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This @ invention relates to devices for providing an

electréstatic charge to particles and in particular relates to a
device for eleétrostatically charging a flow of .a lsorbent or
particulate matter for injection into a polluted gas stream to
create a ‘highly charged field therein causing ‘the pollution
particulates to become charged'by contact with and adhere to the
charged and sorbent particles and agglomerize together for passage
to a granular filter wherein the sorbent and pollution particles
with édhering materials are captured by the granular material of

the filter, cleaning the gas flow.

Prior Art

Devices for charging particles are, of course, not new, and
electrostatic guns for introducing electrostatically charged
sorbent particles into a gas stream so as to create a large charged
surface area therein that induce charging of the particulate matter
contained"in a polluted gas flow have heretofore been available.
Examples of such electrostatic gun and antenna devices are shown,
for example, in U. §. Patents to Schuff; U. S. Patent No.
4,220,478; and to Schuff, U. §. Patent No. 4,250,786, and as set
out in earlier U.S. Patent Applications of the inventors identified
as "Apparatus For Remoying Particulate Matter and Gasses From a

Polluted Gas Stream" filed June 14, 1993, and a method set out in
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the filter, cleaning the gas fl ow Prior Art ‘Devi ces for
charging particles are, of course, not new, and el ectrostatic guns for

i ntroduci ng el ectrostatically charged 2 - sorbent particles into a gas
streamso as to create a | arge charged surface area therein that induce

chargi ng gf yf hes pafdvieni! dire 4FM t BfventorgOintiitedai muatned | Bbedr@dsyidoW

have heretof ore been avail abl e. Exanpl es of such electrostatic gun and
ant enna desrtisulmte dhowar and EGassescafgdme,a Pollutgd Gaspgteeam” tHLIRchuff ;
U S Patent No. 4,220,478; and to Schuff, U S. Patent No. 4,290, 786,

and as set’¥re® 1&%ytl%Pd-earlier U S. Patent Applications of the inventors

i dentified Ry 1APPEEASeEPE RRDWIRIpERLEt LdH @bRLMY (apa@BEusATRES
From a Pol?ut eé Gas Streant. filed June 14, 1993, and a nethod set out

in methods been developed, like those 2etgour a&ovpatthqt oovihée iferent or s

entitled "Method for Renovin Particul ate Ma}tgr and Céass§s From a
Pol | ut ed the sgg@ggﬁnqiqqgjef ective removal o ine particulate matter,

particularly submicron size particles of pollution. Even with such
earlier particulate removal systems substantial difficulties have
been experienced, due to a lack of system versatility as, for
example, when such systems were required to meet strict pollution
removal requirements as have been imposed by governmental agencies
for the removal of such particulate matter. In particular, such
systems have lacked versatility to alter sorbent injection flows
and sorbent particulate charging for different gas stream pollution
states, which versatility is now provided by the system of the
invention.

Like the earlier Schuff patents, the present invention
involves an improved charging gun-fof.imparting an electrostatic
charge into a flow of sorbent materials. Unique therefrom,
however, the invention provides an electrostatic charging gun that
receives a supply voltage that can be varied according to the
volume and type of the sorbent particulates injection into the
polluted gas stream, so as to provide a maximum surface charge onto
each sorbent particle. The sorbent particles, that all bear the
same charge, will repel one another and are accordingly rapidly

dispersed through the gas stream. This creates a large charged



Jﬁme 187 1993. Only in recent years have air pollution control
apparatus and nethods been devel oped, |ike those set out above, that
provide for the efficient and effective renoval of fine particulate

matter, particularly submcron size paBticles of-pollution Even mﬁth such
earlier art| Iate renm I Ssyst su Lal dif{iguld have
experi enceﬁ e 184" Ia\é% of X‘Z‘ g&g% vg?}sﬂg?é QELLL% gdlmgl of

such syste
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into the polluted gas stream. Whlch flow rate variability is to

provide for a sufficient volume of charged sorbent particulates in
the gas stream to completely react with the volume of pollutants,
both particulate and gasedus, as are present in a particular
polluted gas stream. The ability to select a particular volume of
sorbent particles passed from a hopper system of the invention
provides for a sorbent presence to effectively react with all the
pellutants as are actually present in the gas stream. Such
reaction provides for agglomerizing those particles and sorbent
particles, with the selected sorbent particles also chemically
reacting with the gaseous pollutant submicron size particles, the
agglomerized and reacted particles then removed by passage through
an arrangement of ﬁoving and static media material beds.

The gas flow containing agglomerated particulates and sorbent
particlés with captﬁred_ pollutants is passéd to a series of moving
and static media bed arrangements that provide for the removal and
collection of <the sorbent ‘reacted products, particulates and

pollution gases from the gas stream, cleaning that gas stream that



each sorbent particle. The sorbent particles, that all bear the sane
charge, will repel one another and are accordingly rapidly dispersed
through the gas stream This creates g;large charged

3 surface area, that, in turn, induces a maxi num charging of the

particul at gs"pideveWtbdith bRabsfiterSt MAMNaLEDE Se LR SERGE £ &M rhQus ang

aggl onerate the subm cron and | arger particulates, wth the gaseous

pol | ut ant s mehkod c akgnteadriengexdinpiesheefhtihgedtatebarft pridr claes, andk with
the particles in a npedia material s bed. ) The above set out capability
to vary th?rEﬁ%‘th"r%é"’Bft?‘ggapéFé'@f FOStRRT T YA TB T IR bRt PIADI B ded
to accommo C bi ¢4 for yi fsl t ,particles
i nj ected ?ﬁ%g“t de %(%?I uétjé%%das s?i?éeagggs%/ﬁ?cﬁnﬁgg\%v%gt ceg"\?%rg?’g%.gu yesles to
provi de foBefisidrddieiseny iradlnddngfa capagedy stbeshtpallimyitakesoltne Id¥e gas
streamto conpletely react with the volune of pollutants, both particulate
and gaseou§orbert gagepialichtoy ®nad Har tatiNskingpelechrastghicsehangindlied

ability totﬁgéeggtg%fgf}lCxl%ﬁoggiyngoggrolled volume of highly charged
sorbent particles is thereby provided for completely reacting with
all the particulate and gaseous pollutants are present in a

specific polluted gas stream.

SUMMARY OF THE INVENTION

It is a principal object of the present invention to provide
a hopper system and electrostatic gun for inclusion with apparatus
for the removal of pollutants from a gas stream, the electrostatic
gun for electrostatically charging and injecting a selected volume
of sorbent particles, as it has received from a hopper system into
a polluted gas stream, where the volume of sorbent materials and
the charge applied to the individual sorbent particulates can be
varied according to the types of poilutants and their volume found
within the gas stream.

Another object of the present invention is to provide an
electrostatic gun for electrostatically charging a flow of sorbent
material particles, under pressure, where the charging voltage é;n
be varied for fully charging the sorbent flow particles, providing

a maximum change on all of the particles as are injected into a

polluted gas stream.
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sosbent « particles passed froma hopper system of the invention provides

. for a sorbent presence to effectively react with all the . pollutants as are
actually present in the gas stream Such reaction provides for

aggl onmeri zi ng those particles and sorbent particles, with the sel ected

sorbent particles.also,.chem cgll react i wi th the gaseous pol | ut ant :
subni-cron si zellnpozsicr elrcl°é°§,e°?he°% _a%ﬁgﬁ deriged HhFEse: g(f g%"rt?%l"ve’sdet Hh

removed by)eessagatibr gughtnat AksaRg®ARPE1OWNEBYI Bz@Nds Statéced®di g
mat eri al beds. ~ The gas flow containing aggl onerated particul ates and
sorbent peafeirddasingth REAFLGRAYr phldvlcdnssrbentymstediabs susdy that af11OVi Ng
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gases frog fdieindas chbf§am cleaning that gas streamthat
4 is then vented to atnosphere. The above cited Schuff apparatus and

met hod pat ent sAratber eotaigiteef dfhet peesént dnvlenpiborisatd, pruiti qar @ IR
limted capacity for particulate removal from high volune polluted gas
flows. TRESHIRSEM 3IhRIAGERSEFEICoRBR thateincludes a capability for

adjusting the flow rate or volume of sorbent materials to
accommodate the electrostatic charge applied thereto to provide a
volume of fully charged sorbent particles for injection into a
polluted gas stream that has particular make-up and volume of
-pollution constituents.

Still another object of the present invention is to provide
a hopper system and electrostatic gun for inclusion with apparatus
for removing essentially all pollutants from a variety of gas
streams that is safe and reliable to use and is relatively
inexpensive to maintain. '

These and otheér objectives of the present invention will’
become apparent to those knowledgeable and skilled in the art Qith
the description set out below.

Briefly, the hopper system and electrostatic gun of the
present invention provide an arrangement for electrostatically
charging and-injecting a controlled volume of -sorbent material into
a polluted gas stream. The electrostatic gun may itself be sized
to handle a particular volume of sorbent material that is itself

variable at the hopper system, and more than one hopper system and
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deflciencies by including a capacity for controlling the volune of sorbent
material flow and for adjusting electrostatic charging of that material. A
closely controlled volune of highly charged sorbent particles is thereby
provi ded for conpletely reacting with akl the particulate and gaseous
pollutants are present in a specific polluted gas stream

5 electrostatic gunSWYARY @Erihed N\VENTEEA a required svalumehjert
of the present invention to aneliorate one or nmore di sadvantages of the
prior art. charged sorbent particles into a polluted gas stre to fully

According t gnaee a88eSs: Rt pREEARNL bl VEN'thAR SAIPLErban W bEde 2 figPPer

system and e rostatic gun I njection of an el ectrostatic charge
sorbent int esgepidlliyedayais tisé r gwmasigar tpaoftiznlapparmeturerf, or inenmdngg

particulate matter and gaseous pollutants conprising, a hopper system
i ncl udi ng aSYPRieTRRt SRAS PHEClEnRERT ddreyBat s SR -si Tee charged Sorbent

particles injected into the polluted gas stream are to fully charge
all of which pollution particles and to collect, on their surfaces,
essentially all the submicron size pollution particles present in
that stream. The gas stream with entrained agglomerized charged
sorbent and pollution particles is then passed to. a filter
apparatus for removal of all the agglomerized pollution and sorbent
particles that are then passed for recovery, recycling, or
disposal, with the now clean gas stream vented to atmosphere.

The hopper system of the invention provides for meﬁering dry
powdered sorbent materials into an air system from a regenerative
blower utilizing a mechanical screw feed that is designed for
providing a metered dry materials flow. The system can be either
a volumetric feed system or a loss-in-weight, system, each to
provide an accurate feed of dry sorbent materials as required for
a particular pollution particulate content. The sorbent particle
flow is mixed with a controlled volume of air from the regenerative
blower in an ejector venturi, with the mix of air and dry sorbent
materials then passed into a barrel of the electrostatic gun.

A diameter of the barrel of the electrostatic gun is selected
for the particular volume of sorbent and air mix flow it is to

receive and includes a charging wand installed longitudinally in

This Sheet Has Been Rzﬂlaced




wald s that can be opened for receiving and nmaintaining a volume of a dry
sorbent material; nmeans for proving a flow of a nmeasured. volune of dry
sorbent materials through a conduit ngans for mxing with a flow of air
under pressure; a blower neans connected to said conduct neans to pass a

trolled fl i d condujt th said vol f
(ry. sor bontarh BTHL MRS S5 FBYPRO LD h ¥ SEHPBAEES c!e“ora&esﬁ?l'ef:séﬁc#fﬁe" |

connect ed ALy AR SlRelEast é‘tMi;rg%ltﬁeeeé&%r{éJ%ﬁEhErQélr!u‘di'&x'du‘é g
housi ng contaifiing a straight barrel having a snooth 1nhner bore iInc u Ing a

fitting neanhst flor faomnect socpdrd: gairtisded qresSfezedhirbugh t 0 WhdeRi pessSagdl
flow of dry sorbent, which said barrel bore opens t her et hr ough for

provi di ng PESYIARS t Bliaithe | dhAbridnap sB?’b‘%?ﬁ aﬁartt‘iﬂrﬁfec‘t%th a® afteprsh
forvard endyel@dbdatle Lhlx eeC@hxwan { Be Slafld BRLAtiARLLnglAlgRd Aol bent

particles and Injecting t into a stream a charging wand,
formed frenapged rs%lrgbhtsmﬂﬂﬂe@f aﬁél t&ie&ﬁﬁ.ﬁpé&téd/ atandikddneRdBhes i Ble

mai ntai ned longitudinally in the center of said barrel, and connects, at a
rear end oPolENRRXmRYiFiFesnd, The eﬁPrhet%uIP&FGFCh%nsas aFhenhAve oFikeeans
wi th neans for connection to said chaj‘]_g1 wand a va |abI€ sour ce

of el ectri CARTFer o8 TP HfRAY CBE LATTE: tBoWé?wt FaCE2 PR R or
means to S%h%:féﬁgéglgl&e%nghépeﬁﬁthe ﬁmqunap&pﬁ%aaéa&céw 9fie M\%y]d' ng

sai d chargli ng wa | ectrostatically charge individual particles
sorbent natRardgdd t gt copasst t wetiebyhandhargedi speamd partd c3akd apdl lateed
gas stream and nmeans for adjusting the electrical power supplied to said
char gi ng wasElategizey Faerev ki nhe ahegoedsternient BaEF il aso2apprasdunstel y
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pollutants, also forming agglomerized particles
The electrostafic gun of the invention is arrénged to provide
a corona discharge around the charging wand that can be varied to
accommodate different flows of sorbent materials as have been
selected for reacting with the constituents of a particular gas
stream. Also, multiple electrostatic guns, each for receiving a
like or different sorbent flow, as determined, can be provided a
greater volume of sorbent particles as required to charge a large
volume of polluﬁion particles as are pfesent in a pollution gas
stream, reacting with all the pollutants in that gas streaﬁ.
The charged sorbent particles, that are preferably fine grain
particles, after passage th:ough the electrostatic gun or guns all
bear the same charge and thgreby repel one another and are rapidly

dispersed in the gas stream. The gas stream particulate matter,
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7 Ff * DESCRI PTI ON OF THE DRAW NGS In the draw ngs

that illustrates that which is presently regarded as a best node for
carrying out the invention: _
8 : Fig. 1is a profile perspectiJ% vi ew of an apparatus for renoving

particul ate_patter . gnd seQus Il utant.s from | ut as_stream t hat
i ncl udes %ﬁ%"hoﬁ%’é‘eﬁl%%st g% a‘or'igrgée)ﬁoecsforl SR BﬁgFgﬁg)ir]egs g%’g’agf f'ﬁ’é‘g to

i nvent i 0N aggNem&FM B8gé e NORPAN tBY HHBR pheetd N tdaYy SPeBt roBderi al s
to a first electrostatic charging gun, a power supply and controls for ~
whi ch fireithl eotir astrect shbmigrep geizendashibmliery, a)ki bragkon thenesamean

opt i onal ' ing a flow of charged

o ﬁ:?lgcond el ecérostagi C ch‘g{ gl ?g un fvor 'gnﬁa%g A .

y sor beft2PET (376 852 BAFEE WS HTRFutBE & BY a3 (FF-&A0 TSt i ng

with the ROlditi9P; PArLLStH A 65e 1 B PR3hutP8s Sbh&AM tBddaratus. Which
apparatus provides a series of moving and stationary granular
media material filter beds that are serially arranged in a
collecﬁion section housing for removing the agglomerized pollution
and sorbent particles, thereby cleaning the gas stream that can
then be vented to atmosphere. Whereafter, collected materials can
themselves be cleaned by screening for disposal or, as required,

can be recycled for reuse as media material for a moving bed

filter.

DESCRIPTION OF THE DRAWINGS

In the drawings that illustrate that which is presently
regarded as a best mode for carrying out the invention:

Fig. 1 is a profile perspective view of an apparatus for
removing particulate matter and gaseous pollutants from a poiluted
gas stream that includes the. hopper system and electrostatic
charging gun of the invention, and showing the hopper system for
feeding dry sorbent materials to a first electrostatic charging

) gun, a power supply and controls for which first electrostatic
charging gun and showing, in broken iines} an optional second
electrostatic charging gun for injecting a flow of charged dry

sorbent particles into the polluted gas stream, charging and

reacting with the pollution particulates in that gas stream that

This Sheet Has
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9 is then directed through multiple noving beds and a static bed of a
filter media material to renove aggl omerized particles of pellution and
sorbent particul ates for processing, andgprovides for wventing the cleaned
streamto atnosphere; Fig. 2 is an"enlarged side elevation

erspective_ vi ew of the opper stemof Fig., 1 that provides for passin
g megsured ¥ Tthee d&FEEB‘F‘geﬁ{) 9“9?%}“}’5?%9}% g’d‘“?e%fg? eg?%ﬁoﬁta\ﬁﬁérﬁg‘ﬁ ‘?fha?
flowis mxedwibh ypldiae picdlfaiundgr r@h%%aurfg@%eﬁzaas t'i'&tlgs

barrel of the electrostatic charglng gun of Fig.” 1; I g. I's an
enl arged si ge1nitE\vat and smrewnofpaartlecmateerﬂwdpnecnéssnfngt,henelp&civlidesaﬁazc

charging gun of Fig. 1, showi n gun housing with sections thereof
br oken amayV?QF1ﬂ§< B§e°1%ﬁPeqré%ﬁF&PoF°eﬂﬁF9fPB&FFel t hereof, and showing, in

broken 11i nes, fhaEg%anma&t}@&Fgfaé Aéfe%qtagﬂ ?@i—%ﬁ%ﬂ%@ Lengi dadipal I'y
in the center % hé& barrel an arged sectional view
taken w thi Hoﬁﬁ& kiy8€erdt of rid.of thig. p:%v:.des for passing a measured volume

of sorbent materials into a venture throat wherein that flow is

mixed with volume of air under pressure and is passed into a barrel

of the elecfrostatic charging gun of Fig. 1;

Fig. 3 1is an enlarged side elevation view of a first
embodiment of the electrostatic charging gun of Fig. 1, showing the
gun housing with sections thereof broken away to expose an
insulator and a barrél thereof, and showing, in broken lines, a
charging Qand that is fitted and maintained longitudinally in the
center of the barrel,

Fig. 4 is an enlarged sectlonal view taken within the line 4 -

4 of Fig. 3; ’

Fig. 5 is a forward end sectional view taken along the line
5§ - 5 of Fig. 3; and

Fig. 6 is a view like Fig. 3 only showing another embodiment
of an electrostatic charging gun of the invention that can be
formed from a ceramic material, silicone rubber, or Poly-propelene

plastic.

DETAILE ESCRIPTION

Fig. 1 shows a profile perspective view of an apparatus for

removing particulate matter and gaseous pollutants from a polluted



Figf 5i% a forward end sectional view taken along the line 5 - 5 of Fig.
3; and Fig. 6 is aviewlike Fig. 3 only show ng anot.her enbodi nent

of an electrostatic charging gun of the invention that can be fornmed from
a ceramc tmaterial, silicone rubber, or Poly-propel ene plastic.

DETAI LED [QaaCRi#HddaN 10, h&r@inattehbowserarpedf idee fer appetdiies Vigw @haan
apparatus for renoving particulate matter and gaseous pollutants froma
pol |l ut ed includes a hopper system 11 and an elect@ostatictcheapibg, gun 12

hereinafter_referred . to as apparatus 10, that inc]ludes a hqpper system 11
and an ol &% FBELUIYACC AR AR G AeR Fe2GFTERCET AFoRLT O GTERER AT er FBf or r o

to as el eglgpstati ety 18Ceo N RRPETy HYF CHbAduta fAuSHPP Yd0 <R BBASUT €d
flow of a dry sorbent material and mxing that flow with air,” under

pressure, narerpalsagenikiby that £lectviobtsmixd,cugder idslsare, i fox passage
provides for uni form}é chargi ng individual sorbent material particles for
dlsperS|(N1nFﬁhEme electrostatic gun 12 that, in turn, provides for uniformly
charging individual sorbent material particles for dispersion into
a polluted gas stream, illustrated by arrow A.

The épparatus 10 is a system for the removal of particulate
matter from a polluted gas stream and is suitable for inclusion
with pollution control apparatus like that set out in U. S. patent
applications of the inventors entitled “Apparatus For Removing
Particulate Matter and Gasses From a Polluted Gas Stream" filed
June 14, 1993, a "Method for Removing Particulate Matter and Gasses
From a Polluted Gas Stream" filed June 18, 1953. Though, it should
be understood, the invention could be used with other pollution

- control apparatus that also utilize electrostatically charged
sorbent materials for agglomerizing with pollution particulates for
_removal, within the scope of this disclosure.

As set out above, the present invention provides a combination
of the hopper system 11 and electrostatic gun 12 for inclusion as
components of apparatus 10 for injecting a pressurized dry flow of
electrostatically charged sorbent particles into a polluted gas -
streamn. A dry system is thereby provided for the removal of

essentiaily all pollution particles and gases in a polluted gas

stream. Which system does not generate acid mist, can be operated



a p6llutéd gas stream illustrated by arrow A The apparatus 10 is a
system for the renoval of particulate matter froma polluted gas stream
and is suitable for inclusion with pbllution control apparatus |ike that
set out in U S. patent applications of the inventors entitled "Apparatus
For Renoviatghi@hrtenpargtarREt cErumrtp Gaostbowsand A 2P0P) udegk-<Eas FSt,r aagl
filed June 14, 1993, a "Method for Renpving Particul ate Matter and Gasses

From a PoRFGaHeEOTsPPEERTLTY RBHSD dre= Ban S80S FHEh PrPESURBARIPBE
d h d I
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appar at us t so ut i ectros ati cal char rbent atef

for aggl oraarelctragtamidw gl 112t pebvpas | ucaﬁp&tcmvémy, arerapialitywtohivart fe
scope of this disclosure. As set out above, the present invention
provi des &ndoRentrAl &he fow HétﬁdifpéPrB?B'ﬁ SRteriahg f@lreétPQEﬁmqlérguns 12

for inclusjign_as onents.of. a t 19 fo.rn ectjng.a eéssurlzed
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essentially all pollution particles and gases in a polluted gas stream

Whi ch systcbardeeslhdthegpretitesicird thiast soxkentb@agpeial dilow. With the
charged sorbent particles then injected and dispersed into the
polluted gas stream. The hopper system 11 and electrostatic gun
12 lend versatility to the apparatus 10 that can accordingly be
utilized to remove essentially all the pollution particulates in’
different configurations of polluted gas streams. The preferred
apparatus 10, additional to the hopper system 11 and electrostatic
gun 12 of the invention includes a combination of moving and static
filter beds 13 and 14, respectively, wherethrough the flow of
agglomerized pollution and sorbent particles are removed.
Whereafter, the now clean gas stream is wvented to atmosphere, and
the agglomerized particles as have been removed from the filter
beds can be disposed of or recycled.

Shown in Figs. 1, and 3 through 6, tﬁe apparatus 10 includes
the electrostatic gun 12 and, optionally, electrostatic gun 12a,
that receive a flow of sorbent from hﬁpper system 11, shown in Figs
1 and 2 and discussed belowﬂ The hopper system 11, is shown best

in Fig. 2, includes a hopper 15, that can be a rectangular or other

shape of bin that is shown as open across a top end for receiving



at high tenperatures of up to two thousand (2000) degrees F., and provides
for operating under |ess than atnospheric pressure to pull the gas
stream therethrough. The hopped2 system 11 and electrostatic gun
12 provide, respective abi | Iﬁté to veri and control the flowrate

| ar

ly, f
of. sor be_n?ﬁ‘}m‘f ‘iaah"%"?o% é'%_ gPEi CaI &r gds s°§P_¥ﬁ5n1“ﬁBﬁ’Lﬁli &F JBYE (3°6R, and
for varyigghddieeeh§Chdnsd alith @HE p&A durabbiuedttd Reneh efdd 'ﬁattne.ower

supplied thereto to fully charge all the particles In that sorben
mat eri al pdIMutedl hs tdterearhahgedisoi nnitrpaeti ek esrddven inj Pd.ed.and
di spersed into the polluted gas stream The hopper system 11 and
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particulates 1n configlrations gas rea
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el ectrostatic gun 12 of the invention includes a conbination of noving and
static fmistebebsdsldad. anburtthem edpechpppey swatame iy oag Hraedwiriedowcah

aggl oneri zed pollution and sorhent particles are. renmoved. . Wiereafter, the
now cl earPQ s B Faft S3&nt &F% F35% %ﬁsﬁﬁé‘?éf’u’éﬁ% to provide a gaseous

sorbent such as ammonia, within the scope of this disclosure. The
selection of a particular dry sorbent material is based upon a
requirement that it react with the pollutants that are present in
and are to be removed from a polluted gas stream. For many
applications fine particulate lime is selected, as for example lime
particles are suitable for the removal of pollutants from a gas
stream emitted by a coke oven, stinter plant or steel-making
furnace. Whereas, for coal-fired boilers, the selected sorbent
material may be nacholite that will react with sulfur dioxide in
the gas stfeam to form sodium sulfate that will adhere to the
sorbent particles. The material selected for the sorbent is
therefor determined by the pollutants to be removed from that
stream. Which dry sorbent material is reduced to fine particles
of épproximate;y 15M (micron) that also equals 200 mesh to 1 mm in
diameter before loading inte the sorbent hopper 15 for passage from
the sorbent system 11 to the electrosta;ic gun 12. Wherein, the
individual sorbent particles.are each electrostatically charged and

injected into the polluted gas stream, shown as arrow A.



t he’aggl bnmeri zed particles as have been renbved fromthe filter beds can
be di sposed of or recycled. Shown in Figs. 1, and 3 .through 6, the

apparatus 10 includes the electrostatjsc gun 12 and, optionally,

el ectrostatic gun 12a, that receive a flow of sorbent from hopper system
11, shown in Fimae hdpperd 15 dndseliartiessed Hetown Zpprompiate sypheity lror S

shown best in Fig. 2, includes a hopper 15, that can be a rectangul ar or

other shabeso¥edhed R4t SPEPYHoWMRtEE1epehl 3% rRke ANte)p thRdetBFtrestditicng
12 and coptainin f dr nt terj_al have Jbeen
bl [ Pof, KPoiodtalcllchaROLRET) TSI PR B b nsne 1 o

sel ected tO tedt icula utant’s co I nthe

gas’ streampdhdlciles té|grdviakeduinsh ahhoyed ddll BiGpetsed into tHOUHU1utlel
shoul d be understood, the hopper systemlI|l can be a nunber of

conf i gur atgams streghuditry afnldyenchargingependi infaypetingpplitbatabh &he
conditions, except where noisture is, presen nmust be scal ed., Further,

S, ent. I¢t,
the hopperPSy YN ParieYiakse, BT B8 BERERETS & MOPPBT SHRPTUAY BE
Conf'gureqar{ep Pf)ov{:gesévgzaasle%usand cubic feet is appropriate for the

invention, depending upon the system requirement for the content
of particular pollutants are present in the gas stream. Dry
sorbent materials are gravity fed or air transported from hopper
15 into a mass flow hopper 16 that measures a volume of dry sorbent
materials and passes that measure, as by turning paddles 18, that
feed the materials into a helix or screw feed 17. The helix or
screw feed 17 is turned by a motor to move the measure of dry
sorbent materials through a discharge nozzle 19. The selected
measure of dry sorbent materials is determined for the volume of
pollutants as are present in the gas stream, and the invention
employs either a volumetric feed system or a loss-in-weight system
to proved this measure. Where a very accurate volume flow of the
dry sorbent materials is required, the loss-in-weight system, is
generally more accurate, and is preferred. Examples of such feed
systems are identified as dry sorbent feeders and are currently
manufactured by AccuRate, Inc., by Vibra Screw, Inc., by XTron,
Inc., by AutoWeight, Inc., and others. With, in practice, the
selection of which feed system dependant upon its cost and

capabilities for meeting the need to provide a required closely
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sorbent such as ammnia, within the scope of this disclosure. The
selection of a particular dry sorbent material is based upon a requirenent
that it react with the pollutants that ar present in and are to be
renmoved froma polluted gas stream rl many applications fine

par ti cul ate lfBrbs: Lof1Ackede f@grb%mmtg L el ofenaieauitapl e

for the renoval lutants froma gas reamemtt a coke ove

stinter plantizar st eeI making furnace. Wiereas, for coal-fired boilers,

the selected sorbent naterial may be nacholite that will react with sulfur

dioxide in the g8kowr rﬁhn’i”é‘iﬁ-f o* n?RBAR uneRd| bese {Mafiwi | 2. ather zersuzndre

sor bent partlcl es ‘he mat sel.ect.ed for h sorl?{a && her fpr
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sorbent nat efa gbed sll'ﬁdﬂfa;dlattoefnbﬂfesp@“tbci EtsxbeOLea@mrMbqatﬂﬁ' ﬂsSMte leg
(mcron) that also equals 200 nesh to 1 mmin dianeter before | oading |nto

the sorbent ldppey fixtfimg passfge venturit héns@3benhnsydjarant] thbet fiection

el ectrostatic gun 12. Wherein, the_ individual sorbent particles are each
el ectrost ati 2P| }héﬁallﬁe&hanakhtaﬁj 889 BT i FP® ¥hE1pbirated $Rascrneshnd fown

as arrow A. receive a discharge of alr, under pressure, from a blower 24. The
blower 24 provides a controlled volume of air introduced to suspend
and maintain in suspension the mnmeasured volume of dry sorbent
material. In practice, a regenerative blower that is capable of
providing a closely controlled output volume of pressurized air to
be suitable for use as a component of the invention is preferably
a regenerative blower like that manufactured by Spencer, Inc., by
Gast, Inc., by Roton, Inc., and others, all of which could be used
within the scope of this disclosure.

Shown in Fig. 2, air and sorbent material mixing takes place
in a venturi throat 25 that is arranged downstream from the of tube
sections 22a and 22b of the Y fitting 22, which throat narrows from
its upstream end to provide a velocity increase therethrough for
thoroughly mixing the dry sorbent materials and pressurized air.
In practice, the flow of dry sorbent materials entrained in air is
preferably maintained at a pressure of from one (1) to ten (10)
PSI. Downstream from the venturi throat 25, the venturi line
widens for fitting into a bell end of a reducing coupling 26. The

coupling 26 connects to a sorbent material feed line 27 that, in



13 The hopper 15 is selected to have an appropriate capacity for a
sel ected dry sorbent material flowrate into the electrostatic gun 12 for
el ectrostatic charging. The dry vol une ofgsorbent particles to provide,
when charged and di spersed into the polluted gas stream for fully

chargi ng or i RughaCkbhgedtist inabl thdieldpirbetadic pair iieul ates therein. In
practice a hopper capacity of one (1) to several t housand cubic-feet is

appropriate for thé f#rrﬁFeﬁPPﬁﬂlmﬁéfpé’ﬁthgc‘Em’Fatthé gyYRtlem AsgEhowment Figs.

t he content rti.cyl ar .poll utants.a & resent s.Stream
sorbent materi aFg Ty ér ﬁv?tff Eg09eg; ¥° 1p§r?§§8r'flé%l é]‘roé'mg oPperseTbgnt rﬂ’lf}/a
mass flow hopRekrdBnddalirMBasddepras¥ et Mnebudh Vel DERL 27TaL AL %leaaam,e
passes that neasure, as by turning paddles 18, "'that feed the materials
into a helix a7 sonmevifseéd 4 SorbEng helet foittisgr2gy doeteldlectriastaesc hyurm

notor to nove the neasure of dry sorbent materials through a di scharge
nozzle 19. THE §§FEC*}%d"°‘W§&§uPEthaoﬁ“§Pfﬁ¥r BEne FaRting Plakeqeperrrangsd

oo on” Sriedbes P, il A yemEaOESENN bl 008155, ABAT0 2 o
system to prglgggtaméd NMeggater \Wier eiee Mey ybcmswrﬁi etNObuE ii%é&f Hdies
formed through .the plates witﬁ nuts 32 turned thereon. The
coupling plate 30 is maintained to an end plate 33 of a right angle
port 34 that is formed in a rear section of a2 gun cylindrical
housing 35. As shown, the gun cylindrical housing 35 contains a
straight smooth walled barrel 36, as shown in broken lines in Fig.
3 and in solid lines in Fig. 4, hereafter referred to as barrel.
The flow of air entrained sorbent particles is passed into the
barrel 36 that contains, longitudinally center therein, a charging
wand 37, shown in broken lines, whose function is set out in detail
below. The gun coupling plate 30 mounts, at a right angle, a
connecting tubg 38, that is shown in broken lines, that, in turn,
connects into a collaf 395 end of a sorbent inlet 39. The sorbent
inlet 39 of Figs. 3, 4 and 5, in turn, mounts a coupling collar 39a
across its end opposite to its junction with barrel 36. A tube 38
that mounts to end plate 33 is shown telescoped into which coupling
collar 39a, with the end plate 33 for closing over the end of a
right angle port 34 that is formed into the side of the cylindrical

housing 35. The end plate 33 is shown to also include a mounting



dry'éorbént materials is required, the | oss-in-weight system is generally
nmore accurate, and is preferred. Exanples of such feed systens are
identified as dry sorbent feeders and are currently nanufactured by
AccuRate, Inc., by Vibra Screw, Inc.,'®y KTron, Inc., by AutoVeight, Inc.,

and ot her s13sxV¥é NreduR eRI B AR, thiIE isSELLGId QN vahgWi ik f 8€EK SYS 1R ag
dependant upon its cost and capabilities for neeting the need to provide a
requi red @ngskbited thereto. The disk 29, in turn, mounts BAfitbimg lel eHaél ow

of dry sorbent materials to the electrostatic gun 12. Shown in Figs.
1 and 2, &RFPBEER ¥ s9FFenS Tefh HPgsef edf°’?/<ﬂa%ﬁé"8f tRf yE Ry REnEoRReRY i al s

is fed thr 3 .apd ot | 1 t | l,.n ube
section 2 al‘é‘?%gtﬁe% gég%g lﬁgg iﬂfﬁg $n{:|§f?;|; #@%21% off Egﬁvtéﬁglrjgr(%re%nﬁegggse%n
.adj acent tsylseesmeriion 22b that is the other leg of the Y fitting 22 is
connected to receive a discharge of air, under pressure, froma bl ower 24.
The bl ower 24The os9xhenta indatrdl1 &F FoCHRe 6F BRFVEhtId FOaReEds simpend

and mai nt %i Qeiazr'] esnl'cliS %Ef‘négé) rLatrQ:Eé\er?é‘ ,S uartegpfgglmlél{rtyatoélydgyrfgﬂ‘é) eaq';[gle, shown
as angie B. Which sorbent inlet 39 and barrel end coupling, shown
as a sleeve 40, have coupling collars 40a and 40b arranged on
opposite ends thereof. The coupling collar 40b is shown as
receiving a rear end of barrel 36 fitted therein, forming the
barrel rear or breech end. The barrel 36 forward end, as shown in
Fig. 3, is maintained to a coupling fitting 41 that extends through
a barrel forward end covering plate 42, and is secured to a rear
mounting plate 43. A forward mounting plate 44 is for fitting over
the rear plate mount 43 and is secured thereto by installing bolts
45 through aligned holes in which plates 43 and 44 and turning nuts
46 there over. A line coupling 47 ié shown extending from the
forward mounting plate 44 center for coupling to a sorbent outlet
line 50. Shown in Figs. '3 through 5, barrel housing mounting rods
35a, with nuts 35bjturned there over, are provided for fitting
through the forward end cover plate 42, to extend the barrel length
and are fitted through a forward end 52 of an insulator housing 51,
securing the barrel housing 35 to the insulator housing 51.
As set out above the ba;rel 36 contains the wand 37, that

extends essentially the length thereof and connects, at a rear end



material. In practice, a regenerative blower that is capable of providing
a closely controll ed output volune of pressurized air to .be suitable for
use as a conponent of the invention is ¥referably a regenerative bl ower

| i ke that manufactured by Spencer, Inc., by Gast, Inc., by Roton, Inc.,
and ot her¥7aalintef awepuhlénal TP he Theebarvel 36 ihemeospevwellediand can

di scl osurge. and, sor bent ter| al mixing takes

o ace Xt B trameg ¥ APk ot msab e e Sl SO FHRBEF o SR e B ¢ uve
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upstream end to provide a vel OCIty I ncrease therethrough for lEorou th
m Xi ng t heonbuctsioebsatemiztler cahtsexny 1png$'smim1yathereim praetwaed st7he
flow of dry sorbent, materials entrained in air pref erabl y nmai ntai ned at

a pressur¥® o’F°fP’b‘?‘H’(9t‘Fea(I’)19PoVPéﬁa¥i0‘5°rq5§I dlsBBfﬁ/ﬁS?rE’é‘hﬁ'# rAFRYRe thatt ur i
ﬁg(rjlcj)glt nQZJSCO%}& Wl 5% Is#r’fc’“sc%# % igggyflﬁne&@ °Foggea2c(§$§enfﬁggﬁ Ce)lfrbegﬁt f eed
l'ine 27 tﬁﬁﬁtldﬂ&s that pass through the barrel 36.

As set out above, the hopper system 11 provides for different
volumes of sorbent particles to be passed through the sorbent inlet
line 39 into the electrostatic gun 12 for charging, which
electrostatically charged particles are then entrained in the gas
stream for charging the pollutants particles in that gas stream.
Accordingly, for the invention to accommodate, and properly fully
charge all the sorbent particles as are entrained in the flow, the
voltage passed to the wand 37 is preferably variable. To provide
such a variable voltage to wand 37, as shown in Fig. 1, a power
control 66 connects to a high voltage power supply 67. Which power
supply 67 can provide a power output, as set at the power control
66, of between 5,000 and 200,000 volts. In practice, a high
voltage power supply manufactured by Spellman, identified as a High
Voltage Power Supply has been used successfull& for this invention.

The power control 66, as shown in Fig. 1, is preferably a
control panel where an operator, not shown, can input a reguired
voltage to the wand 37 so as to produce a corona effect there
around for providing a required strong electrostatic charge to the

individual sorbent particles, charging each negatively or



turh, cohnects into the electrostatic gun 12. A first enbodi ment of
el ectrostatic gun 12, is shown in Fi gs, 3 through 5 and is arranged to
receive the flow of dry sorbent and entrained air, under pressure, through
feed line 27. The feed nnects to sorbent inlet fitting 28 of

the el ect PESEEEYELYun T'.’LZ f“ﬁﬁgef SIRRENYBEPI T B FontBF JPVARELSRI | Fae pl at e

29 arrangedootfi oS ed SEPrEPWY i D% AUaR %@d%.)o bENSefdiiAS 29 a1 ggeﬁﬁfe shown
mai nt ai ned together by fitting bolts 31 through aligned hol es or med

t hrough t hdtpl aticsfemenh mMikaned2rsurafedbehrebonto adremmodaié i dg fpeasec 30 s

mai ntained to an end plate 33 of a right ah%se port 34 that is forned in a
rear sect iSORPEPt afRth ’iﬁflelsndrlIE’aPraﬁBH%‘?'nd’ ingentigpuhas; gEP4QKed, in

cylindricagl,ch I 5 t S S g%&t e 6,
shown in %rn gkg&ref%l :ilge:sé |am|;i Sé.ﬁ éﬁgﬁdag%% 1 d néelsv@r?l tF?lgé)aé.&%bel%ea ftaer
referred tcenaéybed felom ordd@andnagedactifiyr (£50) aoeBr&® hbaatedasloos! esbid

passed into the barrel 36 that contains, longitudinally center therein, a
char gi ng f\ﬁ&ﬁdp@ nigtwhen of nopmbiesd [2ilFe3nd viis @overed | sFhentseatentaln

detail bel Th | af t
cgnﬁiecti n% ub® 533?6 hglﬁg?gggfg%ﬂg ﬂlfeﬁ%l?eggfq?ﬁzg) f‘ﬂ%t‘ raﬁg"t’f‘ettﬁ?%baen?%nnect s
into a colhat 39a-Sbhif o %%beping mrﬁteégunggédswmmto Bl et hddada Fi 0S.

3, 4 and 5, in turn, nounts a coupling col
(500) cubic feet per minute of comblned air and dry powered sorbent

material. It should therefore be understood that a variety of
diameters of barrels 36 .could be so employed within the scope of
this invention.

Shown in Figs. 3, 4 and 5, the electrostatic gun 12 includes
a cylindrical insulator housing 51 wherein is contained a high
voltage insulator 59, that is preferably a ceramic insulation. and
is shown mounted onto one end to a base 60 to extend longitudinally
within the center of the insulator housing. The opposite end of
the high voltage insulator 59 is shown to include a connector 61
that is for electrical connection through a cable,.not show, to the
high voltage power supply 67. The connector 61 connects to an
internal conductor that extends longitudinally through the center
of the insulator 59, and through a ceramic subinsulator 55. To
pass a high voltage through a conductive coupling collar 54, into
the end 37a of wand 37. The wand 37, as shown, is centered within

the smooth walled barrel 36 that, as set out above, is connected - ——



across its end opposite to its junction with barrel 36. A tube 38 that
nmounts to end plate 33 is shown tel escoped into which coupling collar 39a,
with the end plate 33 for closing over the%end of a ri ght angle port 34
that is fornmed into the side of the cylindrical housing 35. The end plate
33 is shown tend scarneh@uR§1§C@BGnt¢rgpe sorbent inlet 39 to a collar 48, and
16 di sk 30 secured_thereto th%h s for recei V|n glsk 29 fitted  and
bol ted theret® FHECTHHR 252 *RTPHFR, 2 nbtATS & "tntel ﬁ:(j’uﬁ 1%%at’ cofftfectida o

sorbent feed Liy® ihé FOTeh@astBotbhg fhAw 8b SQ‘bb%E'EnsP@fttﬁé eéhﬂgerda'al}%t

in air under pressure fromthe sorbent hopper system 11. The sor

inlet 39, as skxhvemt immtewiudd anto camnitiectiinho moduleaks ehblaf ptdnel drar ridr
36, at approxinmptely a right angle, shown as angle B. \Wich sorbent inlet
39 and bar r el JBHRFEGRSEN hesﬁBﬁﬁge%ss%F%ﬁrﬁe\F@r °1ﬁ§vénf:%ubtl“? NPT o Feaam,
40a and 40b 2hped o] The coupling collar 40b
I s shown as aér]gacel \% ngggtr‘{e)%?él&@ ‘%?Q% # 36 itted therein, formng the

barrel rear or brQ’Qﬁhmeﬁﬂtiﬂ?fletmrﬂaﬂ:lre?nGBGOtmrﬁnﬁlﬂz @118H0BEriEl 36 rear
end is shown best in Fig. 3 is connection through the collar 48 to
a cylinder 56 that contains the ceramic insulator. The cylinder
56, in turn, mounts, a coupling collar 36a across its rear end that
is fitted through a forﬁard plate 52 of the insulator housing 51
and is bolted to a voltage insulator base 60 and to a rear flange
end 57 of the cylindrical housing 35. The components of the
electrostatic gﬁ_n 12 are thereby contained within the respective
cylindrical barrel housing 35 and insulator housing 51. The
insulator housing 51, is shown capped across its rear end by an
access plate 63 that is secured thereto by bolts 64 and includes
an outwardly extending handle 65. | |
As shown best in Figs. 3 and 4 and discussed hereinabove, the
barrel 36 can be a metal, ceramic, P.V.C. type plastic, or the
likxe, and the sorbent inlet 39 is preferably bent through
approximately a right angle with respect to the barrel 36. In a
second electrostatic gun 12b as shown in Fig. 6, for a ceramic
barrel 36a and sorbent inlet 102 combination the inlet angle of a
sorbent inlet, shown as angle C, is approximately thirty (30)

degrees from horizontal. Which ceramic electrostatic gun 12b
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Fig. 3, is miintained to a coupling fitting 41 that extends through a
barrel forward end covering plate 42, and is secured to a rear nounting
plate 43. A forward nounting plate 44 is for fitting over the rear plate
mount 43 and is secured thereto by instal I?‘Lg bolts 45 through aligned

holes in which jplat,85¢ 43 ANk A4 RNEnbULHLKL N ULS e+ 4908 heX S Re 108 LhDE is

coupling 47 is shown ektending fromthe forward nounting plate 44 center

for coupling t ccxmeardeniaraubtethe lHareebhoudFiown3sh. Filie s3eéve Amh cbntains
barrel housing nmounting rods 35a, with nuts 35b turned there over, are
provi ded for fi%he; ﬁ@rb%’ﬁ:r SDYRt 112 EBR RS CERBleD S apFenechion; Buks dAdthae

barrel length é@fgsgog? t%&ﬁ thEHHEc cJéh?ﬁig Fﬁﬂﬂeé@é f whqgglgtorigelf

housi ng 51, securing bar fel"°ROUST n e I nsu ousi N

As set out abO\antht@@riﬁ?io 36hsomhawsmhe mnda37,shbbﬁt 1ne>mgad83 and 4.
essentially the length thereof and connects, at a rear end

17 37a, into StsveptraplysAndrhtunntiiosrlly tbesppoenigabimklatbaarwange 37a

formed of a P. \éa%res.y%%ugg‘.rafgs t ing S:Linlsluiogo{'ugge andce{nasrgl%‘tor htortllglng 51 are
essentially like those of the electrostatic ogun 12 and,
accordingly, the components of the ceramic electrostatic gun 1l2a
barrel $6a and barrel housing 35b, insulator and insulator housing
utilize the same numbers.

In practice, sorbent particles are transferred at a pressure of
approximately i to 5 psi through sorbent feed 1line 27 that has an
approximate diameter of 2 to 3 inchés,-ana travel into the barrel
36 that contains the wand 37. The invention provides a capability
for varying the sorbent particle flow for a specific volume of
pollutants as are content in the gas stream, arrow A, and for
varying the electrostatic charge imparted into the sorbent
particles. Which particle charging is controlled by an operator,
not shown, who operates the control panel 66 to appropriately vary
the voltage that is present at wand 37 to provide desired strong
electrostatic charge imparted to each sorbent éarticle_ for the
sorbent yatefial flow. For a sorbent material flow of from 1 to
several hundred pounds per hour, a voltage of 5,000 to several
100,00 volts is selectively passed to wand 37. Which veoltage is

dependent upon the distance of the electrostatic gun 12 end fitting



like, with the wand 37, preferably fornmed of an electrically conductive
material, centered longitudinally therein. The wand 37 is to provide a

hi gh vol tage corona di scharge there aroung that wll inpart a strong

el ectrostatic charge onto each of the sorbent particles that pass through
the barrel 361 outlet #ad setfigufc Abhdver mebiahbppeandysilan Lhtpravislan ok
different volunes of sor bent particles to be passed through the sorbent
inlet line %@q ﬁﬁmweltépécwas%%%l@lﬁ?ﬂsaﬁo?tm §hal muF bR removed.

el ectrostati ant Ies i.ne n.the, stream
for char gi ng& S poP ant npa!? i é.'g g#’fha‘f“ gré’%as?réei%rﬁamféé'gr%ll YWHEPT ™ or
the inventi ogidro a@pwa@d@é&naanélﬁmefel Yeddid Yar&hid 9€a fbhg t EESS%Q&%
particles as are entrained in the flow, the voltage passed to the wand

is prefer ablyerm:nhl.abbenecmtw@m ¢ poathivelyrdhesioe webhagerh@w\mtaaleas
shown in Fi 66 connects to a high voltage power

.1,
supply 67. aé:hpBB ? t’k‘i?b’ﬁ?’yk%?r%%\r?apr"ﬁv?aé a power output, as set at the
power control 66 #8908 5020058P0e200.0QQ 4QKES . £nad nfﬁys%ct hGe, 'It—:ﬁhgh

hi gh voltage povver sﬁpp y manufactured by Spellman, identi as a

Vol t age Powedlegtpikylipchaeerdusati sucaes sthen ynﬁectémltsarbnanﬁneartharged
The power control 66, as shown in Fig. 1, is preferably a control panel
where an opedRt Gerbapt FHGEYicnamodwiRI6% FBEWRriR Fig. 1, and travel into

a tube 68 that contains the polluted gas stream, arrow A. Thereln,
the sorbent particles, that all bear the same negative or positive
charge, tend to repel one another and are rapidly dispersed
throughout that .polluted gas stream. R utilization, as is
preferred in a practice of the invention, of very fine~-grained
sorbent particles tends to significantly increase the sorbent’s
activity, and considerably reduce the residence time required for
their complete dispersion into the polluted gas stream. The
charged particles themselves attract both submicron and larger
particulates in the gas stream, gathering them onto the sorbent
particles surface, thereby agglomerating them to form larger
particles. Additionally, the charged sorbent particles are
selected for chemically reacting with pollutants in the stream and
provide a large charged area for charging particulages that are not
already agglomerated. The gas stream and entrained sorbent is then
directed into a collection system 70.

The polluted gas stream that flows into the tube 68 arrow A,



voltage to the wand 37 so as to produce a corona effect there around for
providing a required strong el ectrostat,ic charge to the i.ndividual
sorbent particles , charging each "hegatively or

18 posi tiswely o, TR EHEtdRIcH80 | Vestlaaht Yuddh HRE HOYERLd AN oot h
wal | ed barlr e% %‘%a‘l glarrangecd at%% be re«}rareg’l\?g I'I:euéamd rep%acggﬁ e C\l/‘\ng?%“&
di f f er ent addavelwtes iof tihar lseiraaihofm,om"rmiag&edé;éﬁmsﬁzataer bent 11 | may

rates. In practice, the invention has enpl o%ed, n one nodel, a two (2)
i nch di an®PterSWaLFaent hip ProYigapre TFAUizBAYEYPHg O dSFEoRtAB @A Y fty
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i nch di arrehsfgh? 6 alihahel pasopablae2f i60BNEYI Alow hrigr1duBdEEEN {3 tO
five hundred (500) cubic feet per mnute of conmbined air and dry powered
sorbent phterimdrticufiathsul d tWheref okt bis udgterrnirrtl t Hhata sar$iigheof
di aneters of barrels 36 could he so hin the scope.of this
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includes ity a capability for an increase or decrease in the capacity
thereof by a setting of a regquired output from the hopper system
11 and a selection of the size of barrel 36 and controlling the
voltage transmitted to the wand 37, the invention can include a
second, third of more sorbent injection electrostatic gun or guns
12a, as illustrated in broken lines in Fig. 1. Each electrostatic
gun to function, as described above with respect to the discussion
of electrostatic gun 12. Such second and additional sorbent
injection electrostatic gun 12a or guns, it should be understood,
is preferably identical to the electrostatic gun 12 and so a
description of electrostatic gun 12, along with hopper system 11,
and their functioning should be taken as a description of a second
or third sorbent injection gun 12a and the hopper system therefore
also.
The hopper system 11 and electfostatic gun 12 of..the
invention, as set out above, are for supplying electrostatically
charged sorbent ;articles to a pollutio; collection system that is

like that of the present inventors set out in their U.S. Patent

application, S.N. 08/075,957 for an "“Apparatus For Removing



a cylindrical insulator housing 51 wherein is contained a high voltage

I nsulator 59, that is preferably a ceramc insulation and. is shown
nmount ed onto one end to a base 60 to extend longitudinally wthin the
center of the insulator housing. The opposite end of the high voltage

i nsul at or FaAriticabave MattiexclandeGassamrinora @bllulkat GssfotredrClancal
connection through a cable, not show, to the high voltage power supply 67.
The connectS®t 6au%oAfec sUt 8- aPateAterapRlicakiioRt Gf t FA¥ dpventiers S.N.

| ongi tudin h t he, ter he. i nsul [..2 t hro

ceranic sugdl ?&f’afm%% f ‘FFeec%"gsfsoragﬁ RO a:f%té%fl %?gﬁéﬁar{%efo 'b‘ﬂ%?ﬁﬁs
coupl i ng caroar aS¥bo1ivtea swesﬁ-raémBYa '.ﬂ'fodé@tf)d i87shdits WaNdnddrstdaSheyg, i
centered within the smooth walled barrel 36 that, as set out abové, is
connect ed invention could be included with other pmglubnma goddectich agsteent to
the sorbent inlet 39 to a collar 48, and. .o forward end through a plate

n
42 |ine colprr nﬁtlﬁlze TETgee SOERRH Fﬁ’d"t&?l&ﬁnngé'fgl’i‘ o-he |59ppes0f Ehis

transfer t?q P g dry sorbent materials into an injection nodule 69
t hat provi or |nject|on of the charged sorbent particles into the gas
stream The invention, for the purposes of this disclosure, is

preferably included with an apparatus for removing particulate
matter and gaseous pollutants from a polluted gas stream that
includes collection system 70, as shown in Fig. 1. The collection
system 70 is arranged for receiving the polluted gazs stream and
entrained electrostatically charged sorbent particles and
preferably includes two distinct collection areas. A first
collection area is a transition section formed as a pyramid with
inwardly sloping walls 71 from a wide base that meet at an apex
that connects to the tube 68. The transition section receives the
gas stream through the apex nozzle, that is approximately the sane
diameter as the end of tube 68, and wherethrough the gas stream and
entrained pollution and sorbent particles travel. Walls 71 of the
transition section slope outwardly from the apex to present a large
square or rectangular base area that is opposite to the apex nozzle
- and is connected to an end of a filter housing 72. The transitiqp
section 70 is open therethrough and preferably contains, centered
therein, a diffuser cone;‘not shown, or a like device to spread

the gas stream flow outwardly over the area of a first of a series



A4
)
Y

arrow A, that is shown through tube 68. For mounting the barrel 36
the snooth walled barrel 36 rear end is shown best in Fig. 3 is connection
through the collar 48 to a cylinder 56 tip@at contains the ceranmic
insulator. The cylinder 56, in turn, nmounts, a coupling collar 36a across
its rear endftimavings fiktexd kedsoutth thatr ver ceptangedsaarfosshetiastbiater

housing 51 .and.is bolted to_ ,a | t age 1 nsul at or _hase_60 and to a rear
flangeg endhg'fsb?gth%P%%ﬁﬁtﬁdFchﬁehggiﬁ'?ﬁgﬁﬂ secfign  ifinondREsIdF FhEeanm

el ectrost at kha8UfadsePAtRrbhgt &R eRMMAIICH Bblbidh LRG [&PEHIrLeq afound

cylindrical barrel housing 35 and insul ator housing 51. The insul ator

housi ng 51, the d&ihftfusecappeel experoisnddss ar eatiaidchangs inavebssiy Erenbchd hat

Is secured thereto bi bolts 64 and includes an outwardly extending handl e
14

65. As2BR¥WACHEER 9 gy Povangndiitendbet stlissedVhER eFiabotangeheln

barrel 36 : ; i . | Ast like, and
'he sor bent CAPet &g eavie ATier ol SartkRind dbble, Mo ek yife A

angl e with eRepgat EQod heibmriedla 36. fhllacuteeenené! £Léw OF afddntIWr 1l as
shown in Fig. 6, for a ceramic barrel 36a and sorbent inlet 102

conmbi nat i onfihetifildterahgfie Whigh Higrsfedfilrer &red dmopws iiomegl echss s so
appr oxi mat ela¥ ttféi rfti}{l.l(,?’%e area opposite to the .transition section large
sgquare or rectangular base area.

Shown in Fig. 1, the transition section connects to an
upstream end of the filter housing 72 that houses the moving and
static filter beds 13 and 14 that are for femoving particulate
matter from the gas stream,- cleaning that gas stream that is then
vented out of an exhaust stack 93. The gas stream that is passed
through exhaust stack 93 is pulled through a vent tube 90 by a fan
92. The filter housing 72 is shown as having a rectangular box
shape and mounts a number of spaced filter media hoppers 80 at
intervals along the housing top, each for-passing filter media
materials into to replace the filter media material 73 and 75 in
the moving and static filter beds 13 and 14, respectively as set
out hereinbelow. The filter housing 72 contains the series of
spaced apart vertical moving filter beds 13, and at least one
static filter bed 14.

Shown best in Fig. 1 the first of the series of moving filter

beds .13 is arranged opposite to the transition section 70 apex, to



degrees* from hori zontal . Whi ch ceram c electrostatic gun 12b
20 includes, as part of the sorbent inlet 102, a sleeve 100 that is
formed as part of the barrel housi ng 38b. The sleeve 10, contains the

sorbent inlet,k 102 that C u 0 a co ctlon tu tha scopes
into a ceFBRFLYROHM i ‘h°gncuc‘):r?%e &5%3 iSPEEA4BF e];,:eo'::n]t FSCa4 e ﬁh Yt he

inlet |inepg/ye aS0 UM arfa §b§§ut§ox§%ﬂ1c1§7sr gebil hd ml@maigecah@nakl y

the ceram c barrel 36a, wand 37a barrel housing 35b insulator 59 and
i nsul at or thbesésg Slhamevimgsdifiteat |yeds K3 telache in¢ludee aclbedt pbsfalter gun

12 and, accordingl t he conpanents of, the ceram c el ectrostatic n 12
barrel 36%e3Hy ‘Iﬁerlyé'lalhBﬁs? A5pra AN, PeERee? FEIPR Y FE3S : ﬂbgu‘iﬁl I ?ze

the same L}gtfberﬁle nedfh pﬁé‘Eéffa%s s et a Pt | £dESeARe Hd; ﬁg&%ersroed a

pressure of  appr.oxinatel 5 psi t rough sorbent fee e 27 that has
an appr oxaptbfe i sdreiiRly w‘raaeuOdawmm.? thavebppeMso agheéchariséd 36

that contains the wand 37. The invention provides a capability

pollutlon and sorbent particles and to react with any submicron
pollution particles left in the gas stream as it is passed
therethrough. From each bed, the media material is passed out from
thé bottom of each moving filter bed for reprocessing. The media
material that moves from top to bottom in each moving bed filters
13 can be the same as or different from the media materizl used in
the static filter bed media material 75. Three moving filter beds
13 and a single static filter bed 14 are shown herein. It should,
however, be understood that, dependant upon the system reguirements
for removal of pollution particulates from a particular gas stream,
only one moving filter bed 13, or a number of moving filter beds
13 can be utilized as are required to completely clean the gas
stream, and more than one static filter bed 14 can also be used.
It should also be understood that a description of one of the
moving filter beds 13 and the static filter bed 14, as set out
herein, and their accompanying component structures should be taken
as a description of the other moving filter beds 13 and another
static filter bed 14, and tpeir accompanying.components, also.

As set out abo#e, the moving filter beds 13 each include the

bed of media material 73 that is maintained between front and rear



for varying the sorbent particle flow for a specific volune of pollutants
as are content in the gas stream arrow A, and for varying the

el ectrostatic charge inparted into the sorfggent particles. Wich particle

charging is controlled by an operator, not shown, who operates the control

panel 66 to apRe@Rsi A4 £l yrneapiatbder & Alrdeageekbaini s ineseatwath A RnBEr t &
provi de desired strong electrostatic charge inparted to each sorbent
particle for holes sty bérrmadt cklisrlethrough Fdthag sespentiladdyerablov | dmrofan
from1l to sever hundr ed _pounds hour e 000 to several

| , | .
100100 vol t o 1BoBaFENTIaE RrRsHEE cof T’ Soream S cuah: EhR mad iR BRE Rt

upon the distance fhe aAigl REELORNATECI Y} lr2r@Bily fd IdraR€1 with the spacin
21 47 outlet and a first filter nmedia bed and takes 1 nto account tﬁe S17e
of pollution petweehesthe nfrdre: gasl teagapilbhes Whstobbe r approedmat¥edl t egel v
the wand 37 is thereby controlled to nmaintain a uniform high voltage

corona di scharl@@)t ABFResi 'ttty the BRES| etenitinge TuLdK gRFE oSS andg Retveey tap
positively charge,geeln SU38bs PF 1l 212 L0B' nBARSES 751" O i1 LChaf8r O
73 is selected for removing the particular pollutants as are
contained in a polluted gas stream and may be silica gravel,
limestone gravel, an artificial material, or the like, within the
scope of this disclosure, functioning as set out below. The media
material 73 may be the same for the first, second and third filter
beds 13, respectively, as shown in Fig. 1, or may be or different
materials as illustrated in Examples 1 and 2 set out later herein.
The media material 73 that makes up the moving bed filter 13
is passed into the filter top end from a valve arrangement that is
preferably a rctary. airlock and is utilized for maintaining
pressure within the filter housing 72 at less than atmospheric.
The media material from hopper 80 travels through the filter bed
responsive to gravity and as controlled by operation of a rotary
discharge valve at the bottom of the filter bed. The rotary
discharged valve is preferably a paddle wheel device, but can be
another appropriate vaive structure, within. the scope of this
disclosure, and extends fully across the bottom of the filter bed,

from wall to wall. The discharge valve is arranged above a

catchment hopper that receives the media discharged material



The'particles of sorbent materials that pass by the electrically charged
wand 37 are then injected through thezgharged dry sorbent injection nodul e
69, shown.in Fig 1, and travel into tube 68 that contains the polluted

gas stream.,gL5Q }Q%Eﬁh”ﬁ%?i&&ﬁgrg ?5118%::[ g sbD % @'parg-. Lhe

sane negatlve or ive t'énd to repe one ano

rapi dly dimsRerged st&baﬁugheuélstbaiom | $Hee CFigaer Sidd@aMmaterAalit l:!rbaét i on,
as is preferred in a practice of the invention, of very fine-grained
sorbent paverepgstq sheslixpodiigni £ikken mydimma&&%ai HeravglbeWith th&cbedl ty,

d i der ab du d df th | e
i Spor ) o HCARGLPRe: BOLP LT LT GRScer ARE" O NAT, GoRoBhT 17 (B89 in

t hensel veiar@ggﬁaeta&@sg ENO RS, 0Rna kbt a3y 08 sciliFdd Gdhdbess i dhd:ag 838,
stream gathering themonto t he sorbent particles surface, thereby

aggl oner atchaggehtine thed§ medis anafesriadar t Addigsionaldgdi shotiadd airlbhk mahar ged
sorbent particles are _selected for chemcally reacting with pollutants in

t he streaﬁPaﬁH°VBF6@|H%l%VIE?%erﬁﬁﬁﬁ&yﬁf%%“éagfoVaéﬁﬁr§Pﬁgpﬁ&FPP%uwa§b% t hat
t bent th
are no ES@?XIQQ?%%{?%#O%%:JIQS gga?tféfeﬁhe poﬁen%é%igegcisoern.en ’fﬂh;t en

directed into a col system 7 gas stream

flows inte@oheyt 8Pa-fi8®gar ¥8¥dé\and airlock to operate to provide a closed
system that is operated below atmospheric pressure. The system
contained in the filter housing 72 is therefore closed as to be
capable of and is preferably operated at less than atmospheric
pressure for providing a vacuum effect to pull the gas stream
therethrough. 1In practice, the preferred system is operated at
from 1 to 24 inches of water below atmospheric conditions. This
operating pressure provides for increase in the efficiency of the
separation of pollutant gases as are entrained in the gas stream,
that are precipitated onto the surface of the filter bed media
particles.

A chemical reaétion for which reaction where hydrated lime or
ammonia is used as the sorbent material to remove S0, gas contained
in the gas stream is as follows:

Ca(OH), + SO, ————- > Cas‘o3 + H,0
2 (NH;) + SO, + Hy —=—=- > (NH,),SO04
Further, the preferred closed systeﬁ facilitates operations

at high temperatures of up to two thousand degrees F.. Which high



22 s froma plant discharge. Dependant upon the pollutant character and

volunme in the streamflow, a single electrostatic gun 12 may be sufficient
to provide a required flow of electrostgatically charged sorbent particles

into that gas streamto provide for fully charging of all the particul ates
in that fl demperatuntcopedtiansboth sdgnphicirtillyatiesrove Yhetam efficiancy

det er m ned hat a_ si Ig electrostatic gun .12 wll not .provide
suf fi ci ent 3™€aphti £, egggﬁ iyg 1 Bex, E%p%b????’ii’qﬁﬂ" £ i r3Ed8e WEtdasr &ase

in the capaebiyct tdiehefiedcst $RbELNGN Us eoﬁfﬂtaar Oth P WanfipalhE he frapper
system 11 and a selection of the size of barrel and controlling the

vol t age transmplexxtd(maMmzauandn3aperéu1ngnpeassunechéssltmhudatnospnurm@d

third of nDre sor bent Ln%ection el ectrostatic gun or guns 12a, as
i | lustrate¥ Fh%%r&k%anF BS PRURYY 12 EBBMH &P EFYO@%%EW%?gegOWJWG fipd&t i on,

~as descri bgg a&a . dm%l s & QEE%aiOfEE"fl SSHééftheOfur%hggér%%t G ity 12.

Such secon sor bent tl on el ectrostatrc gun

guns, it sheghsedacndndebntoatd résr q:u%ft@gabhylsde@éﬁ&@ld kespdrsive to a
~electrostatic gun 12 and so a

sensed pressure drop across the moving filter bed 13. When such
pressure drop is sensed as a difference in pressure between sensors
that are positioned on forward and rear sides of the moviﬁg filter
bed 13, this indicates that the media material 73 is plugging. The
rotary discharge valve is then operated to pass' clogged media
material therethrough. The contaminated media materials passed out
of the airlock and onto a media screen whose function is set out
hereinbelow. As the plugged media materials are vented, the bed
is replenished with materials from the feed hopper 80 that £ill the
area of the moving filter bed 13 between the forward an& backside
plates 74.

Media material movement in the moving filter beds 13 caduses
some media material particles to be ejected through the openings
76 formed iﬁ forward and rear 74, respectively. This particle flow
keeps the holes open so as to provide a free flow path to the gas
stream. Such ejected media material particles fall into a
catchment skirt arranged across the front of the moving and static
filter beds 13 and 14, which skirt also receives the heavy

particles that fall out of the gas stream due to a reduction of the



description of electrostatic gun 12, along wi th hopper system 11, and
their functioning should be taken as a description of a second or third
sorbent injection gun 12a and the hopper ,gystemtherefore also. The
hopper system 11 and electrostatic gun 12 of the invention, as set

out above, apgsfor supplatidedrgl eat kast-abhsddddon hritded gor Beat cRAELhEAES
to a pollution collection systemthat is |ike that of the present

i nventors sewitmnt tha fhevard) Slatmtzét Spehi patrtbaless aNre O0BiXED, @B fihe an
" Appar at us For _ Renovi ng , 23 Particul ate
Matter and CA$3ESr FP8ATa PBFRIATF ER2%SiPRifn TRERPhsteelobtY | ALECRERge
pat ent appliggi$ n of the inventors S.N. 08/077,740 for a "Method for
Renoving Partrculate Matter and Gasses Froma Polluted Gas Streant.

Though, it shoul dabesendatstbode, tfige sortenti partboles end medideslavétinls

ot her pollution collection systens that utilize charged sorbent particles,
within the sthpe prss frem Hiscpsshrent hopper THRrouafe FPLBRY digcheReeptabitses

of this dISCLgSugfflééi are deposited onto a media screen. The media screen

is moved back and forth to shake off the agglomerized sorbent and
pollution particles that have adhéred.to the media material. The
cleaned media material particles are then moved to the hopper 80,
as set out below, for re-feeding back through the moving filter
beds 13. Media material losses at the media screen are made up
from a media hopper 94 that passes media particles through a line
for introduction, along with the cleaned and screened media
material back to hopper 80. Which media material travel, as shown
in Fig. 1, is upward and horizontal through conveyor shafts 81 that
feed media matérials into hopper feed lines 82 that dump the clean
media materials through airlocks 83 into individual hoppers 80,
refilling the hoppers that supply media material to each moving
filter bed 13.

As set out above the description of the first moving filter
bed 13 in the seiies should be taken as a description of all the
moving filter beds. In practice, the first moving filter bed 13
will collect between seventy five (75) to ninety five (95) percent
of the particulate material entering the system. Which collected

material includes the agglomerized pollution and sorbent particles
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preferably included with an apparatus for renoving particulate matter and
gaseous pollutants froma polluted gas streamthat includes collection
system 70, as shown in Fig. 1. The collsgtion system 70 is arranged for
receiving the polluted gas streamand entrained electrostatically
charged s¥heERrPeparerered Pagitdcupreder abrY remadpipe oviing 61 Lismbeds

col l ecti-on areas. A first ol lection ar is g.transition secti.on _fornmed
as a pyram %emvﬁ‘&ehesf%?/\%‘ra&ay 5 8pl?aﬁganv‘\:/§l S gﬁe f‘?aor%lé:u\?\na 8 PR atmmgé? at
an apex thals CORNAG! Sardd Adtt U 0GB ibi BPShhilORKEC Y1988k ChYESs t he
gas streamthrough the apex nozzle, that is approximately the sanme

di anet er ascart@iprd Giereibe G8carddngher etithodjffermnigsorbenedibcandates
entrai ned pol |l uti Qggand sqQrbent particles travel. Walls 71 of the

transition ¥edPIRCEE ofF JUt WEPAFPVEPHIRTMEPEpSXSER® prafb it UhilareR Tuare
or rectangulafoviage pBh feed il #romORRYS hdpe? Lie p@:ﬁ@ﬁt_@@?é#}? sPPadS

connected to an end of a filter housing 72. Thetransiti secti on S
open t her etdouldg regafirp melfrer all Yesontimshecehireeeds) tinarigign £fiatdi f bager
cone, not shown, or a like device to spread the gas stream flow outwardly
over the arshwwoi Hithint tdfe sseqne e@f this disclosure. Also, for some

applications, it may be required or desirable to utilize a
different size of media material particles from those utilized in
the first moving filter bed 13, and subseguent beds. Further, it
may even be preferably to utilize different media materials in the
moving filter beds 13, as set out in Examples 1 and 2 below. Such
utilization of different size of media material or of different
type or types of media materials as the filters for the individual
filter beds will, of course, require a utilization of a different

- media material replenishment arrangement than that shown in Fig.
1, to include individual media hoppers 80 and feed lines.

The static filter bed 14, shown in Fig. 1, as set out above,
is preferably arranged across the interior of the filter housing
72 to receive the'gas stream after it has passed through from the
last in the series of moving filter beés 13. The static filter bed
14 is provide to finally remove essentially all the sorbent
particles, agglomerated particles and gaseous pollutants as may
still be present in the gas stream after its passage through the

moving-filter beds. The media material 75 for of the static filter



24 ‘of noving filter beds 13 that is arranged across the filter housing,
opposite to the transition section 70. The gas stream that passes through
the transition section and is dispersedlaround the diffuser cone
experiences a radical change in velocity fromthe apex nozzle to the

novi ng fi PRRrihpegnike changpdy PythahRange is\eetpdicrpalhpaamase during

aggl oneri zed tJ:cl e e | ned . t s.floww ]l tend to
Farl Cout S PREAIER"EyBRe (O AR HRLEPLLR Wi nstis U8 MBS Bethtiond o)
bed i s postéigenataaQkosisusPicint! @of bléatd A uaGeAgOPPRE sRak9ct B ter
transition section |arge square or rectangul ar base area. Shown in
Fig. 1, thedt¥arisi.t however:iperindigatly puraed dupiny esystemd sbhtddmen fad t er
housi ng 72 that houses the noving and . static filter beds 13 and 14 t hat

are for rBReViAG FRPFPREIAT: PRRTTEF (R (eI FASTEFPedfh SBE5AT ng Tifat gas
stream thataifc (A1QRerVAEH 8% 4t i 0f i AR18ENANSd B 1iC kNS 3r 11kE ﬁ@ﬁsﬁ%ﬁ;t hat

I s passed through exhaust stack 93 is pulled through a vent tube a
fan 92. Tap grdfieenbhpytiheysideisizehasnclas mhaihaJf i teecbads) W3gr abhdmayshape
and nounts a nunber of spaced filter nedia hoppers 80 at intervals along
t he housi kg thepsaraciemedtepasey AGSFRT (L FPGFE, Within the scope of this

disclosure. The static filter bed media material 75, 1like the
moving filter beds media material 73, is contaihed between forward
and rear plates 76 that are preferably punch plates and include a
large number of holes formed therethrough.

The static filter bed 14 serves as a pelishing filter and is
static because any movement of the bed, no matter how slow, will
cause a release of the <c¢ollected particulate materials.
Accordingly, purging of the static filter bed is usually undertaken
prior to system start-up or after shutdownf However, for example,
where a pollution removal system is to operate continuously, two
static filter beds, can be utilized. The beds are arranged such
that the air stream can be directed around a static filter bed 14
as has become plugged by fitting of a baffle plate, or the like,
into the filter housing 72 to redirect air stream flow into a
conduit around the first static filter bed and into an alternative
or second static filter bed, not shown. After passage, the air
stream is then directed back to an exhaust conduit and into the

exhaust stack 93. With the air stream redirected arocund the first



materials into to replace the filter media material 73 and 75 in the
nmoving and static filter beds 13 and 14, respectively as set out

herei nbel ow. The filter housing 72 c@Btains the series of spaced apart
vertical nmoving filter beds_ 13, and at | east one _static filter bed 14.
Shown bestSHfifi.diltey hRed 14t bt (M iSeMaFETIRINEVi 7§71 PPt EFPthRES3NS | s
arranged GuRgshLg LAhNCcIddNShballl SEEREOD: QP Ctne {Qir ctrean riow

25 receive the polluted gas streamwth entrai ned el ectros atlcaIFy

char ge sordestbraad pollution particles fromthe discharge end of tube 68.
The nmoving filter beds 13 each include a bed of filter nmedia material 73
that is maint ahnkePRRzt idedsf PEAY1GRR fararfeslangsmeqdia maferipddinteatiei al s

are gravit ed fraomh rs.80. to .capture, .as th travel downwardly
romthe [B5ers: HIGroReE ieshes sieraiFaR 1oy -aBR i Ak it BRRET & Y canct
with any %Hb%ﬁﬁoa voRdiddi %pﬁ@%t (Ljﬁk@saé.e“mél $d1&i0A3 ShpSAM Pond tgd S

e

passed therethrough. From eac the nmedia material is passed out from

dumps into a horizontal line 86 that feeds the hopper through valve
87. The new media materials can also be transferred from supply
hopper 94, or otherwise supplied. During system operation the
.valves feeding and discharging media matg;ials into and from the
static filter bed 14 are closed for preventing infiltration of
outside air into the unit. After shut-doﬁn, static filter media
material 75 is discharged into a purge bin that directs that flow
to a media screen, not shown; The static filter bed media screen,
like moving filter bed media screen, to provide for the removal of
agglomerized particles, is arranged to _be shaken to remove
particulate matter from the media material. The clean mnmedia
material is then transferred to and through vertical line 85 for
mixing with media materials from the supply hopper 94.

Operation of the component systemé'of'the apparatus 10, is
preferably provided by electrically operated devices, such as
‘blowers and motors. Which devices, it should be understood, are
preferably relatively 1low horsepower mbtors and/or reguire
relatively low horsepower to operate, thereby providing a simple
and robust system that is inexpensive to ﬁse and maintain.

Examples of the operation of the apparatus 10 of the invention



t he' bott'om of each noving filter bed for reprocessing. The nmedia material
that noves fromtop to bottomin each noving bed filters 13 can be the
sane as or different fromthe media mdBerial used in the static filter bed
media material 75, Three noving filter beds 13 and a single static filter
bed 14 arf®TsREWRAViRG &sgenftalhb ittt PoHINETRFS BRPhfugist BBEeAMATS dependant
upon. t he Gi¢ShAR d SANECERCHRSe 14014 HRY Blath1 0014 U0g particul ates from a
particul ar gas stream y one novi ng 3, a nunber of
noving filter beds 13 can be util igxaspas are reqU|red to conpl etely cl ean
the gas stream and nore than one_ static filter bed 14 can al so be used.

It should al sBhbe Gnder umstherical @E3BPEPt P8n aFPagasusf fohe rewsvm«g
filter beds 13u d ;ngﬁtstat |d[c fls‘Iaguer Q?g %gfn sassz.%%tlt(a)rliléou ? and their
acconmpanyPhgred 5hen FUct ar eso shbu b Tl e FFPE P02 the

ot her noOWiRdahi ddriirakedsSpy 3 mpégoérkﬁtezﬁ aké?ef’éﬂééarlsbﬁgr% mahd their

acconpanyi ng conponents, al so. set out above, the noving filter
beds 13 @dghrenrd ude the bed of nedla material 73 that is maintained
bet ween front and rear 26

A gas stream A flow rate of 35,000 ACFM at a temperature of
350 degrees F has a particulate grain loadihg of 5.0 gr./DSCF and
a gaseous pollutant of SO; with a-éfaiﬁ ioading of 1.0 gr./DSCF,
the primary pollutants in this gas stream. Other pollutants are
associated with the gas stream, but are a minor importance in the
overall clean up of the gas stream. A modeling program is
specifically designed for sizing of the hopper system of the
invention to provide for a desired sorbent material flow and in
entrained air to fully react #ith the gras stream pollutants. For
this example, the sorbents to be used for the cleaning of the gas
stream will be Hydrated Lime Ca(OH),. The rate of feed for the
electrostatically charged hydrated lime will be 155 pounds per hour
permitting the use of a single dry sorbent electrostatic gun 12,
that has a two (2) inch diameter barrel.

One hundred fifty five pounds per hour of hydrated lime, fine
grained -200 mesh, is feed from the sorbent sforqge hopper system
11 to the electrostatic gun 12 wherein an electrostatic charge of
80,000 volts is applied to the.fine grained hydrated lime particles

from the high voltage power supply 67. The voltage charge on the



pl ates 74. The plates 74 are preferably punched with a nunber of holes 76
formed therethrough that essentially ghl ow for an unobstructed passage of
the gas streamthrough the nmedia materral 73. The nmedia material 73 is

pr ef er abl yhymrgravel i tiz deeesphtidgpohetnecredsdlns bant aotedreanaplyaises 74
to be approximately twelve (12). inches with the beds extending full-
across and®rbereepartispilagfd MSSEEEMPSLLPRREES oFPAhePEFtt BR REHSYRY 78heThe

di terial 73] | ect ed . ' [ pall.ut ag
e cont SRR HhS ICATIGSERCH s eaOmERE, i Bat 20ks. o

| i nest one gnavwe! bednasdttfd Cirduntabali @ype 06f t Berbdriee usaiat hi mhkhenhasgepe of
this disclosure, functioning as set out below. The nedia material 73 may
be the samillobet aeviriadle shergr) As@enfirg 97 |3ide speaifiy infespatienel vy,

as shown in Fig. 1, or be or, different rmaterials as.illlystrated in
Exanpl es lthéﬁd%'f_ ?@Fgoﬁga !¥:3Fefn°ﬂ8f’er_fgn.pr°gramTheefrPeedihd’ d%_&tt&di M9 33t het
makes up 40 Véil&h&‘agf;;ﬂéﬂlryl%naxs;eaasas@dfta_aap ithe fidd etndQppengd-§rom a
val ve arrangerrent that is preferably a rotary airlock and is utilized for
mai nt ai Ni Npryehesdunjectddmi noddie féd,t evhiwusferps/2tld ébserdsaatically

atmospheric. The nedia material from hopper 80 travels through the filter
bed respotsirgedt BYgraiad (- iggdinke coin AN EEByIB3PeTHITn offhE FBREFSA

sorbent rapidly disperses into the gas stream, providing a large
charged surface area for inducing the electrostatic charge onto the
particulate matfer entrained within the incoming gas stream and to
supply a large area for the chemical reaction between the sorbent
and the gaseous pollutants to react in. From the injection module
69 to the transition section, a chemical reaction between the
hydrated lime and the S0; takes place, creating CasQ,, or gypsunm,
and the charged hydrated lime sorbent agglomerates the particulate
material, more specifically the PM-10 particles, this area is more
specifically called the residence area or zone, which may or may
not contain a specially constructed residehce chamber.
The transition section has a much greater area than the gas
- stream line 68, causing a rapid decrease in the gas flow velocity.
This change in velocity causes some of the heavier particulate
particles and sorbent reactgd gaseous pollutants in the gas stream
" to precipitate out of that.flow, fallin§ in front of a plurality

of vertical moving media bed filters. The vertical moving media



di scharge valve at the bottomof the filter bed. The rotary discharged
valve is preferably a paddl e wheel devi ce, but can be another appropriate
val ve structure, within, the scope of3%his discl osure and extends fully

across the bottom of the filter bed, fromwall to The _di schar ge
\éal Vﬁ i s befr £ide@TabovE FhigarefiffeR eh&HpETST hKEEh eE‘é‘? v'é%p?ﬁe"ﬁe&f‘ﬁm

I sC arged materi a _ n
captured aggF%miahéze ug(%nlrécr?d tgorbgn?esglart Fgfeglrstr%govglg’gn;sn?&riggmg

travel s tagogghebheid Iéﬁ:ﬁrgelaeciuah Mpimés tidneCr asprodurt arded byt e cdppect i on
filter media material travel, with the bed operating a plug flow node.
Wher e, - orsmedfer nin atherane it i8HaRgRCETF ﬁ15e§§815e‘*’%¥:? oS} fHFEFNsEd ePPRBCR ot ar y

Al ondPiey U RRBERE ISP R 18 LRSS B AL BaFe The ¥ org: 9oaret

Addi tion r-air e provi e rotar Fschar ge

val ve for,J3aashAds "BAbR tHEBRd %t&eaﬂd agge Oﬁaﬁaﬁﬁdlgp&ret:bﬁlieanantﬁlﬁd medi a
screen. The rotary discharge valve and airlock to operate to provide a

closed swstiem meatai bedpéidtexd drd ovhet stedyiferfiidteressar éhar“%ews*}'%t em

contained in the filter housing 72 is therefor
slag, a by-product of copper smefklng grgcgéé¥ﬂ¥%a%s

w191 Save on
the screening costs of the material providing a cost savings to
client, and will help in the recovery of volatilized copper, gold
and silver, which is collected in this process, but is typically
lost or not collected in conventional pollution control systems or
devices. Any pollutants that have no économic valﬁe will be
consumed in the smelﬁing process or entrained in the slag'from the
smelting process and disposed when the slag is drawn off and
transported to the smelters slag disposal area, thus reducing
handling problems associated with the dispeosal of collected fines
and sorbent reacted m;terial as in other processes.

The second and third moving media bed filter and the static
media bed filter material will be set up to recycle the slag,
screening any collected particulates and sorbent reacted gaseous

~ pollutants from the slag media, providing for reusing the screened
media material slag that is sent back into the second and third
moving media bed filger anq'the static media bed filter. The

particulates and pollutants screened from the media, will be sent

directly into the smelting process to further recover any
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capabl e of and is preferably operated at |ess than atnospheric pressure
for providing a vacuumeffect to pull the gas stream therethrough. In
practice, the preferred systemis opgrated at from 1l to 24 inches of water
bel ow at nospheric conditions. This . operating pressure provides for

i ncrease volatieietdi ceapmer,of gbhe a@pasalven endpoté utddspogases asnpre
entrained in the gas strea that are grem pitated onto fhe surface of the

filter beRPhFd@Raatpsrepd|ellected pRlIpEaRtS)|of Jog |"'8ﬁ"‘f”b’rc WASR F85Rti on
uhere hydLgl ey biEs Orsa Mo | nd!SShaAT1hEe SOILEY, MBL el ibasipmove

SJ err] gas conf\al ned 1n the gas streamis as

(OH) [errgertidakarr] --> CaSQerr]+ Herr]0 2(NH err]) +
SJerr] + Herr] ----- > (NH err])[err] SO[err] Further, the preferred
closed systemfacilitates operationBXamglen2gh tenperatures of up to two

t housand degr 28

t enper at ur e o%g‘l"ﬁt s bo?’ﬁc’{s}?%nll Bl AR e S oV R S em &FF cﬁegﬁg§ngand

are an effeQliv@abarmdted 880YaRleblB pHfl1Atanes Gk ifidtansowsly from a gas
stream on a Copper Smelter. Reference is hereby made to Figure 1:

A gas stream, arrow A, flow rate of 50,000 ACFM at a

temperature of 800 degrees F has a particulate grain loading of

15.0 gr./DSCF and a gaseous pollutant of S02 with a grain loading

of 2.0 gr./DSCF, (374 pounds/hour), the primary pollutants in this

gas stream. Other pollutants are associated with the gas strean,

but are a minor importance in the overall clean up of the gas

stream. A modeling program is specifically designed for sizing of

the pollution removal apparatus calculates the material flow and

sorbents to be used and determines the sorbents to be used for the:

cleaning of the gas strean; will be hydrated Lime Ca(OH), and

ammonia NH,. The rate of feed for the electrostatically charged

hydrated lime and ammonia will be 534 and 54 pounds per hour
respectfully, from the hopper feed sysﬁem 11 utilizihg a two

charged dry sorbent electrostatic guns 12 and 12a of the invention.

Three hundred fifty pounds per hguf of hydrated lime, fined

grained, -200 mesh, is feed from the sorbent system 11 to the

charged dry sorbent electrostatic gun 12 wherein an electrostatic

charge of 102,000 volts is applied to the fine grained hydrated



t

product "of a chemical reaction as coul d damage the equi pnent. For exanpl e,
to maintain an operating pressure | ess than atnospheric wthin the filter
housing 72, the rotary discharge valwg that controls nedia material

falling under the urgings or gravity between the front and rear plates 74

i s oper at éélm? e%ﬁﬁ?ﬁl\?é 5% tRER4ER PP EIR @oURSpSERR S S T-he LABVPIRPGS | ter
bed 13. £ d | n LeAce; ssure

bet ween s nsors ath%g?g{:%%s{%on?&ignagg%’&%%d gjnd:?f r%éagg si eg‘g&;9 ﬁsﬁ"é"
movi ng fi htﬁécoﬁaeaoi:ﬁenﬁ hicppepds gsieas tbhathéhariadsa pRiRId der Bouss of

pl ugging. The rotary discharge valve is then operated to pass clogged
medi a naRRReRIa [ARS éPhF-bagﬁharE?@ @5t sarheneditdsfitdonaguni 32s Wseda out

of the alrloc dlas function i.s .s Q .

her ei nbel 3. © 1'h"esqzﬁl &fjgé: 2h2%i & ”gif'a?e{\fg ° se YortRRf et %é’g‘ ifdne
repl eni shgds yida ﬂ%ﬁﬁt‘eﬁl shweorpatﬂ%@ciesdahep@.%oﬁ@at Bak ff&:Hn Lhe n%,ﬁa of
t he novi ng filter d 13 betweén the forward and backside plates

Medi a nmat esltdganpoerensuppilyt 63 . noVheagrdlitager chadge kth cheshgdrsoae igdi a

mat eri al partlcles to be ejected through the openings _ 76 fornmed in forward
and rear ¥23 tBepSMmOPaRy. ifhidetszpined e WrHw théeehsulte nof e3 &5e/ed0 as

to provi d§néal);g:§seo£1|% %%E:Ql&l?lé&emg@‘ﬁer pollutants that must be removed
from the particular gas stream, the distance the electfostatic gun
is located from the first moving media filter bed and the amount
and type of sorbents used. The charge will be a variable charge,
depending on site specific information that is part of the modeling
program. The hydrated 1lime and ammonia after being
electrostatically charged are fed into the charged dry sorbent
injection module 69, which feeds the eleétrostatically charged
hydrated lime and ammonia into the polluted gas strean. The
charged sorbents rapidly disperse into the gas stream, providing
a large charged surface area for inducing the electrostatic cﬁarge
onto the particulate matter entrained within the incoming gas
stream and to supply a large area for the chemical reaction between
the sorbents and the gaseous pollutants to react in. Froﬁ the
injection module 69 to the'apparatué transition section, a chemical
;eaction betweén the hydratéd lime and aﬁmonia and the SO, takes
‘place, creating CaSO;, calcium sulfite + Hzo'aﬁd (NH,) ,50,, ammonium

sulfite and the charged hydrated lime sorbent also agglomerates the



st'r eam’ Such ejected nedia material particles fall into a catchnent
skirt arranged across the front of the noving and static. filter beds 13
and 14, which skirt also receives theeavy particles that fall out of the

gas stream dug,{ 2 J8duGhhon,ofs cifically the Pyﬂﬁoaﬁﬁrticles this

29 gas Streamvelocity in the -transition section. on cont ac W th
t he forwatdaplsitmdrédspeciFidaligr taLlas theeres ddhas hhed her Zonk! egni@di a
materials that pass through the rotary discharge _valve. As set out
above, tReYsSOF et No&r PBFRED @&PﬁEHPLMWF"—EP?—e@ Heas isensef chambem

cat chment- hop I h_rotary. di arge. val and _airl ock are deposited
onto a nedia 'glgér e%%n%%{%é'o}r"m%lg%%sog’r ZI%% 4 sucr:rllf?lv%ﬁ‘a FAck agﬁa gg?rt‘ ﬁtr{eo Pfake of f
the aggl eeeeametisdr henisiagda paplat asdryael iigl anet Gak Bawe ddiwsag to the
media material. The cleaned nedia naterial particles are then novéd to the
hopper 8Uhisagharge ol Welowityf qrausesf soengfbibe tieryigh phztimliatg filter
beds 13. rial | osses at_ the nedia screen are nade up froma

Medi t
medi a hoBPEF-GFS REE PASRBY AEAFLChARErERES TITRGR AT (e Sas stream

to precipitate out of that flow falling in front of a plurality of
vertical moving filter beds. . The vertical moving filter beds, in
this case are charged with two types of media material, sized to -
3/8 inch to + 6 mesh. The first moving filter bed is charged with
silica gravel, a product used in the smeiting process. The
remaining second and third moving filter beas and the static filter
bed are charged with slag, a byproduct of copper smelting, which
will be of a minimum of cost. The media from the first moving
filter bed will be fed difectly into the smelting process, since
silica is a flu# material used in the shelting of copper
concentrates, for this particular application. This direct feeding
from the first moving filter bed into the smelting process will
save on the screening costs of the material, presenting a cost
savings, and will help in the recovery of volatilized copper, gold
and other base metals, that are céllected in this process, that are
typically lost or not collected in conventional pellution control
systems or devices. Any pollutants that have no ecohomic valué;
will be consumed in the smelting process or entrained in the slag

from the smelting process and disposed of when the slag is drawn
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for introduction, along with the cleaned and screened nedia material back
to hopper 80. Wiich nedia material travel, as shown in Fig. 1, is upward
and horizontal through conveyor shafts 89 that feed nmedia materials into
hopper feed lines 82 that dunp the clean nedia materials through airlocks
83 into indiuttluahaharpespotied tef ithle; r@nqmrhomi@tgs dimglossdppEreaneditas

material to each noving filter bed 13. set ,out above the

descri ption BPAUHEY | PEPIRT nPHIBIEEF %%%Pcff?‘ﬁeﬁ t hetRerthes ShSRPSR e OF
taken as a gsf{ddicORsfls Alls LBFoedP¥bROELd baterPEESs 1h b %C%cg@esste@e

first noving ter etween seventy five

ninety five (95) mmer eeabnd mfnd heiparidwdmgat el tet esddal andtied Bgathe fitleem
Which collected naterial includes the agglonerized pollution and sorbent
particles bed media material w111 be set up to Becy%%ﬁiiﬁﬁrﬁéhﬁrr%&ﬁﬁﬁﬂing

Do oot St PR BSREA R et EFTOR BRERLL e

essentially Eiémtiﬁél¥lédﬂﬂéalaga%ﬁa recycling the screened media material,
back intoc the second and third ﬁoving filter beds and the static
filter bed. The particulates and pollutants screened from the
media material, will be sent directly into the smelting process to
further recover any volatilized copper, gold, silver and other base
metals and to dispése of any particulates and collected pollutants
of non economic value into the clients slag from the smelting
process, as previously mentioned.

While a preferred embodiment of our invention in a hopper
system and electrostatic gun for use in an apparatus for removing
particulate matter and gases from a polluted gas stream have been
shown and described herein, it should be understood that the
present disclosure is made by wéy of example .only and that
variations and changes thereto are possible without departing from
the subject matter coming within the scope of the following claims,
and a reasonable equivalency thereof, which claims we regard as our

invention.



cont ai njf,’”ﬂ ' dingly, with different sorbent flowrates as

provi ded!® W"’”ﬂﬂl@%‘wt lon, the systemcan be utilized for renoving

pol lutants from any's er of pollutedagas streans as could require nore
or less than the three (3) noving filter beds shown, wthin the scope of
this disclosure. A so, for sone J&BB-EEAM3ns, it nay be required or
desirabl e tgeuct_.ialliimz_e a different size of nedia material-particies from
those utilized Tn the first noving filter bed 13, and subsequent beds.
Further, it may1 evemdspdir afyatahl unko ellettiraetsit 1 ehent raredirg gkt @i @lnS i N
the noving filter beds 13, as set out in Exanples 1 and 2 bel ow. Such
utilizati onedéctidstatdnt chapgedfsarbgnt Aakera APobyutsl gRFf BEEeRNM as)parer
types of nmedia nmaterial $.28 he filters fora Qe iantdéVimQE@' filter beds
will, of coBfsé™ rBERAYEYS ut?i-i ZEPPEOH Or PATGITTEY eht ™ edh a 2fdt efasgous
repl eni shmegh Al¢ARACEEANr 116, U R dHoppReVEy dtbal kat incil@ekE IHiderhd¥ huidual
nmedi a hoppers 80 and feed |ines. The static filter bed 14, shown in
Fig. 1, as éshenutoahestesd upstandiegalsijearwallgedtizat osant he iopeeed orfoof

the filter housing 72 to receive the gas streamafter it has Eassed
through froRPEREingaapdimeinkaisery &VBFURDAMEG 7Y FEFPBRYS2EST 1ahs meaaf
filter bed (48 Looniavide Lo bt Naldd BBV Gofane s ally stbbeddionaUARsL
particles, agglonera ed particl es and gaseous pol ['ut ant s as may

through a conduit means for nmixing with a flow of air under

pressure; a blower means connected to pass a controlled air flow
into said conduit means for mixing with said volume of dry sorbent
materials and conveying said mix thfbugh a sorbent feed line that
connects into an electrostatic gun:' an electrostatic qun that
includes a housing that contains a straight barrel that has a
smooth inner wall or bore that i;zcludes a fitting means for
connecting to said sorbent feed line to receive said flow of dry
sorbent, which said barrel bore is open therethrough for providing
passage to said flow of dry sorbe;'t and connects, at an open
forward end, to a tube for receiving'-_':—.‘the electrostatically charged
sorbent particles and injecting them into a polluted gas stream;
a charging wand, that is formed from a straight section of an
' electrically conductive material, is...'.'.;‘maintained longitudinally in

- the center of said barrel, and confiects, on a rear end, to an

insulator means; an insulator means with means for connection to

said charging wand and to a variable source of electrical power to

——
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still be pre stream after its passage through the noving
filter beds. !1!"@ mgﬂi 75 for of the static filter

31 bed 14 can that chpgnge is not normally nade during an
operation cycle as the mat erl als it picks up during operations are

gener al | ytrarssiify célsm:ttztisaér eaverplthyghaly. sTheé dhawlatdr |nemns bed dalid s,
however, erlodlca pur ed durln S ste shutdown or when _an

appr opr i atR3rHMssd 5 He? e%fc rpéle%’s tage,£orgpar ALSFRINER bed

14 as it ie @A@faﬁ%gﬁd 'd?xarr %&Itéﬂ éttgleswg;o &&&ﬂ&fﬂﬁ?g%h same

Size as t nmoving filter be he sane, great S esser
t hi cknessindiitiualt lparsdopes 0bf t Sorberd smdt@s-liae. thdtiepsiat titeFddyt erariaed
media material 75, like the noving filter beds media material 73, is

cont ai nedtiak vited PITIRG otheér?érPEala“BI Sisperged hibta, 82 cpelufed mﬁch :
Ctatic f1TPeqn;neaftOfol MElssing BhE%e] PHERLA BoBLY itk ieg 50 0
any WDVG“EHEd(Hha&@&nbeﬁhnd“tcﬁ%kkGﬁthleﬂp¥Uv13h|# maximum electrostatic
charge to all the said particles of sorbent materials as are passed
through said straight barrel.
2. Apparatus as recited in Claim 1, wherein the insulator
means is contained within a cylindrical container that is mounted,
at a forward end, to the housing that'confains the barrel, and is
arranged to be opened across a rear end for providing access to the
insulator means mounted therein; and the insulator means is a
conventional ceramic insulator that contains a conducting rod
maintained longitudinally therein that connects, on a rear end, to
the power supply and to the charging wand on a forward end thereof.
3. Apparatus as recited in Claim 2, wherein the charging wand
rear end is connected by a coupling collar to the insulator means
to receive a variable electrical energ& supply therethrough, with
said coupling collar arranged to receive, into open forward and
rear ends thereof, the charging wand rear end ahd the forward end
of the conducting rod, respectively. . |
4. Apparatus as recited in cClaim 3, wherein a variable
eiéctrical power supply and control panel connected thereto .are

electrically connected to the conducting rod to control the flow

o
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cause ji ”Jllllmu col I ect ed particulate materials.
Accor di ngI static filter bed is usually undertaken prior

to system start- up or aftér shut down.. fpwever, for exanple, where a

pol lution renmoval systemis to operate continuously, two static filter
beds, can k& efettribthl Farebetlzexgte. arranged such that the air stream can
be dlrected around a static filter, ed b%/? ting

h
of a baffle plaPe, BPPITRFYS |BS T&H % tﬁ% F??’f%? f %ﬁrﬁdn7f¥‘ggs%ﬁ air
stream fl owyRkP;8a1 GRRAY a4 oLubilNanki £2h Sidiide Bither belardvinso an

alternative or seco static filter bed, not shown. -After passage, the
air streamposititenexicteetsest backhdargean exhaust conduit and into the
exhaust stack 93. Wth the air stream.redirected around the first

32 static filt&r Degayatus @s FeotedriPefizim 45 HRFFHID EhptheRPeI aYSten.
et led il §Eea-dRdlud eBB!FLL nﬁggat Beodlde S8R Ve 193¢ OF

A hopper 8477's pI’OVI f'ee la material Intot stalc ‘ﬂter

bed 14 thatrecegb¥&sn ra&@y(plredlaafl il&uéarmllﬁbrn@taesb.mﬁa sorbent materials
flow that is gravity fed from said bin, and means for providing a
controlled flow of sorbent materials for §assaga to the conduit for
mixing with a controlled volume of air from the blower in a throat
section of a venturi line.

7. Apparatus as recited in Claim 6,.wherein the means for
providing a controlled flow of sorbent materials is a helix or
screw fed that is turned to move a volume of the dry sorbént
materials into the conduiﬁ. means; and the blower means is a
regenerative blower that provides a controlled volume of air, under
pressure, into so as to Jjust entrain the sorbent material
particulates during mixing in the throat section.

8. Apparatus as recited in CIaim'l; wherein the housing
containing the straight barrel'ié a cylinder, the straight barrel
is mounted 1longitudinally therein, 'and.'said straight barrel
includes a port mounted thereto that.connects to the sorbent feed
line to receive the air enﬁrainéq sorbent material.

9. Apparatus as recited in Claim l,awherein a plurality of
individual electrostatic Quns and associated hopper systems are

arranged for providing a controlled #f£low of electrostatically

\mm\ il
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through a ﬂm/ su ﬁ y I|ne 85. The vertical supply line 85 dunps into

a horizont eeds the hopper through valve 87. The new nedi a
materi al s ca ferred from supg{iy hopper 94, or otherw se
suppl i ed. Duri ng syst em operation the ves feedi ng and di schargi ng
media materials into _and fromit St ed; r
preventing i FPEFEIFd: PERCHTT Bﬁ’f%‘ a?érarlcn{';(’)“‘ﬁ{ai%mjf&éAﬁ% éﬁzﬁjtd%é\?m?as
static filtergepgdiha material 75 is discharged into a purge bin that
directs that flow to a nmedia screen, not shown. The static filter bed

medi a screen, |ike. rmkimgra‘ﬁdi &s beativedi dns&1@dn, o Wheseitdether spheent

renmoval of aggl onerized S, IS arran t entor

particul ate ﬁg‘ﬁéi‘a* r'ome hﬁ‘g °W€F?M‘g "glet%n t%'gl Eaﬁ%ﬁ’tfré c°r?§? g? -
then transfelieg:t o ntthmugfbyﬁslteuqa& bbDEutdE Ak sBt&dmg Wi th nedia
materials fromth upply hopper 94. Operation of the conponent
systens of the appar atappabfatuss asprekéted! in ptladnield bywhelredhr tbeal Egrbent
oper at ed devi ces, such as blowers and notors. \hich devices, it _should be
under st ood, ana§erp¢bf3ér e?bIb}'dFéFatil Yins *laé’\knﬁoﬁseﬁ’éﬁk‘?“]rﬁﬁeols%z&nafofr?’%cﬁﬁ re

relatively | %\gphg o% Lol @ Rge{ﬁ% Fimgggf,eby providing a sinple and

r obust syste nexpenS| \Y o use and I'TB.I nt ai n.
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Exanpl’es of the operation of the apparatus 10 of the invention

33 for renoving essentially all pollutants froma gas streamare set out
and di scussed herei nbel ow as Exanples 1 and 2:

Exarrpl el This is a hypothetical exanple of appar atus for renoving
particul ate matter and gaseous pollutart® sinultaneously froma gas
stream generated by a copper snelter. Reference is hereby nade to Figure
1 A gas stream A flow rate of 35,000 ACFM at .a tenperature of 350
degrees F has a particulate grain loading of 5.0 gr./DSCF and a gaseous
pollutant of SO[err] with a grain loading of 1.0 gr./DSCF, the primary

pol l utants i NHOPFER 8YSTEM AND RINECTROSTATIC(GURTFORINJECTIOROB AN t he

gas stream but are a mnor inportance in the . overall clean up of the gas
stream  BLPOTROSTATICAIIYNCHBARGED SORBENT INTOI A POLILUTED GASSTREARE
hopper systemof the invention to provide for a desired sorbent materi al
flow and in entrained air to fully react with the gras stream pol | utants.
For '

' ABSTRACT _ .

A hopper system (11) and electrostatic gun (12) is disclosed for injecting
electrostatically charged sorbent particles (15) into a polhited gas stream (A). The invention
includes a hopper system (11) with a mass flow hopper (16). Air from a regenerative blower
(24) mixed with the sorbent (15) and transport the sofbent (15) into an electrostatic gun Barrel
(36). A charging wand (37) provides electrostatic cMgé to all the sorbent particles (15)
which are then passed into a polluted gas stream (A) wh_ér_e the sorbent particles attract
submicron size pollution particles. Agglomerized sorbent (15) and pollution particles are
passed through a series of filter beds (13, 14), cleaning the gas stream which is then vented to
the atmosphere (93). |
Fig. 1.
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this exanple, the sorbents to be used for the cleaning of the gas stream
wll be Hydrated Linme Ca(OH)[err]. The rate of feed for the

el ectrostatically charged hydrated linme will be 155 pounds per hour
permtting the use of a single dry sorbent electrostatic gun 12, that has
atw (2) inch dianmeter barrel. - One hundred fifty five pounds per

hour of hydrated linme, fine grained -2001%§sh, Is feed fromthe sorbent
storage hopper system 11 to the electrostatic gun 12 wherein an i

el ectrostatic charge of 80,000 volts is applied to the fine grained
hydrated lime particles fromthe high voltage power supply 67. The voltage
charge on the - : 34 hydrated line is
determ ned.upon the results of a screen gna an_he particulate matter
pol lutants that nust be renoved, the distagce kalgi ng .gun is | ocated
fromthe noving nedia first filter bed and theyarg® d type of _sorbent
used. The charge will be a variable cliargesdqpEds aa—site spgcific
information that is part of the nodeling profygram™ HYUrabaf I me

after being electrostaticalIﬁiiii:ged isluﬁuﬁ~%.
=
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sorbent injection nodule 69, which feeds the electrostatically charged
hydrated |line into the polluted gas stream The charged sorbent rapidly

di sperses into the gas stream providing a |arge charged surface area for
i nducing the electrostati¢c charge onto the particulate nmatter entrained
within the incomng gas streamand to supply a large area for the chenica
reaction between the sorbent and the gasepus pollutants to'react in. From
the injection nodule 69 to the transition section, a chem cal reaction
between the hydrated Iime and the S err] takes place, creating CaSJerr],
or gypsum and the charged hydrated |linme sorbent aggl onerates the
particulate material, nore specifically the PM 10 particles, this area is
nore specifically called the residence area or zone, which may or may not
contain a specially constructed resi dence chanher The transition

section has a nuch greater area than| tjhigligas streamline 68, using a
rapi d decrease in the gas flow vel oc H I "This change in vel y causes
sonme of the heavier particulate - par I es and sorbent reacfidtiigaseous
pollutants in the gas stream to prefijl pitate out of that flif falling in

front of a plurality of vertical noving nedia be ' | ' e vertica
nmovi ng nedi a L1

="
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35 bed filters, in this case are charged with two types of nedia
‘material, sized to -3/8 inch to + 5 mesh. The first noving nedia bed
filter is charged with |limestone, a product used by a copper snelter in
the snmelting process, is used were to further enhance the reaction of
SJerr] and to insure maxi mum clean up of the gaseous pollutants fromthe
gas stream The remaining second and third noving nedia bed filter and the
static filter are charged with slag, a3by-product of copper snelting
process, that will save on the screening costs of the material providing a
cost savings to client, and will help in the recovery of volatilized
copper, gold and silver, which is collected in this process, but is
typically |os r-not collec in conventional pollution control systens
or devices. ‘#Einngl<ut S éﬁﬂt have no econom c value will be consuned
in the sneltimg pTy ﬁissfanagp rei ned n tge slag fr the snelting process
e

and di sposed ghe® S ed to the snelters
hsSociated with the

sl ag di sposal ‘area
di sposal of &ol : (i al =ag i n Bt her
processes. — i =
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The second and third noving nedia bed filter and the static nedia bed
filter material wll be set up to recycle the slag, screening any

coll ected particul ates and sorbent reacted gaseous pollutants fromthe
sl ag nedi a, .providing for reusing the screened nedia nmaterial slag that is
sent back into the second and third noving nedia bed filter and the static

nmedi a bed filter. The particul ates anq/golhhtants screened fromthe
media, will be sent directly into the snelting process to further recover
any 36 volatilized copper, gold

and silver and to dispose of any particulates and collected

pol lutants of non economic value into the clients slag from the
snelting process, as previously nentioned. -

Exanpl e 2 This is a hypothetical exanple of apparatus for renoving
particul ate matter and gaseous pollutants sinultaneously froma gas stream
on a Copper Snelter. Reference is hereby nmade to Figure 1:
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A gas.stream arrow A, ‘flow rate of 50,000 ACFM at a tenperature of 800
degrees F has a particulate grain |oading of 15.0 gr./DSCF and a gaseous
pollutant of S02 with a grain loading of 2.0 gr./DSCF, (374 pounds/hour),
the primary. pollutants in this gas stream Qher pollutants are
associated wth the gas stream but are a mnor inportance in the overal
.clean up of the gas stream A nodeling/sprogramis specifically designed
for sizing of the pollution renoval apparatus cal culates the material flow
and sorbents to be used and determ nes the sorbents to be used for the
‘cleaning of the gas streamw || be hydrated Line Ca(OH)[err] and anmoni a
NH err]. The rate of feed for the electrostatically charged hydrated Iine

and anmonia will be,534 and 54 pounds per hour respectfully, fromthe
hopper feed syste 1 utilizing a two charged dry sorbent electrostatic
guns 12 and 12a o he & nventi on. ~ Three hundred fifty pounds per hour

of hydrated Iine
system 11 to the
el ectrostatic
hydr at ed

g ged.gdry sorbent electrostatic gun 12 wherein an

fig;QJ grai ned, -200 nesh, 1is feed fromthe sorbent
harjge Qf 02,000 volts is applied to the fine grained




37 “*‘T”"”rre partl cles fromthe high voltage power suppl y 67. 184 pounds per
hour of hydrated linme, fine grained, -200 nesh, is feed from a second
sorbent hopper systemtogether with 54 pounds per hour of ammpnia gas to
the charged dry sorbent injection gun 12a wherein an electrostatic charge
of 98,000 volts is applied to the fine Qgrained hydrated line particles and
anmoni a gas fromthe high voltage power supply 67. The voltage charge on
the hydrajse@ieh vBRted 36 dtrhGpheIOTh@ abdve SRH FcRLAWPpARRR anb GnétBSd pheenifard
screen analysis on the particulate matter pollu ants t hat must "be renoved
fromthe painiplesibfithegaste ifrpeionart, it rested Einfiled capfidy' fos paitichlats Fembval

| ocated fromthe first noving nedia filter bed and the anount - and type of
sorbents fresd.highevalhmegpolited pas dlows: i afhe piesenyeinvenkipe ruliergpres shdse
specific information that is part of the nodeling program © The

hydr at ed defigigfgies lashmclmhnsrg iapacityafor epntrolljag tae velnmetafsorbant sadterjal dflew ged
are fed intpo_the charg bent tj jectiaon nmodul e 69, which feeds the
el ectrost%‘?qo PFIWGF &g 9 rfga%fﬁﬁe‘aﬁlrmﬁl °§ebt eontrelled giolume @f gas

;S; g\e/?(rjr} ng L’E& g“ﬁ??il’%ﬁéppfﬁql 38%"’ PF?}?&?%L%E in the (ﬂa,s stregmtee

char ge

particulate and gaseous pollutants are present in a specific polluted gas stream.
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onto the particulate matter entrained within the incom ng gas stream and
to supply a large area for the chem cal reaction between the sorbents and
t he gaseous pollutants to react in. Fromthe injection nodule 69 to the
apparatus transition section, a chem cal5 reacti on between the hydrated

| ine and ammoni a and the SO[err] takes *Place, creating CaSo[err], calcium
sulfite + Herr]0 and (NHerr])[err]SO[err], ammonium sulfite and the
charged hydrated |ine sor beSUMMNMORTIOFIRE INSENTION

38 particulate material, nore specifically the PMI 0O particles this area
is nmore speci fii isaddl gbjeat! dfette presentcimiveietioneto aintsliofdte 066 er mdte AikadVitages ofaY
not contain a specially constructed residence chanber. The transition
section hthe prionsh greater area than the gas streamline, causing a rapid
decrease in the gas flow velocity. This change in velocity causes sone of
the heavier particulate particles and sorbent reacted gaseous pollutants
in the gas stream to precipitate out of that flow falling in front of a
plurality of vertical noving filter beds. The vertical noving filter beds,
in

- \
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this case are charged with two types of nedia material, sized to - 3/8
inch to + 6 nesh. The first noving filter bed is charged with silica
gravel, a product used in the snelting process. The remaining second
and third noving filter beds and the static filter bed are charged with
sl ag, a byproduct of copper snelting, which wll be of a m ninumof cost.
The nmedia fromthe first noving filter bed will be fed directly into the
smel ti ng proc@sserdéigtconesdspédt df thes predent filventioR tieré & providied a lidppef Bdtem
snmelting of copper concentrates, for this particular application. This
di rect f-eauntl slgctréstatin gure fdri injectiomof ag eldctibstatid elthrgetd sorbére intwed poligegrgasess
wll save on the screening costs of the material, presenting -a cost

savi ngs, strehmwiab |panteph an rapparatusefosviempvin pestienlatei maiter cndpgaseousopol lutamss
other base netals, that are collected in this process, that are typically
| ost or n&PMPESPGCANOPPRr SxsRe dRclading arbin et bes twar comnectedsupstandiig side

devi ces. ol lutants that_ have.no ecqnom.c .val ue i1l he consuned in
Che ool « WAIN shel.calk, B, Sheted P JeCeivios Ao PAIRIEIREE 4 (RIS, Of 13 GeY SOMARL

ggd di spogGel i, WgH: W0° prdvisk 'a°n8%28F a measured volume of dry sorbent materials

through a conduit means for mixing with a flow of air under pressure; a blower means
connected to said conduct means to pass a controlled air flow into said conduit means for
mixing with said volume of dry sorbent materials and conveying said mix through a
sorbent feed line connected into an electrostatic gun; an electrostatic gun including a
housing containing a straight barrel having a smooth inner bore including a fitting means
for connecting to said sorbent feed line to receive said flow of dry sorbent, which said
barrel bore opens therethrough for providing passage to said flow of dry sorbent and
connects, at an open forward end, to a tube for receiving the eiectrostatically charged
sorbent particles and injecting them into a polluted gas stream; a charging wand, formed
from a straight section of an electrically conductive material maintained longitudinally in
the center of said barrel, and connects, at a rear end of said charging wand, to an
insulator means; an insulator means with means for connection to said charging wand
and to a variable source of electrical power to transmit electrical power through said
insulator means to said charging wand so as to produce a corona discharge surrounding
said charging wand to electrostatically charge individual particles of sorbent material that
pass thereby and are dispersed into said polluted gas stream; and means for adjusting the
electrical power supplied to said charging wand to provide a maximum electrostatic
charge to approximately all said particles of sorbent materials as are passed through said

straight barrel.
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i ¥
off and transported to the snelters slag disposal area, thus reducing
handling problens associated wth the disposal of «collected fines
and sorbent reacted material as in other processes. The second and
third moving filter beds and the static §Jilter bed media material will be
set up to recycle the slag, screening any collected particulate and
sorbent reacted gaseous pollutants fromthe slag nedia, and recycling the
screened nedia naterial, DESCRIPTIONOFSEERBRAWINGS'd moving filter beds
and the static filter bed. The particulates and pollutants screened from
the nedia nmalteteadravings| thigeillystratedthatwhich is presentherepardetiasg béso aasde fop
further recover any volatilized copper, gold, silver and other- base netals
and to di SPHEBE fpt BEynYRMtONcul ates and col | ected pol lutants of non
econom ¢ value into the clients slag fromthe snelting process, as
previ ously mentioned. VWiile a preferred enbodi nent of our invention in
a hopper systemand electrostatic gun for use in an apparatus for renoving
particulate matter and gases froma polluted gas stream have been shown
and described herein, it should be understood that the present disclosure
is made by way of exanple only and that variations and changes thereto are
possi bl e wi thout departing from
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the subject matter comng within the scope of the following clains, and a
reasonabl e equi val ency thereof, which clains we regard as our invention.
40 CLAI M5 1. A hopper
system and el ectrostatic gun for inj ectéon of an electrostatic charged
sorbent into a polluted gas streamas part of an apparatus for renoving
particulate matter and gaseous pol lutants conprising, a hopper system
including a WHig t Bod phoditle pBRPéctive 46w Of he dppadathe fst rehovingeparatdlste hatercan
be opened for recei VI ng and mai ntaining a vol une of a dry sorbent

nat er i al andrgasepu$ pollptantsi figmaa pbliuted fgasn stresms what dnolodesnthe dopgery systaanrandnt
materials through a conduit nmeans for mxing with a flow of air under

pr essur eglectrogatis chasgingeguisof thenisversion; and shewwing e bopparasystetro forafesdiag
controlled air flowinto said conduit peans for mxing with said vol une
of dry sé%éwbewaméwal%%élr%msv?@c sharging gD & PEWeEIgSHPRIY 8nd eantrolsed

SRR T B o %;@szaé B oy e
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sorbent paydicahfthagind inj ectl ng theminto a polluted gas stream a char gi ng
wand, .

This is the replacement sheet

Date: 9 9 DEC 1997



formed froma straight section of an-electrically conductive materi al

mai nt ai_ned longitudinally in the center of said barrel, and connects, at
a rearm'ai"ﬁharﬂkng wand, to an insulator neans; an insul ator
means vm"" f onnection to saidg charging wand and to a variable
source 'Mmin‘”ﬂ%ﬂmp\er to transmt electrical power  through said

I nsul at dr Means & charging wand so as to produce a corona di scharge
surroundi ng said charging wand to el ectrostatically charge individual
particles of sorbent material that pass thereby and are dispersed into
said polluted gas stream and neans dAIMSidj usting the el ectrical power
supplied to said charging wand to provide a maxi rum electrostatic charge
to approxinmately all said particles of sorbent materials as are passed

t hrough said straight barrel. 41 2. Apparatus as recited in
claim1l1, wherein the insulator nmeans is contained within a cylindrical

cont ai ner, nount,ed, at forward end...to the hausin ont ai ni ng,.t he str.ai ght
bort ol - dai'a A obe ey e e e St AfERioRCoC 8" decoRfdet Khafged”™
Cdi . C _ . ¢
eans i  SaRRE B0 bbolbifed 448 dhi8ddlas BEANT AMUIBGths OEBIGind Bt Bagh™" ©"
Nt ai I . . P g _ )
bover S Esbis Bolidadl (iR, I3iopbl" SRS inflafhe’ £in Hidh bhe ihik
Appar at Ugogafiect&l hi)ﬁﬁhdiﬂg Gl Walls tHetCER be Tob@nddh Rirgfeeﬁvi@”%d %ﬁintﬁﬁﬁhg a
connects, by a coupling collar, to the insulator neans to receive a

vari abl e vohansé of & dry sorbentymaterigl; yndahe fortproving b flow dha srashired volumegoftdry! ar
arranged to receive, into open forward and rear ends, the chargi ng wand
rear end sarbént hmterialscthrohghnal coduithmeans rfdumixing withda flowsqefedit indérypressure;

a blower means connected to said conduct means to pass a controlled air flow into said
conduit means for mixing with said volulpe of dry SO:Bent materials and conveying said
mix through a sorbent feed line connected into an eléctrostatic gun; an electrostatic gun
including a housing containing a straighti barrel having a smooth inner bore 'including a
fitting means for connecting to said sorbent feed line to receive said flow of dry sorbent,
which said barrel bore opens therethrough for pl:oviding passage to said flow of dry
sorbent and connects, at an open forward end, to a tube fdr receiving the electrostatically
charged sorbent particles and injecting them into a poiluted gas stream; a chafging wand,
formed from a straight section of an electrically conductive material maintained
longitudinally in the center of said barrel, and connéc‘ts, at a rear end of said charging
wand, to an insulator means; an insulator means with means for connection to said
charging wand and to a variable source of electrical power to transmit electrical power
through said insulator means to said charging wand so as to produce a corona discharge
surrounding said charging wand to electrostatically charge individual particles of sorbent
material that pass thereby and are dispersed into said polluted gas stream; and means for
adjusting the electrical power supplied to said chargi’ng ‘'wand to provide a maximum
electrostatic charge to approximately all said particles of sorbent materials as are passed
through said straight barrel. |

This is the replacement sheet

Date: 2 2 BEC 1997



4. Apparatus as recited in claim3, wherein a variable electrical power
supply and-cont+el—panel _are_electrically connected to the conducting rod

to control fl ow of electrical power thereto. 5. Apparatus as
recited in u’mg , the source pf electrical power is variable and
can provide e or positive electrostatic charge. 6.

Appar atus as reci ted I.n cI aim 1, wherein the hopper system bin receives a
flow of gravity fed sorbent materials and provides a neans for passing a
sorbent materials flow ' 42
gravity fed fromsaid bin; and neans for providing a controlled flow of

sor bent materl als for passage to the conduit for mxing with-a controlled
vol une of2-ai rARRasHNY A resitedan claim b whereiatthe dnsulator means iy eomtained [within a

ot rof | GRTERHY COnRGiss GRSHSIRAL e T L i, 2 b8, HOREINE PRI oAt

vol ure Ofba}rgﬁ s%uly cysll%dpf:ﬁt ee[r' c%.lnsbe opened across a rear end for providing access to
the insulator means mounted therein; and the insulat(__)r. means is a conventional ceramic
insulator containing a conducting rod maintained longitudinally therein that connects, on

a rear end, to the power supply and connects to the charging wand on a forward end.

3. Apparatus as recited in claim 2, wherein the charging wand rear end connects, by a
coupling collar, to the insulator means to receive a vériable electrical energy supply
therethrough, with said coupling collar arranged to ;eceive, into open forward and rear
ends, the charging wand rear end and the forward end of the conducting; rod,

respectively.

4.  Apparatus as recited in claim 3, wherein a variable electrical power supply and
control panel are electrically connected to the conducting rod to control the flow of

electrical power thereto.

5. Apparatus as recited in claim 4, wherein the source of electrical power is variable

and can provide either a negative or positive electrostatic charge.

6.  Apparatus as recited in claim 1, wherein the hopper system bin receives a flow of

gravity fed sorbent materials and provides a means for passing a sorbent materials flow

el
is the r-ep\acemem she
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i nt'o the condui t rreans and the blower neans is a regenerative bl ower

ent Y;?h”?HﬂlﬂEﬁlllﬂm\\lmum' "™ part fcul at s during mxing in the throat

section. * par atus as recited 4an claiml1, wherein the housing
cont ai ni ng the straight barrel 1is a cylinder rmuntl ng said straight barrel
longitudinally therein, and said straight barrel includes a port

connect i 2§ ﬁeaércm tsblérhln’f aukmeansdor providing ¢ sontrelles; flow of serbantimatsrislnt

mat eri al Ag as.recited in claim1, wherein a plurality of
i ndi vi dudPr m%%&erfestb PR mixing Wi gcsontrelied spipme of it ram @F@l%wraw@,ed
to prow

de roll.ed fh{_rw .0f electrostatically charged sorbent
particl eéqnfﬂa F thf(% bliPfre pol | uted gas stream 10. Apparatus as
recited in cIa|m1 wherein the sorbent material is selected for reacting
with the pollution constituents as are present in a particular polluted gas
stream ' 43

7. Ai)params as recited in claim 6, wherein the means for providing a controlled flow
of sorbent materials is a screw fed turned to move a volume of the dry sorbent materials
into the conduit means; and the blower means is a fegenerative blower providing a
controlled volume of an', under pressure, into so as to entrain the sorbent material

particulates during mixing in the throat section.

8.  Apparatus as recited in claim 1, wherein the housing containing the straight barrel
is a cylinder mountfng said straight barrel longitudinally therein, and said straight barrel
includes a port connecting to the sorbent feed line to receive the air entrained sorbent

material.

9.  Apparatus as recited in claim 1, wherein a plurality of individual electrostatic guns
and associated hopper systems are arranged to provide a controlled flow of

electrostatically charged sorbent particles for injection into thc polluted gas stream.

10. Apparatus as recited in claim 1, wherein the sorbent material is selected for

reacting with the pollution constituents as are present in a particular polluted gas stream.
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117 i ' wised in claim210, wherein the sorbent material is a
hydr a ﬂn'mlmglnﬂmmla particul ate size of fromat 15M (mcron) to 1mm
(mllimeter)r ® s » | ‘

43

11.  Apparatus as recited in claim 10, wherein the sorbent material is a hydrated lime

having a particulate size of from at 15M (micron) to Imm (millimeter).
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