comprilising a plurality of

spaced fins.

—

The electrostatic precipitator of c¢laim 16, whereiln

pr—

sald housing has a roof, said device further comprising

—

electrical 1nsulators supported from said roof wherein said

lower high voltage support grid 1s connected to and

supported by sald 1nsulators.
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19. The particulate removal device of claim 16, wherein

sald lower high voltage support dJgrid 1s connected to and

supported by said upper high voltage support grid.

pr——

20. The particulate removal device of claim 16, wherein

sald housing has side walls, and wherein said lower high

voltage frame 1s supported from electrical 1nsulators
mounted 1n 1nsulator compartments on sald side walls, below
sald at least one collecting electrode.

21. An electrostatlic precipiltator, comprilising: a housing

having an 1nlet for a gas process stream and an outlet

—

spaced from said 1nlet for exhausting treated gases, a

particulate collection surface comprising one oOr more
collection electrodes positioned within said housing between
sald 1nlet and said outlet, one or more 1onizing electrodes
1n sald housiling, each 1onizing electrode belng assoclated
wlth a respective collection electrode, each collection

p—

electrode having an 1nternal volume a first region of which

1s occupled by 1ts respective 1onizing electrode and at

—

least a second region of which 1s unoccupied by said

—
-

lonlizing electrode, wherelin at least a portion of said

second reglon 1s occupled by one or more surface area

enhancing members.

—

22 . The electrostatic precilpitator of claim 21, wherein

pr—

cach said portion of sald second region occupled by said

pre——
h—

surface area members 1s downstream, 1n tThe direction of

—

process gas flow during operation of sald electrostatic
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preclpltator, of sald respective 1onizing electrode that

—

occuples sald 1nternal volume of said collection electrode.
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