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ELI M NATOR BACKGROUND [ 0001] This invention relates generally to fiber bed

m st el i mwebeyswregpd fi ber beds and coll ecting nedia 2]
Fi ber bed m st elimnators have wide industrial 5 appllggﬁﬁ%ﬁ&PWhﬁﬁg

removal of aerosols fromgas streams. The generation of aerosols ("mst")
in gas streans is comon in the coursé of manufacturing processes. Aerosols
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Cooling of a gas stream may result in the condensation of vapor to forma
mst, and reactions of two or nore gases may take place at
tenperatures and pressures where the reaction products are msts. However
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i nject the aerosol er ~ processi ng aer osol may

be corrosidet adrimitharossse dredf iiseflarede aid fdbﬂ]é‘t@:iﬁghﬁ@dmoceSSl ng
equi pnent... Moreover, it can be undesirable to exhaust certain aerosols to
the envi raRSHOT Some of the more 20 frequent applications of fiber bed mist
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acid rmanufacturing, plasticizer msts in act ure of
poIyvﬁnymppﬂxnauﬂeﬁlﬂnnthﬂ mmmdvajnnﬁlaqmbsdﬂnifrnmngﬂsoétmeams sol ubl e
solid aer sols fromthe 25 em ssions, of, ammonjumnitrate prill towers. In
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t hi ngs, the thickness of the fiber bed 00482
can be formed, for instance, as a result of mechanical
forces (e.g., when a flow including a liquid runs into a

10 structure) that atomize a liquid. Cooling of a gas stream
may result in the condensation of vapor to form a mist, and
chemical reactions of two or more gases may take place at
temperatures and pressures where the reaction products are
mists. However the aerosol comes to be in the gas stream,

15 it can be undesirable to inject the aerosol intoc other
processing equipment because the aerosol may be corrosive
or otherwise lead to damage or fouling of the processing
equipment. Moreover, it can be undesirable to exhaust
certain aerosols to the environment. Some of the more

20 frequent applications of fiber bed mist eliminators include
removal of acid mists, such as sulfuric acid mists, in acid
manufacturing, removal of plasticizer mists in the
manufacture of polyvinyl chloride floor or wall coverings
and removal of water-soluble scolid aerosols from the

25 emissions of ammonium nitrate prill towers. In these
various applications, fiber bed mist eliminators may
achieve separation efficiencies of 99% or greater depending

upon, among other things, the thickness of the fiber bed.



2 [0003] It is generally known that fibers nade of various materials may be
used to construct fiber beds for fiber bed mst elimnators. The fi ber bed

i s desi gnesloteosmolisect fine liquid mst and sol uble soli rticle
entrained in a 5 noving gas streamand drain themthr ougkggﬁgzitp&h%gﬁre of

the bed. Typically, beds of collecting fibers are associated wth netal
W re screens-or-simlar external suph%rt structures. The conbination of a

bed of caqll ing _fikers and ternal support_ .structure is known as a fiber
10 bed ad08RaNy ATt S50 SHERGATLR: BRCUR BERtdd BeFo e deo Thatat R | on of
the fibemnabediassemly rRPaled LIMAME IR SHRROYed UGt Wibekihey beds
may be formed by packing bulk fiber between two opposing support screens

(bul k- paBiet eBdagpatprs.f dihei fgben dsel dfs Geasdignisst taatarlilact ofing ndi ng 15

a roving of .fibers, arqu a _cyl.indrical .support screen (wound beds).
Al 't houghlgggﬁldl %ltsg,‘:d%fjc%j1 gﬁ’?‘ﬁl%g'ecg ilﬁ%é_"triq%nc,le% é:rrabl&?‘:gsls%r%l | es are nost
of t ens combidubedaish sthealohid @irad nvetdnt alhreyigindele Rthididitealf fi ber bed
assenblies permt a high effective fiber bed surface area in a m ninmm 20
of spacelhpl gﬁdf-i Feplsad lass &esls ef sleetdmefIRg® #4%d particul ar

appl i cat ia%@o%gi‘a.t%d@wj]%i&lqgll%glaé.ln%e &s%%%égéaégoﬁxﬁ%ﬁrﬂﬂal@éﬁﬁéﬂi ontal stream

of gas containing a bl'e sol'id aerosol is nade to

penet r at guppdrast ridutaigdh .t e idegtbiad iehn dfe 2%dd e dieldl exstsiandbl y. The
fibers in the fiber bed capture the aerosol in the gas by the nechanisns of

i npact i ok 1Rt &l ST Noen FUBRSTT SH NI oif AL bt (it S R%F osol
coal ggces,.an ats@%nfﬂlg/e.r ad ﬁlsfe(?f R OR % ,0f (fi']éﬁi:‘ Gdd) dd¥erd Ierehed. The

novi ng gas urges the droplets to nove toward 30 the downstream face of the
fiber begomtdoa tife theptiibed Hadywisbeambitys ddeert ifoem Fed/ ssukhir ai ns downwar d
under th%up&%&%eéﬁkdggagé)hFiber beds may be formed by packing bulk
fiber between two opposing support screens (bulk-packed
beds), pre-forming a tube of fiber bed material, or winding
15 a roving made of fibers around a cylindrical support screen
(wound beds). Although not limited to such a configuration,
fiber bed assemblies are most often configured in the form
of a vertical cylinder. Cylindrical fiber bed assemblies
permit a high effective fiber bed surface area in a minimum
20 of space. Flat fiber bed assemblies on the other hand, find
particular application for smaller gas flows.
{o004] In operation, a horizontal stream of gas
containing a liquid and/or wetted soluble solid aerosol is
made to penetrate and pass through the fiber bed of the
25 fiber bed assembly. The fibers in the fiber bed capture the
aerosol in the gas by the mechanisms of impaction,
interception, and Brownian diffusion. The captured aerosol
coalesces on the fibers to form droplets of liquid in the
fiber bed. The moving gas urges the droplets to move toward
30 the downstream face of the fiber bed where the captured

liquid exits the fiber bed and drains downward under the

force of gravity.



WD 2006/ 074383 PCT/ US2006/ 000482 3 [00051 The fibers which make up the
fiber bed may be made froma variety of nmaterials. Materials utilized to
make bed fiber include, for exanple, netals such as stainless steel,
titani um W¥PEU06/F#Bars of polymeric 5 materials such as PEhNS20RI0F0452

pol yvi nyl chl ori de, polyethylene terphthalate, nylons, polyethylene,

pol ypropyl ene_etc., and glass. In appljcations where corrosive conditions

and/or high tenperatures are encountered, |ong staple, chemical grade gl ass

fibers hageokq founthed il afMHIMARPRBAEHS & ik D8] RefS O fiber bed
mst elimnators. Fibers ranging in dianmeter from5 mcrons or less to nore
t han 200 maider drom &s Waaliletgs ofc aradiaraitalehs Mftantipelrs wifildasd ngp di anet er s,

have bee e i n.fiber. beds, T ul k Si of. prior._art fiber beds 15
r anges FRaRched el fltno"%(‘ﬁida'kgfor%e’%aé“%g%éat‘%ert%lr%&%“ B/ ft3 (320
kg/ nB), \tialigleiserster t hiicldieias,r anges fFisarakotitpdlymdei@bout 6 inches

(1 to 15 cm or nore, depending upon the desired separation efficiency.
(00061 | madeddalfosuely aferdate e run@a o enledriazeide, 20 the bed nust be

mechani cal | lLe. H&ﬁnﬁﬂi y ' ]gﬁg | s one which wll
retain i so%te?%l tt?(r?la %ln egri i;%a!évx’n trﬁélﬁo?isguﬁisc%lgﬁ{ti s%?‘fti ng of the fibers

rel ati ve godypadpydenie fdtaer,s amierylmgeoseah tapghecdnices wixerd ed by the gas
being treated gnd t he captured aqg draining liquid 25 during aerosol
col | ect i GPTFIORLVEC IFAREH L A ANIHAQF i HbiCeMRETRIEITRRY, 2%¥%he perf or mance

charact efdrgld e e¥ed,NE sfﬂéx&le,becﬁa?ﬁiaeépf%%a@'éfé%-fi&fsfﬁm bed

| acki ng mechanical 'stabiTity,” the noving gdas streamforces the fibers to
shi f t10 s lestran piaaddiyculeaisy ngiddepteagliubd ddenEidodr Beeds | mif shiieeB0 portions

of the fiber ed tq i oo felt ahileincensing, dhe.yeld spgge; betveen

microns or less to more than 200 micronsg, as well as
combinations of fibers of varying diameters, have been used
in fiber beds. The bulk density of prior art fiber beds

15 ranges from about 5 1lb/ft? (80 kg/m’) to greater than 20
1b/ft® (320 kg/m®), while fiber bed thickness ranges from
about 0.5 to about 6 inches (1 to 15 cm) or more, depending
upon the desired separation efficiency.
[o006] In ordexr for a fiber bed to function effectively,

20 the bed must be mechanically stable. A mechanically stable
fiber bed is one which will retain its structural integrity
without substantial shifting of the fibers relative to
adjacent fibers when exposed to the forces exerted by the
gas being treated and the captured and draining liquid

25 during aerosol collection. If mechanical stability is not
maintained, the performance characteristics of the bed will
be unfavorably altered. In a fiber bed lacking mechanical
stability, the moving gas stream forces the fibers to shift
substantially, causing the liquid ladened fibers in some

30 portions of the fiber bed to mat or felt while increasing
the void space between adjacent fibers in other portions of
the fiber bed. Matted portions of the fiber bed are more

resistant to both the flow of gas and the drainage of



the fiber bed. Matted portions of the fiber bed are nore resistant to both
the fl ow of gas and the drainage of WO 2006/ 074383 PCT/ US2006/ 000482 4

capt ured Iwqgubgo748ptured liquid which is unable to drai
reentrai ned by the noving gas stream resulting in reducligaﬂs%ég(%bg@f‘%n

efficiency. Also, the pressure drop agross matted portions of an unstable
fiber bed is-5-irncreased. On the other®“hand, in those portions of a

ver age. FORTISS: & MR he ARl SR LS L o SR £ o e Br channel s
form whi gl rordieee reepaialimm 19 firnd el Rld WMl heragr psphg COAL ai ni ng

gas to pass 10 through the fiber bed w thout” sufficient contact Wth the
col | ect i rpdUasst separafulan witidei enmy waikap f e Brebsurss edbdp es,

mechani cal ,_st abi | i i s largely dependent on .t ulk density of the
fiber bed HHW3 At sttej:)ééoﬁj\%%tl%or?%lqg a%olﬁﬁtra%eecfjfé]%:e%%%dl%ssenbl les, a

fi ber shed duddas@densicry thHe wWiikdn Hdvel ) angerbscmseti dystde frior art
typically provides sufficient contact between adjacent fibers to prevent

subst ant MAChASERAY omatable pekkemRar efpred kT teifoirgshaserted by
the movi ng A% R S0 LI PREKhadd hitc heds. o dRDSLAY lpLbe, fiber bed

and resistance to venent 1°s mai ntal ned e reactrve

conpr essimsrdsaopd capuirted agariesindhe frack edhfalbersdinye t bepidxvet DEPosi ng

support screens. Inﬁ:g(ref rmed fiher bed tubes, the  materials may be needl ed
d

punched c?rf_%er’fcéfr PRIt LIPS, FRFTHRNT | H_F Eﬂt]%\% fenent or
fi berjgbond{ AP i HRNILNSD dhehQYerald s Rednr &b or sed xfziﬁf:’ﬁrtﬂ?@d tubes

have to be reset or adjusted overtinme because the fibers shift wthin the
bed. in vnidedtig fidesrs debsilbyllofpadied idet wdedd nbtlessapgdt 0 provi de
nechani cal stability 5.8 rest toe Ols PRYSTAl TAUS S SOSLUGLAG Lps, tensi on
the bulk density of the fiber bed. In these conventionally
constructed fiber bed assemblies, a fiber bed bulk density
15 within the range disclosed by the prior art typically
provides sufficient contact between adjacent fibers to
prevent substantial movement of the fibers when exposed to
the forces exerted by the moving gas stream. In bulk-packed
fiber beds, density of the fiber bed and resistance to
20 fiber movement is maintained by the reactive compressive
force applied against the packed fibers by the two opposing
gsupport screens. In preformed fiber bed tubes, the
materials may be needled punched or heat formed so that
there is significant fiber entanglement or fiber bonding to
25 strengthen the overall bed. Preformed fiber bed tubes have
to be reset or adjusted overtime because the fibers shift
within the bed. In wound fiber beds, density of the fiber
bed necessary to provide mechanical stability is a result
of several factors including the tension in the roving as
30 it is wound arocund the cylindrical support screen and
compression of the fiber bed by a wire screen or similar
structure which may be wound on the cylinder adjacent to

the exterior surface of the fiber roving.



30 it is wound around the cylindrical support screen and conpression of the
fiber bed by a wire screen or simlar structure which may be wound on the
cylinder asdpacwnbids® the exterior surface of the fiber '

2006/ 074383 PCT/ US2006/ 000482 5 [0007] However, bul k de%@f‘@g@éy\ﬁ%ﬁz be
increased indiscrimnately to achieve mechani cal- stability. If the bulk

density of a fiber bed is increased t 00 much, the bed wll be prone to
fl ooding. An effective fiber bed is a 5 relatlvely open structure that
allows free gas flow and 1|iquid drainage even when the collecting fibers

are coat eghoom]t h coidwesicad IHulk dendiane datsiothes ufdidrdéeséqvoi d space
bet ween adj acent, fibers in the bed so that collected ljquid is not able to

bri dge t REEFEEHaRkSY 4 &LHievs peedhansicayl stfabihilext ehf Ehat the
adher enceg, gy Qﬁr{ég&éﬁ%ﬂ QY 1§ d,0 b%& S WAk M fﬂ&?ﬁ?uc?tﬁe Spdde |iquid

from drai ni ng A neasure e open space in a fiber bedis void
fractlonwmmkﬂbespnhﬂeruajﬂloddmngunAnchﬁﬁﬂdeuﬁ fitleer fodé@rided and the

aver a e density the fiher eri accordin to t foll owin
f or mu qﬁeﬁ“ﬁe&d’ Vaciheh fsrqﬂ%iqr%'r t-?_hat 125 et e RYF 1 gaver age
fiber rrathrq@d A e%éaﬁrwrthq@sbﬂé/ni&.ﬁiéaﬂc ;}ﬁ_iefﬁoé/@é g £& agh4 08g of

greater than about O. 9 [0009] It 1s generall nown that the thickness of
a fiber Widdh sl Ysee st rlalageid] wi Thexce rud pdee isuhiient onobd espaceency by

decr easi t he aveaefl r._di aneter. of. the fiber rial .c rising the
fi ber 3% %e c*féatré%doﬁé:ﬁfﬂ tf}f‘ale)te %ﬁ% @%ﬂp?%ﬁ% fibers
havi ng afls M%ﬁéﬂltﬁf&iﬁdﬁ H_Iﬁ§ss e whoker? dAfdoas: Msarsheo bul k
density is high enough to ensure mechanical stability, 10 the resulting void

fractiPon Surhs@n @itemi that e taMerrenre of collected liquid to

the surface of fibers prevents the liquid from draining.

[0008] A measure of the open space in a fiber bed is

void fraction which is defined by the bulk density of the

fiber bed and the average density of the fiber material
15 according to the following formula:

[fiber bed bulk density/

fiber bed void fraction = 1 average fiber material density]

Fiber beds typically have a void fraction of greater than
about 0.89.
fo009] It is generally known that the thickness of a
fiber bed can be decreased without a loss in separation

5 efficiency by decreasing the average fiber diameter of the
fiber material comprising the fiber bed. However, for bulk-
packed and wound fiber beds comprising fibers having an
average diameter of less than about 5 microns, when the
bulk density is high enough to ensure mechanical stability,

10 the resulting void fraction is so low that the bed tends to
flood under typical operating conditions. Also, it has
been found that conventional thin wound beds are inherently
less uniform. A flooded bed is a fiber bed in which
captured liguid largely £ills the void spaces between

15 adjacent fibers in the fiber bed. A flooded fiber bed is



fl ood under typical operating conditions. Also, it has been found that
conventional thin wound beds are inherently less uniform A flooded bed is

a fiber b@gigdswabgsh captured liquid largely fills the yojfHs® bet ween
15 adjacent fibers in the fiber bed. A flooded fiber dM9t Vs %@%%?074383

PCT/ US2006/ 000482 6 much |ike the matted portions of an unstabl e fi ber bed.
The <captured liquid in a flooded fiber bed cannot properly drain and

i nst ead %Xcl?el%iﬁén{:ﬁé' f&dtel %Bft%ﬁéngfgéﬁ ugg&sﬁ%a%ib@% g@ber&g@am face

of the fiber 5 Furt ernDr the pressure drop across a
assenbl y cagtunedehsqdldhen ahélbdpBed ﬁebersbéﬂoodadotlprapﬁméysure
di fferenti . acro

gs thg ly ber bed suffEC|entdto O%ﬁ? the force of
adhesi on 5% Bi 3PBdHB L RROCBRY eCEHBPOPPEPES £F0 h@OVFBgr§a§s enpl oyed,
the col | egtedahi i €neSablAwnrdamf £Q0xt Be daunstipeampbace of the fiber bed
where it is reentrained by the gas streamresulting in |ow separation

ef fi cilenchuBhaermereasticopeeasing doop. aF@Q&G]aIﬁlbﬁﬁebeﬁoaﬁﬁ@mbﬁv a fiber
bed conprj si erage _d e i ber n1f| di_n t he specific
13, PeRakbg AKEhoORe L RIEL Dol DS BaChATLLL 9000 e apec T

fiber 15 sur%ace réa, xpress Flbe

the fiberdbefersnyibe deeveaseHebyibeer padi Bgrfheiehel kodenerioymef the bed
(i.e., increasing the void fraction). However, if_the bulk density of a

bul k- packede oforG@Bufd Pﬁbéﬁlﬁ§daéénﬁﬁﬁépﬁgefFbér§0ﬁéﬁpﬁ&da@r§@éﬁ§@e 20

di anet er n S u % syff hkgigpt to
avoi d fIo%géﬂg?ﬂgug?B%E%e§snbgégpgcE %EQ ESQ %%F%gliagﬁbl l:{'ty negggsary to
W t hsttiandftbe thecdswnexeetmdfbyet bé nhE|ﬁgbgasbeﬁr@h&meAatalmesult t he
novi ng gas strean1ﬁagses the fibers to ShIEt substantially 25 resulting in

the fiber BERCHALPPRG ENGREr FBRaRRERPRgTESULHABTi dBsHPYdEEEPBEI M her ef or e,

in practigericiency and increased operating cost.

[0010] In order to prevent a fiber bed comprising small
average diameter fibexrs from flooding, the specific fiber

15 surface area, expressed as the area of fiber per unit
volume of the fiber bed, may be decreased by decreasing the
bulk density of the bed (i.e., increasing the void
fraction). However, if the bulk density of a bulk-packed or
wound fiber bed comprising fibers having an average

20 diameter less than about 5 microns is reduced to a value
sufficient to avoid flooding, such fiber beds lack the
mechanical stability necessary to withstand the forces
exerted by the moving gas stream. As a result, the moving
gas stream causes the fibers to shift substantially

25 resulting in the fiber bed matting and/or channeling as
previously described. Therefore, in practice,
conventionally constructed high efficiency fiber bed
assemblies comprise fiber beds 2 to 6 inches (6 to 15 cm)
thick constructed of fibers having an average fiber

30 diameter between 5 and 15 microns and having a bulk density

between 5 and 15 1b/ft® (80 and 240 kg/m’)



conventionally constructed high efficiency fiber bed assenblies conprise
fiber beds 2 to 6 inches (6 to 15 cn) thick constructed of fibers having an
aver age fiwero@®d74sanet er between 5 and 15 m crons and hayiy density
between 5 and 15 Ib/ft3 (80 and 240 kg/ n8). WD 2006/ 07433?13%%@5@%‘5%/ 000482
7 [0011] In contrast to fiber beds useq in mst elimnators, some other
types of gas filters, such as baghouse, clean roomand breathing filters,
may succ fl 1y ugdld si fi 1 g i ters 5 below 5

m crons ana rrgy even i(l'flc u%%é‘%g%é’f%%%%&%%%%ﬁ% gllf‘i‘ €ss than 1 mcron.
However , dlhiesimatypss, cdogasotlietteysearet diss | Aigltshed &§uom Akber bed ni st

elimnatqrs, in that,  they are typically designed to utilize pore and
surface f 339%&%%ﬂ1?}F%%I?%%Tiﬁégsgﬁ?%ﬁﬁkFQig L8BS of@Bnly 10 rel atively

smal | a”@dﬁéeéﬁfdl%”!@t_ﬁfi@é%§aséffﬂ§@ﬁst@itﬁ%"v@fé Li guhdepergsol s, they
easily flood at theliquid loading rates typically e%countered in fiber bed
m st Sel ibgkeu & sni@gorenpad i Bay, eveémeindbaden Bibers nhawingsaare desi gned
to allow ¢o ratively large quantiti of liquid 15 entrained in a noving
gas streaér%atmge%pee%e]t‘?% et }iqrﬂié?r%%deﬁ%eexf%rt hel PP QurdPPe 25pfaFfed and
cont i nuousi M ekl nedl. A1 JHERGh D5 Red af B&h Ut 1106k L 9ed @i HE 0BY EEnacsesi ated with
utilizing small dianmeter fibers in fiber beds of fiber bed mst elimnators
i s neit hed® SHEih HRRY AR eBYRHCHYLY e 2taned oo avtitbrecpaed aneh such ot her
gas filt / [ e | L Quj vin gas
strean1a?ﬁﬁﬁnggéﬁé%@%%ﬁ%égcgﬂggéﬁfg?ééﬁétééﬁ?% %%?%gcgyaéggbggné?gyfiber
bed most wdiatiinstly sppllcancanss ofshbgibd | yeidsoper at iongsehatact eri zed by
high liquid 25 | oading rates or high gas streamvelocities._Satisfactory

sol uti on<C 8% st ebl AT ReTel® nch iR £ohbY nFhged phykhe liquid

loading rates typically encountered in fiber bed mist

eliminators. By comparison, fiber bed mist eliminators are
designed to allow comparatively large quantities of liquid

15 entrained in a moving gas stream to penetrate the fiber bed
where the liquid is captured and continuously drained.
Therefore, a solution to the problems associated with
utilizing small diameter fibers in fiber beds of fiber bed
mist eliminators is neither shown nor suggested by the

20 prior art concerned with such other gas filters.
[0012] Reentrainment of collected liguid by the moving
gas stream at the downstream face of a fiber bed is often a
problem in fiber bed mist eliminator applications,
especially in operations characterized by high liquid

25 loading rates or high gas stream velocities. Satisfactory
solutions to this problem have included combining a layer
of primary filtration fibers and a layer of drainage fibers
to form a fiber bed. The drainage layer is downstream of
the primary filtration layer and usually comprises fibers

30 with a larger average diameter than those fibers comprising

the primary filtration layer.



of primary filtration fibers and a |ayer of drainage fibers to forma fiber
bed. The drai nage |ayer is downstreamof the primary filtration |ayer and

usual Iy cidos6aagd bers 30 with a | arger average dlanetﬁé%g$%@ g@g e fibers
conprising the primary filtration |layer. WD 2006/ 074383 ﬂ 000482

8 [0013] Despite their success, fiber hed assenblies of the prior art have
several disadvantages resulting from shortcomngs in the fiber bed. Wund

fiber bedggegfbl i oosplee! YALGR! LU-EALELIEYBLAILES! HAGLANIRD ghi ch 1S

roughly 5 cylrndrrc I n shape. e roving Is moun aroun cyli ndri cal
form ng stheeprand datkhawd Bewehaaldmgadhentagegtheehlthmgsd&eem ThIS
requires s

execut ed 58? %@QS?éQ?ﬁEaggé Eﬁhate Chl é? Eégeﬁa ehggég%% &F ﬁlflcant

difference§e|a¥§ﬁ§a119meeyﬁédthelﬁgr&aﬁebaﬁeﬁoveﬁgt@ﬁle%dlsTE%%@hﬁ%r'atlons
are a result of the inherent difficulty of formng a uniformsdarface on a

cyl i nder @gihgdricayl indehape. roWhﬁgrombnﬁaLSvﬂﬂuaﬂramgumd.ahe rovi ng
mat eri al o] to flatten_t ere t .deqgree ich affects
t he unlfo§ﬁ¥§5d£%c?% for %&PngSrFSPnéaabg S, sPRek" Fens ﬁgnifornity i s
parti cul aLéyg ehsefveﬂel @crwennd friber ré@d&r@ﬁvsﬁﬂliﬁahbeﬁ:ﬂehl cknesses.

[ 0014] Another di sadvant age associ ated w th bul k-packed and wound fiber bed
assenbl i e3PPECPRE2hecHREBlpekEve ENEn 20 hbsewbPAdaof iememiesutiest el i mi nat or

and returgo£pﬁgkégctgﬁen§@gﬁgg egowggnfgggrngng% d QQ%QS repl acenent .

Aside fromt onveni ence o t ranspor Vy support structure,
an |nu@rchﬁggbﬁbbanspéiéfékbaCebednagaenﬁlpwnusér beeavairfaliee afrea t he fi ber
bed m st ellnrnaPor to_be 25 returned to service and avoid extensive down

time. FiePt t Seenehiesf VRAEIACAERSHBYSi & KEfPete@Toyig Amhedetites in

difficulty of forming a uniform surface on a c¢ylinder using
a cylindrical roving. Normal variations in the roving
material cause the roving to flatten to different degrees,

15 which affects the uniformity of the fiber bed formed by the
roving. The non-uniformity is particularly observed in
wound fiber beds having smaller thicknesses.
[0014] Another disadvantage associated with bulk-packed
and wound fiber bed assemblies is the need tc remove the

20 assemblies from the mist eliminator and return them to the
manufacturer when the fiber bed needs replacement. Aside
from the inconvenience of transporting the heavy support
structure, an interchangeable spare fiber bed assembly must
be available for the fiber bed mist eliminator to be

25 returned to service and avoid extensive down time. Field
replacement of the fiber bed is hampered by difficulties in
assembling the fiber bed. Considerable skill and time are
required to properly pack new bulk fiber between opposing
support screens so that inhomogeneities in the fiber bed

" 30 are minimized, while winding fiber onto a cylindrical

support structure requires extensive machinery. Precast or
preformed fiber bed sections have been used by some

manufacturers but these have suffered from leakage at



assenbling the fiber bed. Considerable skill and tinme are required to
properly pack new bul k fiber between opposing support screens so that

i nhonogenewo©nem/o74s88 he fi ber bed 30 are m ninm zed, whil e wndi | her onto
a cylindrical support structure requires extensive nachyﬁ%ﬂg#&%p@@gzt or
prefornmed fiber bed sections have been,used by sone nmanufacturers but these
have suffered from | eakage at WO 2006/674383 PCT/ US2006/ 000482 9 joints or

settling,. I I r] tar. [ L . ' Thi s.reduces
he. proddSiit Pror o Bt SRS Msad S Sned tilalee The
pl ant nusidjhestaferit . dawid reerdes dile tdodRitieitancer aritk oplagt ushments. 5
[0015] A third disadvantage is that_ hecause fibers having an average fi ber

di amet er "SR Fedd i#&r?e&b&ﬁd 55 HRFDREEHIB e RASIY effRktPTefyutn
construclyhg &q it alnd ipeindgthiid o, fddidyaheRE oCESSI NG (€. 9.,

needl e punching), fiber bed thickness I'n applications 10 requiring high
separ at i dP 0] ci edc\thdarmhati deedvasdiagesl. id fthathibewause ghileéfsci ency fi ber
beds wer Qssi bl e in _sever i ndustrial_ process vironnments, fiber beds
coul d be%agrd‘m gt & SRE We%i‘?ﬁp;ﬁﬁﬁgﬁﬁ%e‘%’%‘éﬁ %urfape ar ea
in a gi veiiotdngeandid ad eiddd Sedddeivdsd iH dodse@hdingtor. This woul d
be anal ogous to the dry filter art where thin filter papers and felts all ow
hi gh sur fesswentdondli |fidey dreds Wi thgte addig: Lomi hrimrocesghngf {¢ e¥ency fi ber
beds havi jnCr. f \ber. hed [ e are ul daldow.,.the operating cost
of fiber riro%%ad 1% ﬁq%%ﬂ'rﬁ@dt ofrlgj S0 eeé g%qﬂ%f:rll’egsa%glcfl b%Pa%ie%:? %%?ﬁ% the pressure

dr op 1acr easydiheirg Reilgh betparSEIMEIRE GF didnd NENHEIN H&026dudad oner aspect  of
the present invention, a fiber 25 bed assenbly for a fiber bed m st
el i m nat fhrimer tehge®fifdciency fiber beds were possible in severe

industrial process environments, fiber beds could be
configured into shapes that maximize the fiber bed surface
area in a given volume available for a fiber bed mist

15 eliminator. This would be analogous to the dry filter art
where thin filter papers and felts allow high surface area
filter forms via pleating. Thinner, high efficiency fiber
beds having increased fiber bed surface area would allow
the operating cost of fiber bed mist eliminators to be

20 decreased by decreasing the pressure drop across the fiber

bed.

SUMMARY OF THE INVENTION

[o016] In one aspect of the present invention, a fiber
25 bed assembly for a fiber bed mist eliminator used to remove

. aerosols and/or wetted soluble solids from a moving gas

stream generally comprises a fiber bed support having a

wall defining an upstream space and a downstream space.

The wall includes openings therein to permit the gas stream
30 to move generally freely through the wall from the upstream

space to the downstream space. A fiber bed is supported by

the fiber bed support and generally covers the wall

openings so that the gas stream passes through the fiber



aerosol s and/or wetted soluble solids froma noving gas streamgenerally
conprises a fiber bed support having a wall defining an upstream space and
a downst r apgeRAcEsss The wal | i ncl udes openings therein t ] gas
stream 30 to nove generally freely through the wall fro%cgﬁfg%tﬁgb@g%m
space to the downstream space. A fiber bed is supported by the fiber bed
support and generally covers the wall @penings so that the gas stream passes

t hrough t fiber 2006/.07438 UsS2006/,000482 .10 bed noving fromthe
upstreamb%giaé‘{gq'telonmr%%% rea? %‘pc-‘—’}!l;ée.é acl"zﬁet?itglﬁ FRIE HhBFT s PRECS -
conposi t ertd beibdie had| ¢@gda g ndredi cofibds Pr g ereber | Wed N6SUTEAEIAG Out er

| ayer of needle punched fibers constructed to provide structural integrity

5 to theT9%eér Padp FrnerrtHneintdingiamaadier plaxeedot fRgedseconst ruct ed
to provi ﬁ?ﬂé&nfﬁﬁ%rérﬁéﬁgﬁfdbééﬁtéﬁip{6$§ﬁekﬁ%&uéﬁhf&ie{ﬂgg%ﬁiﬁglayer
t an e punc

sandwi ch et ween e outer I nner- Tayers 1S non-need d. [0017]
| n anét hero ddpeciildr thed praasen i uest | ayerw oflnéede penched| ecting nedi a

strip ca%. e used to forg%f fiber bed of a mst_elimnator used to renove
aerosol s DHIEWT LB LA i ep]’s‘b‘flrci% FrOM Y| HRC/SELIEY rBAnt RS he  fi ber

bed is adamead g gens ald Yo GANElatte Siwtiéﬁ&k@él&'é& bOfwddE fhst

elimnator for generally blocking flow™ e 15 gas streamthrough the
support stuten el eiioegt Yayerdricsghontisedldagrubelted The fi ber bed

collectin ila strip h t he sane neral construction as set forth in
t he prece&@j‘ paréé?a%ﬁ&slf%lﬁpef%tﬁ OtET S R etEVEREF AR/ pResent
I nvenbi ok iker Hbd WPPR & €Lkd BREaRe ARl b e6dh NG NBSER 86T FBrgal be used in

making a fiber bed for a fiber bed m st elimnator used to renove aerosols
and/ or wdtithar dpdipe aorizk $ibmrakeviweed e xenewen aghestiber bed is

adaptEdIéhéyggﬁﬁgéé%éxggiuﬁﬁe solids from a moving gas stream. The

fiber bed is adapted to generally cover a support structure
of the mist eliminator for generally blocking flow of the
15 gas stream through the support structure except for through
the fiber bed. The £fiber bed collecting media strip has
the same general construction as set forth in the preceding
paragraph.
[0018] In yet another aspect of the present invention, a
20 composite fiber bed collecting media strip can be used in
making a fiber bed for a fiber bed mist eliminator used to
remove aercoscls and/or wetted soluble solids from a moving
gas stream. The fiber bed is adapted to generally cover a
support structure of the fiber bed assembly for generally
25 blocking flow of the gas stream through the support
structure except for through the fiber bed. The composite
fiber bed collecting media strip generally comprises an
outer layer of fibers constructed to provide structural
integrity to the composite fiber bed collecting media
30 strip. BAn inner layer of fibers is constructed to provide
structural integrity to the composite fiber bed collecting
media strip. An intermediate layer sandwiched between the

outer and inner layers is more efficient in the removal of



support structure of the fiber bed assenbly for generally 25 blocking flow
of the gas streamthrough the support structure except for through the fiber

bed. The e@yRP&h1s883 fi ber bed collecting nedia strip genpéﬁhgyoog@m@ ses an
outer layer of fibers constructed to provide structural 1 ntegri o the

conposite fiber bed collecting media 3Q,strip. An inner layer of flbers IS
constructed to provide structural integrity to the conposite fiber bed

col lecti ngor8EG1 2. PLBRP n@N ghlll BEIBANALR:LALRE SRAAW chof Betgeen the outer

and i nner ?a ers is nore efficient ITnt r enoval 4383
PCT/ uszoosageﬂaaz Atlleeststhe buaert laadgaanstrr dayetrizamricheEcauieey tand i nner

layers. At _least the o and.i nger..layers are forned to separate into
strips i nE?Bﬁ?‘"ﬁ{j Bﬁt §$rllé’>§e?‘n§gl'}fiﬁ'ﬁﬁ A, GutEpndaYiedy &ecdd@B o#%hd an

i nt er medi ahﬁekayayeﬁegbbeaonSahaoa%] 1hEe§’ﬁlblﬂ.|la%@Otl|&?feIa%%%(Etlonc the present
invention, a fiber bed assenbly for a fib bed mst elimnator used to

renoves ael883P} andLsr siddidednsshels espebtds‘)ff tie @remevnitngnysststomeam

|l fib h |l def
dpace ant o BBRheDrEaRPEBTCRAc 0T TRE CHFF PREI DIGE GRS herath 1o

permt theo gaﬁoeéraa&btsm@o\aﬁdgaaewaht&df ey 1thieuald Fe-omld from the
upstream space to the domnstrean133ace A fiber bed is supported by the

fiber bedmgﬁhﬁﬁrﬂaﬁnétéﬁﬁ@r5ﬁm?réé ¥r SoOMREiskE B SiSsh e EuRPRrt he gas
stream pa hr o t n m acetothe
downst realr%nagzgg é. H%’E% Pllgg&il%gg nggitggéhla% falC% g.l[ %%év%&%é:&% col l ecting

nedlalmtrspam&app@ﬂeawaﬂﬂd1hhéuﬂebebpbﬁdngupmhbmelmntﬁu@hmmhﬂ:&ﬂkﬂs at
| east some of the turns extending _along a_spiral path. The fiber bed

col | ecti ng2fefFaSe Fp POVEs 9&§‘f°?€ﬁéﬂyyfffle§tlyaﬁ@ré’ﬂlglhe§§{e 3Gl FPhe turns
overlap gfbaggBtrbdh"$pace to the downstream space. A fiber bed is

supported by the fiber bed support and generally covers the
wall openings so that the gas stream passes through the
15 fiber bed wmoving from the upstream space to the downstream
space. The fiber bed comprises an elongate fiber bed
collecting media strip wrapped around the fiber bed support
in multiple turns, at least some of the turns extending
along a spiral path. The fiber bed collecting media strip
20 is generally flat and at least some of the turns overlap
adjacent turns.
[o020] In a further aspect of the present invention, a
fiber bed assembly for a fiber bed mist eliminator used to
remove aerosols and/or wetted soluble solids from a moving
25 gas stream generally comprises a fiber bed support having a
wall defining an upstream space and a downstream space.
The wall includes openings therein to permit the gas stream
to move generally freely through the wall from the upstream
space to the downstream space. A fiber bed is supported by
30 the fiber bed support and generally covers the wall
openings so that the gas stream passes through the fiber
bed moving from the upstream space to the downstream space.

The fiber bed comprises an elongate fiber bed collecting



[0020] In a further aspect of the present invention, a fiber bed assenbly
for a fiber bed mst elimnator used to renove aerosols and/or wetted

sol ubl e savodeasforrgegsa novi ng 25 gas stream generally co bed
support having a wall defining an upstream space and a gm&nﬁ;%ta(r)@m&r‘:"@gace

The wal | includes openings therein to Berm't the gas stream to nove
generally freely through the wal | fron’t he upstream space to the downstream
space. e | ted 0 th bed su ort an neral ly
covers the \/\51 Ist%é'r é)nl seo tha urﬁte%asg‘é? }m pass%%o rouﬁh f‘h% ¥i ber

bed novi ngnie @B tt:ih% Lm&trwaénmeatmg he HOWST Ieath SPase- at Theadt ber bed
conprises an elongate fiber bed collecting WO 2006/ 074383 PCT/ US2006/ 000482
12 nedi a S i etdlrett&‘olmtplfhﬁ) farctﬂ@rcq;ttd Sigpor t At inkespediadb® of the

turns extcﬁxaqrgjg%n a%_e%:pl T dlate dra| nag %ac?acé%ret@{_ éhgﬁegﬁgs overl ap

adj acent turns.” An | nterr i's | ocat ween adj acent
t ur ns 5of fike=rS Hacberoldettbiciold avddieg gtadim strip. [0021] In still a further
aspect of the present .invention, a fiber bed oIIectlng nedia strip can be

used in WHidMg a A&t 3 FUEEhehASRRGE AisttRE iPAREERF used to renove
aer osol s QRAURI; et taech%aﬂbs@d S 1 fse f e dih OV 825 ﬁér\gﬁ%jhe fiber

bed is adapted to generally cover a support structure of the bed m st
el i m nat om wadinge werfillder H¢€Ui:kf¢ug ai Iﬁwbelf hdtk nyest se¢ T emimaboougbed he
support ructure exce

t for_t the fiher | ber_bed
col I ecting mettd St Sgﬁa‘]nser%#/r trtr%%sscg‘rt’ki%be e?%hjg‘g‘?egg?rpi% forned of
fibery capably fad eyaRdnw. aﬂE@S@iﬁeE sen the Jmmbieaa ges §&heaa 1 he strip
is sized for covering the support structure by wapping around t support

st ruct ur €QVEIM# tSYRROWY 34 2Pl wee teF righe Thidex rbgd mbst o‘pbb@in@togener ally
flat facegdr ag}exte%:%%?l}p ']o':"‘.toc];kfllff flow of the gas stream through the

support structure except for through the fiber bed. The
fiber bed collecting media stiip generally comprises an

15 elongate strip formed of fibers capable of removing
aerosols from the moving gas stream. The strip is sized
for covering the support structure by wrapping around the
support structure in multiple overlapping turns. The strip
has opposite, generally flat faces, at least one of the

20 faces having an alignment marking thereon positioned for
aligning the overlap of an adjacent turn of the strip.
(0022] In another aspect of the present invention, a
fiber bed used for a fiber bed mist eliminator used to
remove aerosolg and/or wetted soluble solids from a moving

25 gas stream is adapted to generally'cover a support
structure of the mist eliminator for generally blocking
flow of the gas stream through the support structure except
for through the fiber bed. The fiber bed has a compressed
thickness of about 0. 6 inches (1.5 cm). The fiber bed

30 also has a collecting media strip constructed to remove at
least about 99.09% of aerosol particles having a size of
0.3 microns from a gas stream having a loading of 2.7 "I/g’

(95 "/} of a polyalpha-clefin oil and moving at a velocity



20 faces having an alignnment marking thereon positioned for aligning the
overlap of an adjacent turn of the strip. [0022] In another aspect of the
present i mwepnetcomssa fiber bed used for a fiber bed ”isﬁc%éfﬂﬁﬂﬁ&ﬂ ,used to
renove aerosols and/or wetted soluble solids froma noving g gas streamis
adapted to generally cover a support sgfructure of the mist elimnator for
generally blocking flow of the gas streamthrough the support structure

except feof t [ 1+dh [ h 2 sse t hi ckness
of agout 0. %@?ﬁgﬁgg %%?% ﬁfﬁ_ﬁgﬁgtgiﬁé%-ﬁgﬁe§§93|E%rﬁg§9§9%§r|egpﬁng medi a

strip corfesruee dpop envwesattheefsbenbbed 99. D88softharr oxokgpailt ol es

havi ng a .3 mcro froma stream having a | oading of 2.7
ng/t3 (9%6%5%1 bJII‘) %1“‘%% %a‘f’%h"g@ FEf i‘%{iiﬂ ]t(g‘—ﬁg nmoving at a velocity WO
2006/ 0743pB0 PLT/ US2006{10004823 £3r0h abput 58afmestPeLifinuter(48el Neters
per mnute). The pressure drog(across the fiber bed is |l ess than or equal

to abouttq1rameye Reresolwmtapd/r7eekbag. spbabde aclider fisen for a fi ber
bed m st ! 5s / tted | ubl lid
o6 1 ShUTATES goedhe SR, 05T gREL 51y Bsypet Lo gl o

froma novin streamis a géneral Ty’ cover—a

of the nistrettwreatdreiormenesdihynitoekiss géhevadliyt beogasngt r eam

t hr ough égﬁ sg&gort structure except for_ through the fiber bed. The fi ber
BHp

bed has s 93° tRFERFRSSREPUgh obRe OSUBPPREhESTREESTENPXERAthas a
col | ecti ngo#Toehongth | P OfibEHObEY. | OTREBY Al nL 82k 5 A0OUbmo 2830 of

aerosol particles having a size o m crons roma gas stream having a
| oadi g ofhilcienegg fol {isdutnyd, 33 Dhchaspélyal php- ahéf hasoal and noving at a

velocity of.about 15 23.4 feef per mnute (7,1 nmeters per_mnute). The
pressure SAHOTC WD FFHEP %%Hg}gu?5§é ?ﬂaﬁe%?vﬁqgﬁll?asﬁba puty 4

inches ofggedes &P . HOr&d) -particles having a size of 0.3 microns

from a gas stream having a loading of 1.8 "9/&° (64 ™/.) of
a polyalpha-olefin oil and moving at a velocity of about

15 23.4 feet per minute (7.1 meters per minute). The pressure
drop across the fiber bed is less than or equal to about
2.4 inches of water (0.60 kPa).
[0024] A fiber bed assembly for a fiber bed mist
eliminator used to remove aerosols and/or wetted soluble

20 solids from a moving gas stream generally comprises a fiber
bed support having a wall defining an upstream space and a
downstream space. The wall includes openings therein to
permit the gas stream to move generally freely through the
wall from the upstream space to the downstream space. &2

25 fiber bed is supported by the fiber bed support and
generally covers the wall openings so that the gas stream-
passes through the fiber bed moving from the upstream space
to the downstream space. The fiber bed comprises a |
composite fiber bed collecting media strip including a

30 first layer of needle punched fibers constructed to provide
structural integrity to the fiber bed. A collection layer

supported by the first layer is non-needle punched.



[0024] A fiber bed assenbly for a fiber bed mist elimnator used to renove
aerosols and/or wetted soluble 20 solids froma noving gas stream generally
conpri ses wo biok@rszghed support having a wall defining an HP&&&ﬁaﬂyﬁgﬁce and
a downstream space. The wall includes openings therein Fo perm e gas
streamto nove generally freely througlq the wall fromthe upstream space to
t he downstream space. A 25 fiber bed i's supported by the fiber bed support

and gen cov t he,wal | { so that_the gas stream passes

t hr ough i@lzl‘sﬁber gfet}er%vcfbr?geq‘tr%%%erﬁsﬁjap%%ﬁ%sarﬁ%pgl}ee T?°tRe downstream
space. Theédrheiforbadh 100y |56 paartc emnstdier fakerihesh €0l porcht &g ovedi a strip
including a 30 first |layer of needl e punched fibers constructed to provide
struct ur ACHSHEFERY- to the fiber bed. A collection |ayer supported by the
first layer is non-needle punched. WO 2006/ 074383 PCT/ US2006/ 000482 14

[ 0025] Ot her objects and features of the present invention will be in part
appar ént BRIEE WEHIRIBUION eaF GHE DRAWINGS ter. 5 BRI EF DESCRI PTI ON OF THE

DRAW NGS [ O ] FI i.s a perspective of amst, elinmfpator with, a portion
of a tankl[oto%ﬁeof %%%‘er?' aviay? tHﬂépW%l‘f?b%# H Sk PALPT  KEEH st

el i m nat ¢f LARSIdHICeh achiF HM-dr Bk i fedPl €S Shokhe PIBSENbeq
invention; 10 [0027] FIG 2 is an enlarged perspective of the fiber bed

assenbl y;agGoug]y RNG I8 il sth ehlmiepitor feonpemniersd v@redrdingseeti on of the

fi ber bed.assembly. of Fi .. [.0029] FIG 4 is an enlarged perspective of

the fi be?thﬁg’%ébgjﬁojsee%b% éﬁ h-m%\EFF%Uf ejrmé"_?tl?té]e‘?ﬁ emoved to show a fiber bed

of the fijpyahed assembly;id WBUnFlfgedhdtsPest Dss SECEhONEObea fiber bed
bed assembly;

[0028] FIG. 3 is an enlarged, fragmentary vertical
section of the fiber bed assembly of Fig. 2;
[(00629] FIG. 4 is an enlarged perspective of the fiber
15 bed assembly with an outer screen removed to show a fiber
bed of the fiber bed assembly;
[o030] FIG. 5A 1s a cross section of a fiber bed
collecting media strip used to form the fiber bed;
[0031] FIG. 5B is a cross section of a modified fiber
20 bed collecting media strip;
[0032] FIG. 5C is a perspective of a pleated fiber bed
collecting media strip;
[0033] FIG. 6A 1g a fragmentary elevation of a flat side
of the fiber bed collecting media strip;
25 [0034] FIG. 6B is a fragmentary elevation of a tapered
end of the fiber bed collecting media strip;
[0035] FIG. 7 is an enlarged, fragmentary vertical
section of a fiber bed assembly similar to Fig. 3 but
showing a first modified fiber bed for use with a reverse
30 flow mist eliminator;
[0036] FIG. 8 is an enlarged, fragmentary vertical
section of a fiber bed assembly similar to Fig. 3 but

showing a second modified fiber bed;



collecting nedia strip used to formthe fiber bed; [0031] FIG 5B is a cross
section of a nodified fiber 20 bed collecting nedia strip; [0032] FIG 5C
is a perspeainsmrasbs a pl eated fiber bed collecting medi gcglgshid 3] FIG
6A is a fragnentary elevation of a flat side of the fiber beS g'g{“ﬁg%ting
media strip; 25 [0034] FIG 6B is a frggmentary el evation of a tapered end
of the fiber bed collecting nedia strip; [0035] FIG 7 is an enlarged,

fragnent arapavarti cabrg septi ompferdt Jidey, b&daﬁégg%% éémig%lto Fig. 3 but

showing a first nodified fiber bed for use w erse flow m st
el i m nat gectiGOBRIE A Eilg:1 shexh andenjad simibprettaryigerdiloat section of a

fiber bed,assenpl i;mlar to Fig. but howi ng a second nodified fiber
bed; WO fd’&é’ﬂé‘%é’%ffﬁd# L‘Ié?ﬁfofél%%of _ rf%e‘?'oos?l FIG 9 is an enlarged,
fragment argo3edrti catig secd i D o ehldhnid befr ¥y S¥&taEato Fig. 3 but

showing a third nodified fiber_bed; [00387 FI 10 is an enl arged,

f ragmént & hign dhla Gikekthesh afsembinativekpnastenBly. s3I dltar to Fig. 3
but show . ur ifi f ] . ; 039] FIG 11 is an enlarged,

f ragnment \égrk{);gvvlgl %caﬁghé%gtrﬁﬁ%cﬁldfo]fé%eﬁ%g‘? %éecg assenbly simlar to Fig. 3 but
showi ng alga¥aih nodifa edit i derabeash] dfhdD 04 adhéntdPy i sept pesibpective of a
roll of the fiber bed collecting nedia strip; [0041] FIG 13 is a

f r agnent &8F IS 5 3 VELRAT P9I 3SHIbLY HewtlaF FRIYIBE & FPBer bed nedia

j oi ned t QgRhiiRlg a{qg,ﬁgdh Rhai 2449 | Sided all g, showi ng performance results 15
of a conventional fiber bed;
10 [0040] FIG. 12 is a perspective of a roll of the fiber
bed collecting media strip;
[0041] FIG. 13 is a fragmentary perspective of a roll of
a sheet of multiple fiber bed media joined together;
[0042] FIG. 14A is a table showing performance results
15 of a conventional fiber bed;
[0043] FIG. 14B is a table showing performance of a
fiber bed of the present invention; and
[0044] FIG 15 is a table showing perforxrmance of fiber
beds of the present inventiom.
20 [0045] Corresponding reference characters indicate

corresponding parts throughout the several views of the

drawings.



[0043] FIG 14B is a table show ng performance of a fiber bed of the
present invention; and [0044] FIG 15 is a table show ng performance of fiber

beds of thwopowaemdssi nvention. 20 [ 0045] Corresponding ref e characters
i ndicate corresponding parts throughout the several vi emlfﬁﬁ%é‘m&‘&?aw ngs.
WO 2006/ 074383 PCT/ US2006/ 000482 16 DETAI LED DESCRI PTI ON [ 0046] Referring
now to the draw-ngs and in particular 16t o Fi g. 1, a mst elimnator

(i ndicategd; al%'c%[f? ' of the type that can be placed in the flow
| i ne of 23% ? I[Cg\?r enove aerosols and/or wetted sol uble solids
from theggaeaam ofReGRrsrithe HBwice!tiHd raﬁtaq\riﬂ% Qnd hﬁﬁ?@@ti&@iar has

avi

particular application for use in gas streans ng a I qui d aer osol
content (f&spFad-alll.y avidrsd teHlerelnator | gaidicai@abgpneeailylas havifg a

subm cro [ be.r .o h qﬁﬁ r . The mist_elimnator 1
I ncl udes%afsttgla ty%&e%&aﬁé;aq?n%elocgajtae%g%tl%) a\% ln‘%'?gl lr%?ro%ab%es T
seal i gl yviatgaac ed demdwe derdsd s draboriivaiesd tapl vblé heolidakirdn annul ar

mounting plate 7 within the tank 3 divides the tank into an upper chanber 9
and a | oidle BFTERINiRdr IBE - THEQdelsh reldmimiE Pass® febnidctyRfetidhanber

11 to th a%;?.lgﬁl ugh. ter I ul ar
nmount i ngqlpﬁlé;{i%rrfq' e%{ a (Tyéh%:%rges aqbsgegrhgtg%gn%%?aérﬁé 1%5'?%?&p%cei ving a
stream ofligasid asemeshWiddnterer obsdpsmich oy wdided tsodod| #rsoligisidnt o t he

| ower chanber 20 11 of _the tank, and filtered, clean gas streamoutlet 17
nfluid | BATT NG ARG TR B79) (hR e KSTPYeRer i 1

filteped ridnaheddfad &aSin OUlTE bt B Similt o8 "Bt Phcludls 8 exhgust or
ot her processing €qui prent (not shown).

(generally indicated at 3) having a removable 1lid 5

sealingly attached to the tank to close an open top of the

tank. An annular mounting plate 7 within the tank 3

divides the tank into an upper chamber 9 and a lower

15 chamber 11. The gas stream may pass from the lower chamber
11 to the upper chamber 9 only through a center hole 13 of
the annular mounting plate 7. The tank 3 includes a gas
stream inlet 15 for receiving a stream of gas ladened with
aerosol and/or wetted soluble solids into the lower chamber

200 11 of the tank, and a filtered, clean gas stream outlet 17
in fluid communication with the upper chamber 9 in the tank
to permit filtered, clean gas to pass out of the mist
eliminator 1 to an exhaust or other processing equipment
(not shown) .

25 [0047] A fiber bed assembly, indicated generally at 19,
is located in the lower chamber 11 of the tank 3 and has a
generally tubular shape with a ¢losed bottom and an open
top. The filter bed assembly 192 is sealingly mounted on
the mounting plate 7 so that an open top of the filter bed

30 assembly is in registration with the center hole 13 of the
mounting plate. Gas cannot flow from the lower chamber 11
to the upper chamber 9 unless it passes through the fiber
bed assembly 19. The mounting plate 7 supports the filter



25 [0047] A fiber bed assenbly, indicated generally at 19, is located in
the | ower chanber 11 of the tank 3 and has a generally tubular shape with a

cl osed botwommndszsn open top. The filter bed assenbly
nounted on the nmounting plate 7 so that an open top of %ﬁglgﬁﬁﬁﬁb&%gd 30

assenbly is in registration with the c§pter hole 13 of the nounting plate.
Gas cannot flow fromthe | ower chanber to the upper chanmber 9 unless it

Piter vBobout %@%hﬁ%‘cﬁﬁéﬁb&ﬁ%ﬁbﬁ@%ﬁ% P BECEhE SR8 FRfn The tank
3 so trwuasémmblythﬁngxxﬂowmsﬁmﬁmytHQHQSuﬂDMMgfplm&éhe TheNEiBgrpbatie. The

fi ber bed ‘®§EE:¥ r enoves ;g hi gh percentage_of the aerosol and/or
wet t ed sdt¥mt ?ﬂ???%nﬁt?ﬁ?@ lgPr%%ﬁ?eQ%ﬁ%% ?5 thar@aexedoto t he bott om

of the taigfor Avdl@dd %H?o]?é H68{ast x{?oﬁﬂé’gﬂl]é’é Loee ﬁ‘}”kwﬁlgfxahgs of f

i qui ds and/or wetted soluble and dISSO ved sofi1ds that are collected in
t he ﬁottiwnxnedrﬁptthﬁ:bq@@wﬁ]OﬂhEhalt&mkrhtedAnﬂsalnlpmpaaﬂmrnéanf Fig. 1

Lo have S VEVRISET [ THSLCURE nf rGr 558 (OFE LIBMIS SHE/eBreeEhed on of &

fiber bedsgfutie fyaisssolveay @bﬁd@ltﬁwaépé #bllebecdesarthed further in
relation to Fig. 7, but generally speaking the flow of the gas 15 streamis

opp05|te3QQR¥¢Wcﬂ¢|¢h%iﬁ%# rd flow mist elimnator as shown in Fig. 1.

Thus, the[ ]sa;eca)#ﬂ%/\ﬁ;hl_ﬂnlssfpéﬁ thrgyggjlmﬂ?:tas {)e?ﬁegey gnat ed_t he gas

stream ou m nat or g$ V\DE]Fd pass

i nt o ihe f@ﬂﬂﬁrd)eﬂilmmbllyaﬂ@lﬁ@r@ﬂgheﬁ hﬁl@’@néBimb@é@oﬁo 13tofist he nmounti ng
plate 7 and open top of the fiber bed _assenbly. The gas would then pass
radi al | y DtINAFRAE Ghritigh 3 heeYehee hhaw Msehbelindhakgrodhothr ough t he

gas shown). The construction of a fiber bed of the reverse

flow mist eliminator will be described further in relation
to Fig. 7, but generally speaking the flow of the gas

15 stream is opposite the flow in a forward flow mist
eliminator as shown in Fig. 1. Thus, the gas stream would
enter through what has been designated the gas stream
outlet 17 of the mist eliminator 1 of Fig.l. The gas would
pass into the fiber bed assembly 19 through the center hole

20 13 of the mounting plate 7 and open top of the fiber bed
assembly. The gas would then pass radially outwardly
through the fiber bed assembly 19 and out through the gas
gtream inlet 15. Liquid and wetted or dissolved soluble
solids captured by the fiber bed assembly 1% would be

25 drained from the outside of the assembly into the bottom of
the tank 3 in a reverse flow mist eliminator and removed by
something like the tank drain pipe 21. It will be
understood that the present invention applies to both
forward and reverse flow mist eliminators.

30 [0049] Referring now alsco to Figs. 2-4, fibexr bed
assembly 19 of the forward flow mist eliminator 1 includes
a drain leg 25 that is spaced above the bottom of the tank

3. The drain leg 25 comprises a drain tube 25A, a circular



streaminlet 15. Liquid and wetted or dissolved soluble solids captured by
the fiber bed assenbly 19 would be 25 drained fromthe outside of the

assenbl y iwbQodshesdgettom of the tank 3 in a reverse flo ' el i m nat or
and renoved by something like the tank drain pipe 21. &@ﬂlﬁm%gomsz

understood that the present invention applies to both forward and reverse
flow mi st eliFmi-nators. 30 [0049] Refer¥ing now also to Figs. 2-4, fiber bed
assenbly'iz of the forward flow mst elimnator 1 includes a drain |leg 25

that is &9 378 bR FEIFRE] e SXterHEng PR 251 onpri ses a
drain tUl?ﬁca%.%,tlﬁ)éidr@'cﬁi’en\&ggzwltggéﬁfﬂ/@ww O%%?adséé%@Ot tomplate
rain tube an

25B, and a passage 25C extendi'ng through the openi ng at the
bot t om pl2&Ce opEes padsaddie 5@k Ferfor nmmirang ankl =dtord dibiwmiag col | ect ed

liquids _a art.icles renpve romthe gas streamby the fjber bed 5

assenbl yaf’@gf%?éulcﬁtﬁﬁ d S t{reod“ o‘}hedi%s%I%%Il?.%I?e s%’r}?%l’é lé?ﬁ?l ected in
the bett ersemdiRe 1tank Taaearlqc,fiﬁ@ Rl wdiuhbdrdl S PiRey Zo1 v d nner screen
and an outer screen (generally indicated at 27 and 29, respectively) extend

up fromsHddsoradmesitade rpheo hatdom e itHe planie I arsl drained

concentri |y ar ed .. n radially spaced rel atign Col |l ectivel t he

I nner an %%{?tuérh grzrfaqulngnzpf %9 C(gjﬁ}slt:'r Tite SH Wt Iarﬂn éfrhemfﬁlﬂs??ﬁ%/%la

embodi nenlgdrikataldgpalmaiiesmta dter iid (FowWnaddRardivBee Sdcahdhip the

i nner screen 27 froman exterior (upstrean) space 33 within the tank 3 but
15 out si d&@h&henhattm admter 258 @ | theyaqpeng gk thal avfea%@l | may be

consi U et ddh el MPKSidba Y LGN 0 B IOgleRELESD of no screen)

wi t hout parting 0 i nventi1on. The inner and
outer saddrstifellds ate dinrsergensl abletesdraanstIUct2Decwsthaht@0 t hey
each define relatively |arge openjings that woul d
a wall in the illustrated embodiment that separates an
interior (downstream) space 31 within the inner screen 27
from an exterior (upstream) space 33 within the tank 3 but
15 outside the inner screen 27. It will be understood that
the wall may be constructed in other ways (e.g, having only
a single screen or no screen) without departing from the
scope of the present invention. The inner and outer
screens 27, 29 are of a generally mesh construction so that
20 they each define relatively large openings that would
permit the gas stream to move generally freely though the
inner and outer screens between the interior space 31 and
the exterior space 33. The screens 27, 29 are connected to
an annular flange 34 which is disposed on the top side of
25 the annular mounting plate 7. The annular flange 34 is
attached to the mounting plate 7 and supports the screens
27, 29 and drain leg 25. In the illustrated embodiment,
the inner screen 27, outer screen 29 and annular flange 34
comprise a fiber bed support. It is to be understood that
30 other constructions for supporting a fiber bed may be used
without departing from the scope of the present invention.
[0050] A fiber bed (generally indicated at 35) of the
fiber bed assembly 19 is located in the radial space



permt the gas streamto nove generally freely though the inner and outer
screens between the interior space 31 and the exterior space 33. The

screens 27Mwo28ocarressgonnected to an annul ar flange 34 Wh'@lﬁ%% (%i E%ged on
the top side of 25 the annular nounting plate 7. The annul u§p H@“ 4 is
attached to the nmounting plate 7 and sprorts the screens 27, 29 and drain
leg 25. In the illustrated enbodi nent,”” the inner screen 27, outer screen 29

and annul t&é&pgﬁé%}_%ﬁ&gp&%%reou éli:b%rgggss?l?ggéébﬁllaé is to be understood

that 30 other co r uctions supporting a may be used w thout

depar t i ngsubismarithiea BL@ pei Di s t tike pspseatandveste 8. thé 0858hiAghki bar bed
(generally indicated at 35) of the fiber bed assenbly 19 is |ocated in the
radial s SN SRT0%/ 97 45830 PR 1932006 D 4BYSt 10apet Wesaughethfiner and

outer scregns: Heq 4% aRdve SPPﬁrg fﬂ]ti%]aé:ktl/ef‘iéf S%*nﬁ% g?ilggu?P«?HﬁBYﬁ s the

openings In the screens so t e gas stre ass rough the fiber
bed t ¢ noue fidmet Heedxdesenblypocet B8 twteviwmdi agadet B FibrinbeHeassenbl y

to the interior, space 3 ithin the fjpber bed assenbly (see Fig. 1). The
fiber beogéﬁe’f &ecge?'r%?%rljﬂf’#’t (B%F 19 n ShapetBndt ReF aPFdeby i8aled at
0pposi t e quids 401§ heusRuRE| 1Y Phate Jn@ndi%épaw@e@gt semeg! ate 258 of the

drain leg 25 in a way known to those of or di nar In the art so that

gas does GRROBtsINdRetof thermpent ing fpbakeg? f and thetkst botbomspace 33 in
t he tank 0 i pterior _space 3 An el ongat e ener a flat fiber bed
coIIectiﬁﬁéﬂ%%fgggt?gpfh%eéﬁ?g?l§e$ﬁ%ﬁcﬁTe% WY &m0 stESE%XFS Pbrm part of
the fioherompichadby #eibesinserd dbtisoRtigat dgas h@odsbebrbpgpask! egki ng medi a

strip 37 (or "pocket 'strip filter") is wound in a spiral around the inner
screen 27-ibae kefdisinfflpwling bEromekhe orxeerioy spadra33t tnptBe tapkr in

wi dt h Sub§t€5“ﬂﬁglﬁhé@%fopoéﬁécepgl. An elongate, generally flat

fiber bed collecting media strip, generally indicated at
37, is used to form part of the fiber bed 35. As best seen
15 1in Fig. 4, the fiber bed collecting media strip 37 (or
"pocket strip filter") is wound in a spiral around the
inner screen 27. The ends of the Eiber bed collecting
media strip 37 taper in width substantially to a point. An
edge 38 of the taper (see Fig. 6B) is positioned to extend
20 circumferentially at one end of the inner screen 27 and
thereby sets the angle of the spiral. The wrapping is
carried out so that adjacent turns 39 of the fiber bed
collecting media strip 37 overlap each other. Additional
pieces 36 of the fiber bed collecting media strip 37 may be
25 applied at the ends of the fiber bed 35 or elsewhere as
needed to form a continuous fiber bed surface completely
covering the inner screen 27. For example, the additional
pieces 36 of the fiber bed collecting media strip can be
wrapped in a circle (rather than a spiral) next to the ends
30 of the inner and outer screens 27, 29 to fully cover the
ends. Glass roving (not shown) may also be used at the
ends of the fiber bed 35 to assure sufficient gas sealing.

It will be understood that a fiber bed may be formed other



edge 38 of the taper (see Fig. 6B) is positioned to extend 20
circunferentially at one end of the inner screen 27 and thereby sets the

angl e of twe 2e@iorgdss The wrapping is carried out so tha ﬁ.ﬂ(} rns 39
of the fiber bed collecting media strip 37 overlap each%bt é?&ﬁﬂg%%yional

pi eces 36 of the fiber bed collecting dia strip 37 may be 25 applied at
the ends of thefiber bed 35 or el sewh€re as needed to form a conti nuous

fi ber be f.ace c | et el covering the inner screen 27. For exanple, the
additiongﬂiﬂ%iéﬁéﬁ %ﬁit%%a?iﬁégﬁb%dt%%l?%%??n%§néﬁﬁap§?ﬁﬁﬁ can be
wrapped iinveriiel e (P&t hexahpas, aaspibéed ) ba@xtotddt Be eBefedObof at he inner

and outer screens 27, 29 to fully cover the ends. G ass roving (not shown)
may al so BeLiREH AL tHebe cplisthe £Heeribrd ¢Rblactingassdia st¥iPcient gas

sealing. ds\ 1 d od_t LL.ber_ pe f er WO
2006/ 074 %‘;B)@r,{,ﬁg%‘%’-‘?oﬁé%g 99-?ﬁé-ﬁl§{)él?ﬁa%9b§h§agﬁﬁgﬁl gvhwgggugmg?hi n the
scope sof gdweqiesEnt 29nvention. For exanple, a fiber bed could be fornmed by

a cylindgjical, tube of the fiber bed collecting nedia strip having a width
equal to EQ&F%kightAcﬁr%h%aﬁﬁn%?yﬁﬁd4%u%%?at%@g@?%@ﬁ§n2?Pezy¥aPB@§11 A

drai nage #fayer &d'@&f‘i@ét?ﬁé%@&i%g@%ﬂ PPedandi PRE BAHe Ehng,medi a

okkeg
strip 37 and the inner screen 27 | ) receives |IQUIg gng wetted or
di ssol ved(Btj ublle rectivesf ibguidbandbedtced| ert dhgsobdied solipleand

transports 10.themto.the bottom the fiber,bed 35 for drainin ut
hrough paLb Bau et ae s R e RREbast fre PERAT BhE TR fRAgtEagsBoTEE
drai nage t@aeredliOVssstbiCoentheer exeLrbO 35UEbac8rafiniig bper screen
27. Any suitable material that drains freely while also permitting gas to

pass t hr olgfreugh IR eRgdIde2BSedinf drainetdbai #2feintgekhgltank BhéFiiBl ustrated
enbodineniy.drfggqggaigggé f&yg?y496cé$§§st@ﬁedéﬁkg%geexterior

surface of the inner screen 27. Any suitable material that

drains freely while also permitting gas to pass through it

15 may be used for the drainage layer 41. In the illustrated
embodiment, drainage layer 41 may be like the drainage
layers disclosed is co-assigned U.S. Patent Nos. 4,086,070
and 4,249,918, the disclosures of which are incorporated
herein by reference.

20 [0052] The outer screen 29 is applied over the wrapped
fiber bed collecting media strip 37 on the inner screen 27,
and compresses the wrap to seal the joints between
adjacent, overlapping turns 39 of the fiber bed collecting
media strip, as shown in Fig. 3. Each of the inner and

25 outer screens 27, 29 are formed by an array of vertical
wires (45 and 49, respectively) and horizontal wires (47
and 51, respectively) that are joined together where they
overlap each other. The horizontal wires 47 of the inner
screen 27 are located on the exteriors of the vertical

30 wires 45 of the inner screen. The horizontal wires 51 of
the outer screen 29 are located on the interiors of the
vertical wires 49 of the outer screen. The locations of

the horizontal wires of the inner screen 27 and outer



| ayers disclosed is co-assigned U S. Patent Nos. 4,086,070 and 4,249, 918,
the di scl osures of which are incorporated herein by reference. 20 [0052]
The out er wonremw72831 s applied over the wapped fiber b ' medi a
strip 37 on the inner screen 27, and conpresses the Wa%@{f@l@g%@ﬁ)ﬁ@ﬁg joints
bet ween adj acent, overl appi ng turns 3§1Of the fiber bed collecting nedia

strip, as shown in Fig. 3. Each of thé€'inner and 25 outer screens 27, 29 are

formed b reay_of v I i e 5 and , Jrespectiyel and
hori zont §IC§\%|E§e§§( 37° ac%(%i)tfg%ﬂrree %cfﬁh\(?gi’y)a%t t%l[% éf’giﬁoroi%% ?%%Ee]f her where
they overdiraengasteobieangtite iprieoHidle MRS abbeafbliheld Nnge Sscreen 27

are |located on the exteriors of the vertical 30 wires 45 of the inner
screen. TREIRSRtAInMAFSR Ads of1 e imerdicaiesd Addh VErak@lbtat ed on the

interior%f%f tth% ertical i 9 of 0 EIREr, T. ati ons of
t he hori zontsael wrﬁ\éls to t Oﬂﬂoﬁgcraﬁsﬁgéé%% a%tnfz tout er ir/% 2%%%%%%‘4383
PCT/ US200%e0 048 2on2h s eriews 2% arsd admdfrefitred &0 ridiatfoms piwch nner and

outer screens e arranged, in the fiber_ bed ,assenhly 19, the_, hori t al
Nires 47 PR TERe o FoR o Cie e AFer 4 I LA GTRaEY (B T ST ont al
wires 51yl ke odiRr a%%ﬂa%%ti%gﬂk?rf&?{dé@ﬁtabm&%ﬁ Hrizdntderefore do not

form pinch points that could decrease the functionality of the fiber bed
35. The alitresnd(7,nglaficasgendite ofihdre best i3fonindio anisemewl¥at 51 forces the

fiber bed i_nt.o _a sonewhat . .undul,at.i ng.configuratign that acts.to grip the
fiber bed™HHiad o CE I A& (La’ql'ifiq c?sir}tq Thd %rfzﬁ%ﬁaﬁ?%@ aga: IEl)St
nmovenent oid Adid Afe ke JdhifeBedin RdBINS oh isnd dawwi dw@wldatlpstrate the

fiber bed 35 in its actual condition between the inner and outer screens
27, 29. Heeinsk sovemesdn pgiakhiprals dde thiday fad bedFB8H1Ega? 5% t he

drawn to illustrate the fiber bed 35 in its actual
condition between the inner and outer gcreens 27, 29. The
outer screen 29 compresses the fiber bed 35 against the

15 dinner screen 27 to stabilize the fiber bed and seal between
adjacent turns 39 of the fiber bed collecting media strip
37. Other similar views (Figs. 7-11) illustrate the fiber
bed schematically (as it might appear prior to compression
by the outer screen 29).

20 [0053] The fiber bed collecting media strip 37
preferably has a composite structure including an innex
layer 57, and outer layer 59 and an intermediate layer 61
sandwiched between the inner and outer layers (Fig. B5A).
The inner and outer layers 57, 59 are formed of a fibrous

25 material which exhibits good strength characteristics, but
may be less efficient in removing aerosols and/or wetted
gsoluble sclids from the gas stream. The intermediate layer
61 is also formed of a fibrous material that is highly
efficient in removing aerosols and/or wetted soluble solids

30 from the gas stream, but has lesser strength than the inner
and outer layers 57, 59. For example, the inner and outer
layers can be needle punched, while the intermediate layer

61 is not needle punched. Thus, the intermediate layer 61



15 inner screen 27 to stabilize the fiber bed and seal between adjacent
turns 39 of the fiber bed collecting nedia strip 37. Oher simlar views

(Figs. 7-Mpnddarsissate the fiber bed schematically (as j ) ear
prior to conpression by the outer screen 29). 20 [0053)P¥hgﬂ?ﬂgﬁp&§gd

collecting nmedia strip 37 preferably Eas a conposite structure including an
I nner | ayer*57; and outer |ayer 59 afd an internedi at e | ayer 61 sandw ched

bet ween the_i nner _.and out.er | ayvers, (Fig., 5A) . _ The_inner_ and ter |layers
57 "0 APe FORRS Brva trFbrole iy e, (SHeH.Ae. fosk e AR r engt h
char act epkstiles pubehinddy that! esnlel Provade an MRAPYatth FRIOINS i/ or

wetted soluble solids fromthe gas stream The internediate |layer 61 is

al so for REFeaM &°f PhPags fFircedilenshdn ithenilgmey - effficiiamer mdnovi ng
aerOSO|SO?%g&oﬁﬁg%&%e%7§0%§b%%n$%é(Mééghﬁéggbégiﬁgﬁbfgrfa oyt has | esser

strength an ft rnner ° and out er layers exanpl e, the inner and
outers | agpeeriadn bechced aqoMmathedd Widd d Renohiee) medivadween aylatss 61 i s not
needl e punched. Thus, the_.internediate | ayer 61 WD 20061074383

PCT/ uszo%éPGéoH@i avallable, ing thylse coundhy Frofo aiis My ¥sifen as may be

caused byoyl %%@Jtﬁo?lu%cfhm@véﬂabﬁ%ﬂa@oqr O\it8f,A nfdltQW-RAL 44 the gas

streamto bypass the fibers in the layer. The inner and outer |ayers 57, 59
can be nmpdesdblany ssuiht ald EGOMHTOUS® swtier iminfuctedgIECAVATIIZN0 needl e

punched nonwoven .qglass _fiber. mat avail.ahl e in, thi try. from Johns
Venvi | | 5T BOPATAGH Soft 08h VArRECH A e O (e B & Dossi bl e,
such@s ELEMALih3dyS &hal il TEIciRt HRS WP Hor MinforaY admid @ from Johns
Manvill e. The ECOVAT 180 mats 10 are thinner than the ECOVAT 300 mats for a

nore confader befeBShed % iTHermadiatal imktenimlerdast kaan for for  exanpl e,
JM BO15 %lx%%nsplfei ,b%li\'l rﬁ%tlS %}ll%%sav :Liblearblm%tf ,r Cétn.l..'s‘]ooha.r{rsz-a.:i.1a]ole from Johns

Manville Corporation. The JM B015 mat is a nonwoven,
meltblown glass fiber batting. Depending upon the

15 particular applicatiocn, the intermediate layer may be
formed by multiple glass fiber mats.
[0054] The fibers in the inner and outer layers 57, 59
of the fiber bed collecting wmedia strip 37 may have, for
example, average diameters of about 6 to 8 microns or more.

20 The fibers in the intermediate layer are preferably
smaller, such as about 5 microns or less in average
diameter. More preferably, the fibers in the intermediate
layer 61 have an average diameter of about 4 microns or
legs. However, it is to be understood that fibers in the

25 intermediate layer 61 which have the same or greater
average diameter than fibers forming the inner and outer
layers 57, 59 may be used within the scope of the present
invention. Preferably the fibers used are long staple
fibers (e.g., 0.25 inches to 6 inches or 0.6 cm to 15 cm)

30 that are not chemically bonded. Instead, the fibers are
sufficiently entangled or fixed to form a stable bed when
mounted on the mist eliminator. The fibers should be

durable under process conditions and preferably are not



Manvi | | e Corporation. The JM BO15 nmat is a nonwoven, neltblown glass fiber
batti ng. Dependi ng upon the 15 particular application, the internediate

| ayer may we 20dsoramesl by multiple glass fiber mats. [0054 in the
i nner and outer layers 57, 59 of the fiber bed coll ectl]rll)g-{ﬁe% 'if’daﬁ}ag@?%

may have, for exanple, average dianeters of about 6 to 8 mcrons or rmre
20 The fibers in the internediate | ay are preferably snaller such as

about 5 r d| r e pref he fibers in
the int e?;‘rl?%gl1(?Lr2:t%‘e(?L y ﬁ%ﬁe@l} %a‘fet%%ﬁc ‘ave age d?’a%’{ erap%? (g%% 2(}21%1 tPons or

| ess. Howewtiain thilghlyw dermisiers taod ddiatedt dersudin ddewRord nties medi at e

| ayer 61 which have the sane or. greater avera e dianeter than fibers

f or mi ng ﬁﬁ@i%ﬂﬁﬁa@ﬂﬂPQﬁﬁ¥ﬂs g Uiy adsigl Hee{Red Wre hfHPeR2 scope of
t he pr es tjhﬂé]:- r r r fibers
(e.qg., é[ I nc to Glc'lp %gs&%ﬂé&%%c%%% % %Ofct) ?Ie@l%jb%r

chem éal Iagppbmuﬁe:d,onmst gittsn tused IJb‘EI’ES cﬂteﬁnlcaﬂf]fy m@t@ai;/llehda angl ed or fixed
to forma stable d ! ﬁﬂ? on t he St ebin1natg fibers shoul d
be dur aB @ Gifer %%ﬁ%ﬁ t5 e %o‘P %006/ 074383
PCT/ US20Q&/2Q48 %0 hohahsldve Q%&%é:@%@%etﬁﬁ@%f i Pges are desirable

in certain highly corrosive environnents, such as mhere the gas stream
cont ai ns aaHAqstRI ii? ddtel. garﬂ)vmam-t herhe bigrer netyd beupet yhayexrs ob 7 ot her

terial t abl e f f I h
corpat  bITY TocS REQTITRE b5 ThE Tt ia: 5 O SbEre oY nkYbe ¢ reat ed
so t hat taﬂﬁ.‘}bs&ﬂﬁ l’eﬁiétaﬁlﬁl—t‘ﬁbﬁlﬁﬂg NGrdBhidier @@rm@umﬁeih@n@a@usueam The

i nner and outer |ayers 57 59 may al so be treated to be resistant to
wetting BpdeRE 5V adtdsnd the HHierirdiatey 139X neht TOFLRRE | nner and outer

facilitates removal of the aeroscl from the gas stream by
keeping these layers from holding the aerosol (and wetted
or dissolved soluble solids) once it is removed from the
15 gas stream. The drainage layer 41 is preferably formed or
treated to be wettable.
[0055] In ancther embodiment {(not shown), the
intermediate layer 61 is formed by longer fibers having a
larger diameter, and shorter, smaller diameter fibers are
20 interspersed within the larger fibers. For instance, the
smaller fibers may have an average diameter of about 3
microns or less. In one instance, the smaller fibers have
an average diameter of between about 0.01 microns and 3
microns. The smaller fibers are believed to assist in
25 holding the larger fibers apart to preserve void spaces
within the intermediate layer 61, even under compression.
[0056] As shown in Fig. 5A, the inner and outer layers
57, 59 are connected together by stitching 65 along
opposite longitudinal edge margins of the inner and outer
30 layers. The stitching 65 also extends through the
intermediate layer 61 at the longitudinal edge margins. 1In
the illustrated embodiment, the stitching 65 is formed with

polytetrafluorcethylene coated thread for resistance to the



| ayers 57, 59 and the internediate |ayer 61 further facilitates renoval of
the aerosol fromthe gas stream by keeping these |ayers fromholding the
aer osol (awmd2eestozexd3 or di ssol ved sol ubl e solids) once itPciI“?Udsrz g‘?ﬁzfrom
the 15 gas stream The drainage |ayer 41 is preferably forne reated to
be wettable. [0055] In another enbodi nent (not shown), the internediate

| ayer 61 is formed by |onger fibers hafi ng a |arger dianeter, and shorter,
smal l er djanmeter fibers e 20 interspersed wi.thin the larger, fijbers. For

i nst ance,dqrt;f'éy Sﬁé"r?alqeel"roﬁﬁe}% By, %es%e%er%%% %I’f%%t‘@?gﬁﬁfl% But 3

M crons Qiay @85 uddli ONMIFSSRRE L, ot SVB}d &5f f{bBhSndayenedN1AYEEage

di aneter of between about 0.01 microns and 3 mcrons. The smaller fibers
are bel i &ved Q- Bz iatey P 2RRD| rtrrnediats daayer bel stapgakher onpyeser ve

voi d spa 1.4 hi.n-the Jd.nt e ' ve nder _conpressi on.

[ 0056] Asct?ezﬁloé\:\ah& r“r%rtlglilg? t‘lslﬂé %@% ?\é\iirij‘%?:ro%eer}glﬁ%é%%gf%?; ggogre connect ed
t oget Ber imstsridechitttg: GhapdongnopResifeidahdhy uskael i eggehsat gfasindg t he

i nner and outer ., 30 | ayers. The stitchin%_GS al so extends through the

i nt er medi3t%h I 6 PR RAPYRYT (T 1RP L dnnRF gl pet $RcwRhe il | ustrat ed
enbodi ne ddigst i | | g A t e ne coated
t hr ead fgéorr esi slf'anilgé%@og?%g 11\)/% %18%6/ 07%8% I%%}ﬁz%%%%gtgﬁ%%&@%éﬁcor rosive
aer osol ialane gy sineadhyngitudinel eddgematein neitbenuskd. sdbpeovEr, ot her
ways of j.qQining inner,layer. 57, outer layer 59 and internedjate |ayer 61

t oget her tr%hey pr%ésqf’sq:ele%erno?he gtcolp% "‘bfg/cf heemﬁ%%%‘?gi FI%%FH FB%. For 5

i nst apce, irhe: lanens, mycde 1&*@@0&1&1/ Sledhiddhateaiafepi Mgy B8d gl uing, or

i n anot her suitable nanner (not shown). Moreover, there nay be stitching or
ot her i ntarnangasttdorehewngn oMy, ove, |oHyivikhewt adgefhsedin within the
scope of

connection among the layers. 8till further, a fiber bed

collecting media (not shown) may be formed by laying down

fibers forming the equivalent of an intermediate layer in

15 terms of its ability to remove aerosols and/or wetted
soluble solids from a gas stream directly onto a layer of
needle punched or otherwise reinforced material (e.g., like
the outer or inner layer). For example, glass meltblown
fibers laid directly onto the glass fibers of a reinforced

20 layer can fuse with the reinforced layer so as to become
permanently attached and supported by the reinforced layer.
In that event, either the inner or outer layer would not
necessarily be present in the fiber bed collecting media
strip. In yet another version of the collecting media

25 strip (not shown), at least one of the inner and outer
layers may be replaced by glass scrim.
[0057] Figures 5B and 5C illustrate two possible
variations in the construction of the fiber bed collecting
media strip, which are designated generally at 37' and

30 37'', respectively. The fiber bed collecting media strip

37' incorporates a drainage layer 41' between the inner and

outer layers 57', 59' of the media. More specifically, the

drainage layer 41' is located between the intermediate



the present invention, It is also envisioned that the 10 inner |ayer, outer
| ayer and internediate | ayer may be arranged as shown in Fig. 5A but

wi t hout anyofosadszggonnecti on anong the |ayers. Still fur%Qﬁg {%00‘%$ bed
collecting nmedia (not shown) may be fornmed by |aying domn E%% é m ng
the equivalent of an internediate Iayer in 15 terns of its ability to renove
aerosol s and/or wetted soluble solldé'fron1a gas streamdirectly onto a

| ayer of dle .p erm se r rce e.0.,.like the
outer or | %%r 6ﬁ'ayleé’lrlll)%!‘lq:%oer ler§<nae ]eayegq Cfrt desemn%nf‘flb%r’ﬁs ]f"g?]addi rectly
ont o t he fYloas mifdth@¥s ninat gre) nfme:ezw& e redldine d tibeg Whedid her ¥ £p nf or ced
| ayer so as to becone ermanent|y attached and supported by the reinforced
layer. 137't Y &femSeceiiidr Mhevitirut naesr Jeginagpulay#bt (not

necessaridyn b8 RIfghg @%Aﬂé&er 4 ectg b £i8at | O Vet
o AR Satide

anot her version of the co ecting ne strip | east one

of the inder fakerolteel cdlayertsinmpymdibia eimiged by gilasen sinifig| 0857)
Figures 5B and 5C.illustrate two possible variations in the construction of

the fibeMeddv§ & iSepe rFéH?%F GEIPn it diPerERsi gt el et Iy at 37
and 30 3qlly;d %@pe%tﬁ'veéﬁbwﬁrrh?nfﬂ‘i% ¢ L £CtdEg andlﬁl%tr5@ e

i ncorporates a drainage |ayer 41' between the I nner ter {ayers 57
59' of thelietitangvreslispedifimEalTy’, hdm bebmiplaptedyer ficreézséocat ed

bet ween %:e ) nedlate %%96/0745? PCT/ U 0064@0048 25 layer 61' and
t he i nner-1%ayat" efad:r uy ok V" mi SFEFF " hhfor. The fi ber

bed qgl | eddctthd b @ Hrd Rised] tdBoRe tsethadid D7 W 1Hothe 3pDifeea dr ai nage
| ayer (not shown) covering the inner screen 27. The second variant of 5 the

fiber bedzcd’tﬁﬂlgématti@medl a strip 37" shown in Fig. 5C may have the sane
constructﬂocmjﬁs th% tl%l ﬂ_eﬂl&%ét? é &nﬂaodlment the thickness of

the fiber bed collecting media strip 37 can be different
for different applications and different acceptable
15 efficiencies. However, in one embodiment employing the
ECOMAT 300 mats and three JM B00O5 mats, the fiber bed
collecting media strip 37 has an uncompressed thickness of
about 1 inch (3 cm). As compressed between the inner and
outer screens 27, 29, the thickness is about 0.5 inches (1
20 cm). In another embodiment employing the ECOMAT 180 and a
single JM B005 mat, the fiber bed collecting media strip
has an uncompressed thickness of about 0.5 inches (1 cm).
As compressed between the inner and outer screens 27, 29,
the thickness is about 0.25 inches (0.6 cm). For a height
25 of the fiber bed 35 of 6 feet (1.8 m) and a compressed
fiber bed thickness of 0.5 inches (1 cm), the diameter of
the inner screen 27 can be such that the fiber bed 35 has
more total flow area compared to glass roving beds, even
though the envelope in which the fiber bed assembly 19 is
30 received is unchanged. The larger flow area increases the
capacity of the fiber bed assembly 19 without increasing

its overall size.



media 37, 37' shown in Fig. 5A or Fig. 5B. in Fig. SC, the collecting nedia
strip 37'" has been pleated to increase the surface area of the colleting
medi a. Forwedoosionesi0 screens 4011 are used to hold the ' 71 in the
pl eated configuration. [0058] In the illustrated enbodi %&t&zﬁﬁé‘uy%ckness
of the fiber bed collecting nmedia strjp 37 can be different for different
applications and different acceptable efficiencies. However, in one

enbodi nmen | oyi t 30 ts_.and_i.hree JM BO ts, the fiber
bed col Ilteocﬁgr?g ma% a Js‘fartl%%Olg%fﬁhc%%r%%%%ﬂ%%‘%ﬂc‘ﬁﬂgigggfngabout 1
inch (3 cmgdiAstcoiprEssed bl thechanein@ndscoeder2schpens 27, 29, the

t hi ckness is about 0.5 inches (1 20 cm. In another enbodi nent enpl oyi ng the
ECOVAT 1803RREDY hegiterimvBnes sriral nkron pene perd cof | elaei Agraedia strip

has an uncomiLessadkL hi %E-Ss;pﬂafb@rgé] %%aéﬂ%ﬁggt%cin? - aad$:$ Ig% essed

bet ween th.e I nner and outer Screens ness is a 0. 25
i nche§ (iGaay .36F@and/ deightiRbriofal heotimes) bhede 30l of Hréeetakbly8 n) and a

conpr essed iber bed thickness of 0.5 inches (1 cm, the diameter of the
i nner scr%seeh‘{ Vo c%‘?{‘%ﬁe“agifcqf‘ t"ffatthtmefﬁ%’e‘?"r]oe‘ﬂg%- athe nbiker oPaf f| ow area
conpar ed ddl XE@asEnd QY dih t@@ﬁdp E¥EN & LROMUGRLd NSo ey el Oé’&cl:lnt\\ﬂlﬁ(:f@t he fiber

bed assenbly 19 is 30 received is unchanged. The larger flow area increases
the capad tihefspialideerines ddveprevious tuout | hereagihg seeés overal |

size. WD.20 74383, PCT/.US2006/ 00048 26 _[.0059] . Stated previously, the
fiber beci"%%:gﬁi'cﬁ’nga p&%ﬁjaor%t?' pe%‘%lh izgo"é%]blt?%ﬂlt%ﬁtsjrfé t?]W:r'le'f"P‘%Breen 27 by
W appong dwersids fthd) tuspi ined i0te Dpealehde oft | herscElgeni1igstherofher.
Non-spiral end treatnents (e.g., additional 5 pieces 36 and/or cylindrical

rovi ngs) SRROHIGNGy dihg dptgth of the fiber bed collecting media
strip 37 is about 18 inches (46 cm) but other widths (e.qg.,

24 inches or 61 cm) may be employed without departing from
the scope of the present invention including a width equal

15 to the height of the inner screen 27. 1In that case, the
fiber bed collecting media strip would not be wound in a
spiral, but formed as a tube to fit over the screen. Where
a narrowey fiber bed collecting media strip and a spiral
wind are usged ag in the illustrated embodiment, each turn

20 39 overlaps the prior turn by about 2 to 6 inches (6 to 15
cm) and more preferably by about 2 to 3 inches (6 to 8 cm).
The overlap is selected so that there is a sufficient
surface contact to inhibit gas from flowing between the
turns 39 without passing through the fiber bed material

25 (i.e., "gas bypassing"). The precise distance of overlap
can be other than described herein without departing from
the scope of the present invention. It is also envisioned
that no overlap may be employed. The fiber bed collecting
media strip 37 is schematically illustrated as a unitary

30 piece in Fig. 3 for simplicity of illustration. However,
the fiber bed collecting media strip preferably has the

composite configuration shown in Fig. 5. Still further,



used in conbination with the spiral wap. The fiber bed collecting nedia
strip 37 is wapped so that each turn 39 of the spiral overlaps the

previ ous twOneocAI4IZRy be seen in Fig. 3, a portion of e%Qq r n 39 in
the wap 10 overlies the turn inmedi ately above it. in the ﬂ%ﬁﬁ@%?%@%d
enbodi nment, the width of the fiber beg7collecting media strip 37 is about
18 inches (46cm)' but other wdths (€'g., 24 inches or 61 cm my be

enpl oyed_ wit.hout departi from_the ope of t resent, i nvent |

el e ngUa e, 3ERRe M, Hinel o X Ysh R T ha
case, therapi.ber bed collecting nmedia strip would not be wound in a spiral,
but formed as _a tube to fit over the screen, Wiere a narrower fiber bed

col | ecti f90%8di a st Prgndersdem AF SHendider fad aallsrting imeditrated
om0 oGt rs9A8h WHAe? % 0/heP S I i L R @byl £ido © | nohes

(6 to 15 ¢ and nore pre bl'y ‘by” about to 8 cnm. The
overl ap ositeqal datyed @ tvhiath taheélashesl d isid fdcitentshowunfliseee dont@ldcd o

i nhi bit s fromflow.ng between the turns 39 withqut passing through the
fiber bed fafOBRaODFRS 3832060k, SFsh S AROR SPHE S 56 MBRARR S of

overlap qamed® Ahemd hathdiestrided Fer eithnidholn dende timg f10m the

scope of the present invention. It is also envisioned that no overlap may
be enpl opé&d alliewsf inedathort loo uredtiilidgd dedicr dtg ige 3ked b ithe | y

Hovever - FIPRE FAShr P B8 B T T GO P et A e 1het T conpost t e
conf ijgur atorOiexgd ivhdr Ghed-£i¥dd IbddiridafeedtD 2O Oeddfek-ed, the
PCT/ US2006/ 00048 27 multiple strips (non shown) nay be 'used to formthe
spiral \Viiker kesb@isganiuie hednesh st thave itrerb el ted ivrRpeE’lia strip
37 shown iinrét@lgi'at%.%n tfﬂ:er %le%%lﬁlﬁr{? ral%eéj 4N r&at}; not be necessary
to have a second fiber bed assembly ready for installation
while the first is being refurbished. Wrapping of the
15 fiber bed collecting media strip 37 can be carried out with
little or no tension applied to the fiber bed collecting
media strip. The overlap in combination with the pressure
applied to the fiber bed 35 by the inner and outer screens
27, 29 has been found to be sufficient to seal between
20 adjacent turns 39 of the fiber bed collecting media strip
37 in the absence of any significant tension in the fiber
bed collecting media strip. Although a dashed line 69 is
shown in Fig. 6A, a solid line or other indicia sufficient
to show the amount of overlap between adjacent turns 39 of
25 the fiber bed collecting media strip 37 may be used within
the scope of the present invention.
foo61] Referring again to Fig. 3, the fiber bed
collecting media strip 37 is wrapped so that each turn 395
of the element overlaps the turn immediately above it, and
30 a bottom edge of the upper turn spaced away from the
material of the lower turm and is exposed to the drainage
layer 41 lying directly against the inner screen 27. The

exposed bottom edge of the upper turn 39 of the fiber bed



5 outer layer 59 with a dashed line 69 to show where to place the edge of
the adjacent turn 39 when spirally wapping the elenent on the inner screen
27. The prneeeumadszthe line 69 allows relatively unskilcqﬂ) r be
used to formthe fiber bed 35 using the fiber bed colleé{inébﬁggm%&gtrip
37. 10 For exanple when the fiber bed 35 needs to be replaced, the fiber
bed assenbl y~19-does not have to be sefit to a renote installation for
refurbishing and it may. not_be essar to have a second fiber_bed

osent y taarald i bt Tl en T PR T doR SR hana b ahed.

W appi ng tfatt kel 1kdwd ihiejutes €9 # Bsh i gt refli thStupPeB7c6BR D6 Sadri ed out
with little or no tension applied to the fiber bed collecting nedia strip.

The over "4F4ate chgieri 1wt tite tHeajnags vkayerphl i witlhouthe fiber bed 35 by
t he inner ‘5%1'%: el scr i1 R h f‘%ﬁq ufficient to seal
bet ween 20 & J‘%(gelg{n'tur%qglgl%fb? ﬁ%)é?%cer ed colTe ??gtﬁe%i&%% rip 37 in

t he abssertde dfianydssigmidredntromnsiongds dtheedmbes mbed wothesting nedi a
strip. AI,h%ggH g dashed Ijne 69 js shown in Fi solid line or other
i

Fig. GA
i ndi ci a _ CQ ol eHoWT Hee bR U R %T/e‘??‘lﬁ\?g)r%e*%%gﬂﬁo’é’a?‘&p‘éﬁt turns 39
of 25 theddibanhed£ol | peti ?ct?‘féﬂ Rnzde FPY, D6 USRA f‘ﬁ.ﬁ%ﬂ:”l?e he scope
Referri g. 3, the

of the present invention. [0061 ng agaln to Fi er bed
col | ecti rigs rsrtimedsta | Ppiidyle spiwempenr sof titee Isaicthom uedg890of ofathe el enent

overlaps the t | redi at el y.above it, 30 a bottom edge of the upper
turn spacethg %eorﬁﬁaﬁp%‘ét%ﬁ%’f %Efétcffgff%%ng JF?\é%\?ldsFEg@x‘ﬁ%E%d to the
drai n@ge id aweyi dhrdtyidie wHErcd | Yo daddiStot hend NH@Fn SEhREALZYe1Jhe  exposed

bottom edge of the upper turn 39 of the fiber bed WO 2006/ 07438
PCT/ US2008710004ig2 B8 chiqnatd i wigke df kow 149w 3o delte neet bodraf nelge over hang

71 that fﬂﬂé%M%éd‘&ﬂé%&éf&f%£¥££%”tﬁ4 ﬁggéfgg?roéuéﬂeSQiﬁgg bed

collecting media strip. As a result, liquid would tend to
accumulate in the turns of the fiber bed collecting media
15 strip at the bottom of the fiber bed because the fiber bed
collecting media strip does not readily release the liguid.
Accumulated liquid provides a barrier to gas flow through
the fiber bed so that not all portions of the fiber bed
have about the same pressure drop (i.e., resistance to flow
20 of gas through the fiber bed), reducing the effective
useable area of the fiber bed and hence reducing the
capacity of the fiber bed assembly. However, the drainage
overhang 71 of the present invention allows liquid to pass
from one turn 39 of the fiber bed collecting media strip 37
25 directly to the drainage layer 41 instead of into the next
turn of the fiber bed collecting media strip. In the
drainage layer 41, the liquid flows more readily so that
none of the turns 39 of the fiber bed collecting media
strip 37 tend to accumulate significantly more liquid than
30 others, and the pressure drop across the fiber bed 35 is
substantially uniform from top to bottom.
[o062] A first modified fiber bed 135 for a reverse flow

mist eliminator is schematically illustrated in Fig. 7 in



mgrate directly to the drainage |ayer 41 without obstruction. It wll be
appreci ated that gravity causes 5 the liquids renoved fromthe gas streamto

move Wi t hiwotzbes/o7iigher bed col lecting nedia strip 37 to m of
each turn 39. If the collection nmaterial of the fiber bg&éﬂﬁ%ﬁ%}ﬂ?a

single piece, or if the bottom edge of,,each turn of the wapped fiber bed
collecting nedia strip were 10 in regizgtration with a top edge of the turn

[ di at I ' | Qs f tp t tt f th
:‘ imbrgrI ge?%ﬁf%%&%gﬁwkfrﬁ}s%et ée&r% e\r/]“plg‘}l 0 11 t V&edﬁg‘y\gg'er:’pbegfhéggl I g(r:nt ?ng ngdi a

strip. Avxexrarfidfired pautiteh woflltthd enuliiifi ecictibayd adeel iR % heilurims of the
fiber bed collecting nedig 15 strip at the bottom of the fjber bed because

the fi be &R W6 P8O FELRFAEHS TIPS rfdte RANIIPIRIERI PIRE | i qui d.
Accunmul atgd dylu e’ REAES a batd iefode, 9ag; f @Eécﬁ‘h{é’i’@@ioﬁ@fyf' ber bed so

that not all portions of the fiber bed have about t sanme preessure drop
(i.e.} résirstiancen @ feowerde dflgumnidtr migniredtdy bdre bl , steehmei ng t he

effectiv useabl e ar.ea .of the fiber bed an ence, reducing th capacity of
the fi befﬂt?éfﬁ %@Ml%%lﬁo e Ftﬁ’%ﬁ%}jl ?ﬁfﬁ‘r@ﬁ?@ 74 nﬁ% present

i nvent i onrtrdd thed WithelrO RS SL3 5 B ONd Wik 30 fbrddie 36 bermihed
collecting nedia strip 37 25 directly to the drainage | ayer 41 instead of

i nt o t he ag@atruaiderofof Hdd hidrehdrdcld®ecks rjimein serile fibehe
dr ai nage t | Qui | e readil t of the turns
ﬂ%ygﬁs%%%gwgﬁﬁgéﬁgéjfléwwh{gg elkﬁ%éaﬁzﬁgltggé sHS 1

39 of thé 11 ber ing media " St accumnul a

Si gniibi canild .y 30rexddptlliah tiwed0 ofierdraaiihd Meayps£SH4I ei gl DPcaEadSS t he
fiber bed 35 is substantj al Ig/ uniformfromtop to bottom [00621 A first
nodi f i ed FFHESDdderInsigle £f g st werset 2 iraHaebrtianschematical ly

T ustrated iFithe 4ddb MR QA0GE O A383 LT 132000 §004B7e o 28ng

media strip 137 is wound in a spiral as before, but the
wrapping is carried out so that each turn 139 overlaps the

15  turn immediately below it, forming a drainage overhang 171
that is exposed directly to the drainage layer 141 on the
outer screen 29. The operation and advantages of the
drainage overhang 171 are the same as for the drainage
overhang 71 the standard flow mist eliminator 1.

20 [0063] A second modified version of the standard flow
fiber bed schematically illustrated in Fig. 8 is generally
similar in construction to the fiber bed assembly 19 shown
in Fig. 3. The reconfigured parts of the modified fiber
bed 235 will be given the same reference number as the

25 corresponding parts of the fiber bed 35, plusg "200". In
addition to a master drainage layer 241 similar to the
drainage layer 41, a drainage strip 242 (broadly, "an
intermediate drainage layer") is spirally wound along with
the fiber bed collecting media strip 237 so that the

30 drainage strips are disposed between adjacent turns 239 of
the fiber bed collecting media strip where they overlap.
The material of the drainage strip 242 can be the same as

the master drainage layer 241. The drainage strip 242



fragnentary cross section simlar to Fig. 3. The reconfigured parts of the
nodi fied fiber bed 135 will be given the sane reference nunber as the
correspondi ng parts of the fiber bed 35, plus 11100". As stated previously
5 herein, wa2ao6roedsssse flow mst elimnator the gas stre m
Wi thin the inner screen 27 radially outwardly through t%gwgﬁ%g$%g%§?135
past the outer screen 29. The constrU£}ion of the fiber bed 135 is simlar
to the fiber "bed 35 of a standard flow mst elimnator 1 (as shown in 10

Fig. 3) ngi 'qgggj er. 141 is_|located | nst the

I nsi de of e(%ﬁﬁggggﬁg%é% q%%%her :k%% é%%é%%%%n?ﬁe€$%n%?gggégén 27. The
fiber bedamdt exti rextarelirg sdubgpaidyiaBlworkns fuil B s@iqiat 68 bréore, but
the wapping i.s carried out so_that each turn 139 overlaps the 15 _turn

i mredi at SiSPHRIRA 143° £ orf P LWRT nagee VR HREE 1797 IR hat 2| 8XERPESed
directly fisde-uk %f@ﬂ?aééﬂ‘y@&eﬂ{‘éngnzﬂ‘efﬁé&rbfcé 858t £m J{ig?oet?ﬁr ation

and advantages of the dralnage overhang 1 are the sane as e
dr ai ndge tloweargreeny Alrn B8 Stahdaikef | loed nesileti mpatedid. sROip02B3] A
second nodi fied yversion qg t he standard flow fiber bed schenat%cally

i | | ust r at® i 1° ARSI YT YEPTSi e FUreR it RO ndr +RATBnOY 8Y RABIf i ber bed

assenbl y gk sfrevnedt) Tdvker Ssudheof ecRaf £ o LbPRrés1 Phct Negmdiibed fiber
bed 235 will be given the sanme reference nunber as the 25 cOrrespondi ng

parts of aWelpi bdrided 3brajning 1a2000f the wpleyiowrno232nast ehedr ai nage

ayer 2415l UG $o-biigeo A NAGS: | AP “der i dHE1 A3GE BIELPLRE2 (broadly.

an intermne draina ayer I STSpir the fi ber

bed col | et Npadeedder B ri4e 237d sDs t bpdnéherodd dini tagedsiihageaseripsposed
bet ween adjacent _turns 239 of the fiber bed collecting nedia strip where
t hey overt@p-he THERALR i Y 2hb- dr ErPa@Er5R399 PUDiRaR4BecPRBNSERE as

the mast g, dral Pape, | Y An@di ndPerdl 2 99960 Sh&YE 24quid captured by

the fiber bed collecting media strip 237 to the drainage
layer 241 by providing a barrier (i.e., the drainage strip

15 242) between adjacent turns 239 of the fiber bed collecting
media strip inhibiting transfer of liquid from one turn to
the next. The drainage strip 242 can be wrapped on the
inner screen 27 together with the fiber bed collecting
media strip 237 to produce the fiber bed illustrated in

20 Fig. 8. The drainage strip 242 may be formed as a single
continuous strip (as illustrated) or multiple shorter
strips (non shown).
[0064] Figure 9 illustrates a third modified version of
the fiber bed 335 in which three fiber bed media 337 are

25 laid on top of each other with their longitudinal edges
generally in registration, and then spirally wrapped onto
the inner screen 27. The number of fiber bed media
arranged in a stack may be other than three within the
scope of the present invention. The reconfigured parts of

30 the modified fiber bed 335 will be given the same reference
number as the corresponding parts of the fiber bed 35, plus
"300". Wrapping the overlaid fiber bed media 337 onto the

inner screen 27 can otherwise be carried out in the same



WD 2006/ 074383 PCT/ US2006/ 000482 30 extends outward fromthe overlap and
agai nst the drainage |ayer 241 extending substantially the full height of
the fibewdemed3Bs31 N so doing, the drainage strip 242 gé%@@%mw% r the
dr ai nage overhang 271 fornmed by a bottom edge of 5 the upper turn 9 of
fiber bed collecting nedia strip 237 gpd is interposed everywhere between
t he drai nage overhang and the next lower turn of the fiber bed collecting

medi a Stgady. okl gyi-d aknj o] p dr ai nage
over hang 27 ?%a?a¥aFﬁé E?P ?Sh?ggg&nkﬁgsg ?%g %%ﬁgfgﬁﬁg e“%%@fb 242 and is

transport@erin Bhe dFabamagbedt cpplerbingemddabnageipaper 2y, HEve drai nage
strip 242_gnh es the ability of the_fiber_ bed 2 to .move |jquid captured
by the fr %rggﬁa 88PF§EPFhé°ﬂeaFatgFrbe?§7b9§ FﬁiﬁﬁFgﬁﬁgg@ediimn 241 by
provi di ngsergrsveghbbmein Fhg.dsai Bagethkll Bohar#he) ibel Wweak aadjeacent turns
239 of the fiber bed collecting nedia strip inhibiting transfer of liquid
from ohe £R¥NTEBOVERE AexpsoTReanfdPrayetsed polapleasoldd dar &meed 2on t he

i nner scrﬁgg ggrg %ether with the fiber bed collecting nedia strip 237 to
produce the firber béd illustrated in 20 Fig. 8. The drainage strip 242 may
be fornedi@assn] si nghefoupnhi MuAlisietr vpreasn bfushearedkrobedulatisplies short er
strips (non shown). [0064] Figure 9 illustrates_a third nodified version of
the fiberSBEYR338 FAIwhiehtPhFEBPELEEr thed SRadRa L33 Foung wrebPpin@son top of

each ot hefy¥eibBat BRL' ohoprght HEi paL 8dg negal Ly .o ¢ ration, and then
spirally m?g%ped ontoo thebinne? scrge§§zgﬁ ?h% %ﬁﬁggrsggkgﬁbgﬁhbed medi a
arranged Thearstavkigayellepather ofh&het tode fiietihifdbele besic@apé ofiltlhe present

i nvention, The reconpfiqured rts of 30 the nodified fiber bed 335 will be
gi ven thebgaﬁév?ﬁfgﬂ@ngémenﬁggsFeﬁgetﬁ@ 61 BSpohGi FQXEESPOTGEYhe fi ber bed

35, plus parts of the fiber bed 35, plus "400". Each wrapping is
formed by its own fiber bed collecting media strip 437',
437'', respectively. Unlike the fiber bed 335 of Fig. 9,

15 the fiber bed collecting media strips 437', 437" are not
laid over each other or wrapped in a single operation. The
first wrapping can be formed in the same way for the fiber
bed of Fig. 3. The fiber bed collecting media strip 437
overlies the drainage layer 441 on the imner screen 27.

20 The second wrapping is formed by winding fiber bed
collecting media strip 437'' on the radially outer surface
of the wrapped fiber bed collecting media strip 437'. It
is to be understood that the number of wrappings may be
more than two without departing from the scope of the

25 present invention. Moreover another drainage layer (not
shown) may be positioned between the wrappings. One
advantage of layered fiber bed constructions of Figs. 9 and
10 is that fiber beds for different applications can be
formed with the same basic material (e.g., the fiber bed

30 collecting media strip 37). Selecting the number of layers
tailors the construction of the fiber bed for the

particular job to be performed.



"300". Wapping the overlaid fiber bed nedia 337 onto the inner screen 27
can otherwi se be carried out in the sane WD 2006/ 074383 PCT/ US2006/ 000482

31 way as wonrodeheazssngl e | ayer fiber bed collecting nedi ip 37. Fiber
bed collecting nedia strip 337 may have the sane constr%gfrf[gﬁ[’@@?“ﬁ% fiber
bed collecting media strip 37 shown in Fig. 5, or other construction
suitable 5 for—renmpving aerosols and/o¥ wetted soluble solids froma gas
stream [00651 A fo%{th q%fied,ver ion of the fiber bed 435.is shown in
Fig. 10 tP%&pris %Mﬁi%% drPS+ VSR s thrayEiher dhedoddtop of the

other on dJififnd RRCFIRES CEN. 2padls e F1RE M p&rssh ﬁgﬁscsér%é‘ﬁoﬁaﬁﬁéi ed
fiber bed 435 wll e given the sane reference nunber as the correspondi ng
parts of tthéels Fdbdredsd, 3plane "abéEn e canapp: heresce f oumedaby its own

fiber bed cqll,ecting nedi trip 437 A37' 1, respectively. Unlike the
fi ber begﬂélf’s ot Fi'g. r@?e i%ﬁ?%p?ef et betd cco?r?%%’f?‘ﬁbe Wtelstrips 437°, 437"
are nat daulic iRl eRdePiATEra®rtNG anRask ivhars| gk Ca@pLESht OBurdge first

wr appi ng can be formed in the sane way for the fiber Dbed of Fig. 3. The
fi ber bed%blAfedhinhErin bltvowd Fibenkad | eal 1eet Hra| negba | aEir 441 on

t he i nner rogpéq'. 20T algpéi S r . LN | ber bed
col l ecti nsg3s7crre I a ls%gpr'i poﬁ%g]‘leiskggnﬂ]%égﬁa | aLPIgJyf &%%r%??%%%@n‘g%r htf‘aéwr apped
fiber bedxmoldectHawe meckalsp régams ould be sth® mestindeksipod that the

nunber of vvrag,pi ngs may be nore than two wthout departing fromthe scope

of the 25 i MERTSHINDr Sk LRt HEFR RS PhYeCT a§eFOTHBE  shown)
T ; j . dfib bed
may b pogidd Yred Hiveensd ervl%@ﬁp% p%gltt% rr@%ﬁéﬁgi?ﬂeaPé gygged fiber be

constructions of Figs.” 9 an or different
appl i cat i ddre bmdf=or hedextehivheswafmcdast ctimat spiadlle. goundhe fi ber
bed fiber bed collecting media strip 537 over the seams to
further seal the fiber bed 535 at the seams. It is also
possible that the roving 540 could be wrapped onto the
15 inner screen 27 and the fiber bed collecting media strip
537 wrapped over it so that the overlap seams are in
registration with the wrapped bands of roving. Another
possible option is to apply caulk (not shown) or other
suitable sealant over the seams. Preferably, any such
20 sealing structure should present as little obstruction to
the flow of gas through the fiber bed 535 as possible.
[0067] The fiber bed collecting media strip 37 of the
present invention can be used in the field and may be
packaged in formats suitable for shipment to and use in the
25 field. For example as shown in Fig. 12, fiber bed
collecting media strip 37 formed such as shown in Fig. 3
can be wound onto a spindle 75 forming a roll (generally
indicated at 77) for shipment. When needed, the fiber bed
collecting media strip 37 can be let out from the roll 77
30 to wind onto an inner screen 27 of a fiber bed assembly 19.
Another format shown in Fig. 13 has a single sheet of fiber
bed material (generally indicated at 81) containing

multiple (six) fiber bed collecting media strips 37A-37F



30 collecting nedia strip 37). Selecting the nunber of layers tailors the
construction of the fiber bed for the particular job to be perfornmed. WO

2006/ 0743860 Ros/tdagH06/ 000482 32 [0066] The fifth nodif]| ' f the
fi ber bed 535 shown in Fig. 11. Parts of the fiber bed Eggﬂ§§$$@@%%ﬁding

to the fiber bed 35 are given the sane,feference nuneral, plus "500". The
fiber bed 535 is constructed with 5 adaltional material at the seanms where

the adj acgpbahttdss: 38901 s SPly GhlikelOuBEethBS! DehCalhes! g medi a
strip 537 ovefrlap. It 15 Eelleve hat 1f gas bypassing were to ~occur,
t hese ovembbpriaihnsamobedpbekabednost al rbély ihdiatited gieeordiinglag, nultiple

strands 5 of rovin 1Q nade qf .fiberglass or .ot her suitable naterial
are woundégpntgﬁ?hglkggiQﬁgymggFEFF&rC§Grgﬁc§°5peghg¥ﬁﬁ 28} yRfdund  fi ber
bed col | eghirag Bedidast £bPiBB&roYakekN€7S8aANEekBenbdtigh@heSqRi11t he fiber bed
535 at the seans. It is also possible that the roving 540 could be w apped

onto the ¥sdihnef theefhber hed masetiibdr 8Bedavoblbeni Agvesdisdmgflairp 537

wr apped oyer .j 0 e er eans . _are ;i regi.stration with. the
wr apped bgﬁdgh%?§r%%?%%.ggnggﬁeF&%ggé PgIE%SpFPg% " %F §%L@%9$§ﬂﬁ?%run
shown) orgotard afuihabkredtatantlaguer sifie1aeans. idtekaicdilate aRyesuch 20
sealing structure should present as little obstruction to the flow of gas

through thé PRbef*xBeRIERY sbepdudilpmwddth] oferpeTRBERtber AFed col | ecting
e aged LReffnObibbe 1RIEPORLUARALLORCRBEARA] W e deldd and ey be

packaged in tormats suit ment to-and usein th iel d. For
exanple aprsbowhoi asfegbl{?withbehebdeanesobhécbungrmadivarsi.rip 37 forned

such as shom@ %n Fig. 3 __can be und onto a spindle 75 formng a rol
(gener al | §ELFRBFREL BaPaP 577 F OFBEds RYp AEHE PIVREN OhESde FUIHRO 11 BEANSed

can be formed along the edges of each individual fiber bed
collecting media strips 37A-37F to unitize the components
(i.e., an inner layer section, an outer layer section and

15 an intermediate layer section) of each individual element.
However, it is envisioned that the stitching 65A-65F could
be omitted. Lines 85 of perforations between adjacent
fiber bed collection media 37A-37F form frangible portions
that permit the connected strips 37A-37F to be torn apart

20 for individual use. Other ways of weakening the attachment
between adjacent strips 37A-37F can be employed. Moreover,
no lines of weakness could be preformed in the fiber bed
material. Instead a cutting tool (not shown) could be used
to separate the fiber bed collection media when needed.

25 However, it is preferred to have the width of each fiber
bed collection media established prior to shipment to the
field.

[0068] A prototype fiber bed assembly 19 constructed
according to the principles of the present invention was

30 tested and its performance is compared to that of an
existing fiber bed assembly. The results of the tests for
the existing fiber bed assembly are tabulated in Fig. 14A
of the drawings and test results for the prototype fiber



collecting nmedia strip 37 can be let out fromthe roll 77 30 to wind onto an
i nner screen 27 of a fiber bed assenbly 19. Another format shown in Fig. 13
has a single sheet of fiber bed material (generally indicated at 81)

cont ai ni ngvonndsta7pdse (si x) fiber bed collecting nedia stry - 37 WO
2006/ 074383 PCTI US2006/ 000482 33 arranged si de- by- si de grm%lg@gﬁ&ts%get her .
The fiber bed material can be packaggﬂ on a roll indicated generally at

83. The fiber bed material can be formed with an inner layer simlar to

i | ay ' f . wigdth of .t he £ ber. bed. ial 81,
an out er ey e a1 Y Eo ) el e b i Sk TS TR T G w ot h of

t he sheetfilRdr &dl asdentanned at eylayerrsiing aadlo fiber mpedate | ayer 61
but extending.the full width of the sheet. An internediate |ayer could al so
be separ éise??%'lbfﬁyo CQIMGTSHA L 130 bk ie demfsnsante (v ireeFhend out er

| ayers. Iidefy n A or. ; Pgﬁy% or r i . Jypans can be
for med als(??g t he gczlf%gs Cg?%egdc#%déi%i ua CS‘l%]b'erojtbed g%%:ﬁ%‘ﬁggmdi a strips
37A- 37F tfahay therk adsemidipdreficrmdd ey  weappimera | Gilezr secting, o@n out er

| ayer section .and .15 .an internediate | ayer section) of each individual

el enent. 2 1631 {8CTSRM si oned that the stitching 65A-65F could be

om tted. fggues 85 G PLAANANSE NSIMEST aiAa@ity {9 DBE PSAnER bpction
medi a 37A-37F form frangi bl e portions that permt” the connected strips
37A- 37F twrapping rihepdiitbe20 Had ¢ondiedtiing nedia Githeip watystloé iem&eni ng t he

attachne b adj.acent strips 37A: 37F, can.be enpl d._Mreover, no

| i nes of rgm%r&eﬁ}egﬁc%gu%&a%%%% ét ofrlﬁ%ef i%eq?ﬁe:%#isbﬁse%aejg@la%ﬁér?%l sh?‘ﬂ%t ead a
cuttiing tiaplFi(not7 stiown), oy drddpetisedi1dw) Sepriateitde héder bed collection
medi a when needed. 25 However, it is preferred to have the width of each

fiber béPIAItERT FedicditER 75 & day i Bie (P Piehion oShaen in

Fig. 5, except that the intermediate layer is formed by
three JM B005 mats arranged in layers, and the inner and
outer layers were joined together by stapling, rather than

15 stitching. The inner and outer layers are ECOMAT 300 fiber
mats, as described for the illustrated embodiment above.
The overlap between adjacent turns 39 of the fiber bed
collecting media strip in the wrap is about 2 inches (6
cm) . A drainage layer similar to Fig. 7 was formed using

20 two fiber mats. The fiber bed collecting media strip is 18
inches (46 cm) wide and 35 feet (10.7 m) long. The outside
diameter of the fiber bed 35 is 23.2 inches (58.9 c¢m), the
inside diameter is 22 inches (56 cm}, the compressed fiber
bed thickness (including the drainage layer) is 0.6 inches

25 (1.5 cm) and the height of the fiber bed is 6 feet (1.8 m}.
The fiber bed area is 34.5 ft* (3.21 w®) and the fiber bed
volume is 1.8 ft? (0.05 m’). The total mass of fiber used
in the collecting media strip 37 is 10.9 pounds (5.0 kg)
and its volume is about 1.5 ft® (0.04 wm’). The overall

30 density of the collecting media strip is 7.4 1b/ft® (118.5
kg/m’) . The overall numbers take into account the areas of

overlap in the fiber bed.



field. [0068] A prototype fiber bed assenbly 19 constructed according to
the principles of the present invention was 30 tested and its performance

i s conpar adoteskohsugs of an existing fiber bed assenbly. T I t he
tests for the existing fiber bed assenbly are tabul at ed'ﬂﬁgﬁ%ﬁ%ﬁ_s}oﬁ%ﬁi of the

drawi ngs and test results for the prototype fiber W 2006/ 074383
PCT/ US2006/ 000482 ------ 34 bed asseﬁﬁly 19 are tabulated in Fig. 14B. The

exi sting Ipher bed.,assenbly is.a glass rovin k fiber bed. assenbl
conmmer ci aﬁc{ﬁjvai I g%?ee IR NERS A e%nﬁ¥%¥%ﬁ%€1atc§/s%£ﬂ§? PRE. of st. Y
Loui s, Mcesioudt inkh engd 26 SettOMb NEbdndd Dgy  Hiesl meoead! Yoo smheraed by w apping

a fiber rovingson a cylindrical screen. (0069] The prototype fiber bed
assenbl y %9 35 dreld ép-@wf&)pp]rc?@tiﬁédfjr%e*n cbt$ ee®) ngifedi aTBErip on

t he inner, §gg% 7 C ' i al wn 10
in Fig. fof‘?‘%. , %rtég%lggriés)%yf o%gﬁ#ﬁ%af?%sérlég%%ﬁg%%?g%t?h%grre Fgggt rip
tested hal® themonstThetowershbwhiber Béd.abea extephet bayetheibsnter fedi ate

| ayer isjégrqed b% gﬂree JM BOO5 mats .arranged in | ayers, and the inner and
outer |ayers weréd?j eGHFOEBFhEPm89n§9aHP?H§? Pt REE tLAYRYE5 1§t i t ching. The

i nner an%;g%c%{irﬁéwﬁf @& FOOMhSQRdR £iBH:S qBfndlaSerdPethd or the

il lustratéd enmbodi ment above. The overlap between adjacent turns 39 of the
fiber bednrmey |laudiowterdlaystsipsi hotheniwagnss abBoattotahchass(6f cm. A

dr ai . i mi | Fi.g. d_using 20 fib ts. Th
1 ber bod AT attfhoThen o 57 (% Rab one' fafert ‘TrbetEhattst ot
(10. 7om dindinrdle Hud Shgeer dipeteriofstherhyber besk 3P kg/w3..2 iTHehes

(58.9 cm, the inside dianeter is 22 inches (56 cm), the conpressed fiber
bed t hi ckirdssriiedicatirli hgyehefaymehags thged) PQ0D Baknéfeglso 35

feet (10.7 m) long and 18 inches (46 cm) wide. The
compressed thickness of the intermediate layer is 0.25
inches (0.8 cm). The fiber bed area of the intermediate

15 layer is 42.5 f£ft? { 3.95 m?) and the volume is approximately
0.8 £ft? (0.02 m®). The total mass of fiber used is 5.9 1lb
(2.67 kg) and the density of the intermediate layer £fiber
bed is 7.9 1lb/ft® (126.5 kg/m’).

[0071] Referring to the tables in Figs. 14A and 14B,

20 tests were run for each of the two fiber bed assemblies
under four different conditions: low velocity/low load
(LVLL) ; low velocity/high load (LVHL); high velocity/low
load (HVLL); and high velocity/high load (HVHL). An
additional test for the prototype assembly 19 was run under

25 conditions of extra-high velocity and low load (HHVLL).

The first data column is a measure of the amount (or load)
of aerosol (i.e., polyalpha-olefin oil mist) in the gas
stream. The second and third columns show velocity of the
gas stream and the volume flow of gas per unit length

30 (height) of the fiber bed 35. The fourth through seventh
columng contain data pertaining to the resistance to gas
flow provided by the fiber bed 35. The fourth column shows
the pressure drop across the fiber bed 35. The fifth and



25 (1.5 cm) and the height of the fiber bed is 6 feet (1.8 m. The fiber
bed area is 34.5 ft2 (3.21 n2) and the fiber bed volunme is 1.8 ft3 (0.05

nB). The twbabosassmzof fiber used in the collecting nedi rj 7 is 10.9
pounds (5.0 kg) and its volune is about 1.5 ft3 (0. 04 n??ﬁlsﬁ{!}’%@g%‘ﬁéll 30

density of the collecting nedia strip %’s 7.4 | b/ft3 (118.5 kg/nB). The
overal |l nunbers take into account the @areas of overlap in the fiber bed. WO

2006/ 074 :th.ﬁggg&)/ 82, .35 [ 007 e Lnner .and outer |layers of the
fiber be}gl%cc‘gﬂec | nggrr%gﬂg‘g é?‘f’pr+%|’srr€%n%€ { 'EMB’C?O R ‘ésf%m al so 35
feet (10.dF Mhd gugeangrd 8dioE hesert 46h& Fasi geredieve t8RPEOSHRAR Bhekness of
both | ayers toqggher is 0.25 inches 5 (0.6 cnm). The overall fiber bed area

of the I a@ﬂé?esri Y25 corbaing uy hpquitd{epkipenbived soflunbenftife |ayers
i's approxigmt el %&Eéﬁnswgprﬁgf%&gﬂr&ﬁjp&rfogf"ﬁmﬁ%;?% ggle, | nner and

aam
outer layers i1s 10.4 mcrons ot al “nmass tisBa’ T8 5.0 1b (2.3
kg) and ttmolower adixdensThy oévdRth heolumer (W/ml) ol eehtay8Esoi 6£6+8Bel b/ ft 3
(108.9 k%% )f The ipternediate |ayer formed by the JMBOOS mat is al so 35
feet (10. r% IVhFemtraaneachestiesden fliPdere Thetarehpr eSSLHMRAI Bkness of

the interﬂf&dﬁ%}? i@y&&o&stﬂe%ffiaf@ﬁé%g@f n%ﬁ@fiﬁ%g %%{ieﬁsbfﬂ area of the

I nternmedi ate | ayer is 42.5 ft2 ( 3. and t une 1s approxi mately
0.8 ft3 (CEOVINE) paieicbeal ofakise ofife bein usbarossh. dntibcat@d67 ke and the

density of. the internediate |ayer fib dis 7.9 Lb/ft3_(126.5 kg/nB).

[00711 Re J'erf‘.’lrhji g 18 h%l?‘ﬁ%ltéggi?\vﬁ%ﬁ ﬁgﬁlﬁhﬁnﬁﬂ&’f E}Getﬁi?grv@?@ run for
each pf tiw dovardudeindes) asseiblhes pabdes1éousi detf er gpt aggadibhons: | ow
velocity/low load (LVLL); |ow velocity/high |oad (LVHL); high velocity/l ow

| oad (HVIMATK il ereprde| vepagior giesiared Hor)granimetrically
measuring particle side distribution and aerosol loading in
gas streams was used to acquire the data.
[0072] The data show that for the same gas stream flow
15 rate and aeroscl loading conditions, the fiber bed 135
constructed according to the principles of the present
invention provides less resistance to flow of gas through
the fiber bed while achieving the same or better
efficiencies in removing particles. The differences are
20 particularly dramatic at low velocity and low load
conditions. At low velocity/low load (LVLL), the flow
resistances in both wet and dry conditions for the
prototype fiber bed 35 are lower than for the glass roving
fiber bed. However, the efficiency of particle removal is
25 Dbetter at every measured particle size and overall. The
efficiency improvement for very large and very small
particles is particularly dramatic. Similar results are
found for high velocity/low load (HVLL) comparisons between
the prototype fiber bed 35 and the glass roving fiber bed.
30 It may be seen that for all measured conditions, the
particle removal efficiency remaing uniformly high across

the range of particle sizes.



additional test for the prototype assenbly 19 was run under 25 conditions of
extra-high velocity and low load (HHVLL). The first data colum is a
nmeasur e ofwohaecammgnt (or | oad) of aerosol (i.e., polya - | il

mst) in the gas stream The second and third col ums s?§3ﬁ$ﬁ%§@hﬁ§?of t he
gas stream and the volunme flow of gas per unit length 30 (height) of the

fi ber bed 35 " The fourth through severith col ums contain data pertaining to

t he resi to gas...fl.ow provided,.by t fi.ber hed 35. The fourth colum
shows t ﬁ[teo%gr% ssur g{%regpr & t%oe%%%%e rlhffed: hg P eﬁ?@"’f’f‘%ﬂe a

2006/ 074393 eRChedS2C0 &0 MBS Toradersd Xirreat Wi ts hove £ eant eségt ance (Q0),
which is the ratio of the pressure drop over the gas streamvelocity when

the fibéPisE@esseomsiars Hefeupntd qusidens V&) shivmherPaR £9% ber bed
cont al “Sﬁ%;”e!ffﬁ%i'én‘r&yt ?:OH A ttﬂ%&@%eﬁ 205 d ! el X) 1 . gy seventh

col umm ( IS the he = wet ow resistance to the dry Tl ow
r esi st ancenpalssadts thidkreaghid Zisshibvd fm lefdliadiee noyswit s héof | fidveibed 35 in

renovi ng ticles,of the size (in mc¢rons) indicated, The i nal col um
shows th e%{?ero | PR &%ﬁr‘é&f*e‘oﬁésﬁe s f@@%%o?eh%v%[% all conbi ned
parti cl es;Sickaty AMAANARF S¥ka MY, Cascads, idPasdon desighed for

gravinetrically”™ neasuring particle side distribution and aerosol l|loading in
gas streartragsas vededtitty sowligeredwl daeal 00 e Hmnelat 23 shol [t for t he

same gas ream f.lqw_ 15 rate apd ;aerosol | oAadi ng conditions, the fiber bed
135 gonsﬁ'&ct‘@ﬂ“ﬁ@c@ﬁﬁg’% d"IHe" pr f%’%irﬁ?’/e‘g%d:‘ %‘F%Js\lé‘?\ v i rfvént : on
provijges nl55 e @t aHee d Tdo B Lo divigheord heatt DeTedeth Wi e

achieving the same or better efficiencies in removing particles. The
di f f er enc@®s @taezm g@vtindlarsizelreddl i wHetEe \@if 0rPXy BRdeanlY oad

ConditiO%%O%“ﬁﬂé%ﬂ\gﬂéyﬁﬁfgﬁﬁgééc§¥iéﬁéﬂffbeérgéélfgvdropped to 0.3
inches (0.8 cm). There are many applications in which a
lower efficiency is acceptable. Although the efficiency

15 falls off at a thickness of 0.3 inches (0.8 cm), the
efficiency remains high enough for practical application.
The second set of conditions are for low velocity, but high
load (LVHL). The velocity i1s the same as for LVLL, but the
mist to be removed is increased to 47.4 mg/ft® (1,674

20 mg/m’). The collection efficiency of 0.3 micron particles
for fiber bed thicknesses from 0.6 inches (1.5 cm) to 1.2
inches (3.0 cm) remains very high. The efficiency drops
off somewhat more for the fiber bed having a thickness of
0.3 inches (0.8 cm) than under LVLL conditions.

25  [0074]) A third set of conditions is at a high velocity,
but a low load. The operation under low loading conditions
is again very good for all thicknesses. Substantially 100%
of 0.3 micron particles are collected at all bed
thicknesses. The table in Fig. 15 shows data for

30 collection of 0.2 micron particles so that some variation
in efficiency can be demonstrated. The fourth set of
conditions is high velocity and high load. Again, at

higher loads a greater differentiation in the collection of



resistances in both wet and dry conditions for the prototype fiber bed 35
are lower than for the glass roving fiber bed. However, the efficiency of
particl e rneouyslo7438325 better at every nmeasured particlepsl rall
The efficiency inprovenent for very |arge and very sna|F§*é§?@E@W%§;is
particularly dramatic. Simlar results, are found for high velocity/low | oad
(HVLL) conparisons between the prototype fiber bed 35 and the gl ass roving

fiber bed,-20,.l q8fL t I S [ tion the particle
renoval geffftﬁcqléetﬁlé’y?égf?&is uni#lggrer# g}gefﬁégh‘afangr ossee&%n%%%%n%?s%%rt icle

si zes. WRaD0f¥ Betif3 RGHdIE06/1 AR ciendied O ifefetiing now to Fig.
15, the perfaormance of the fiber bed 35 of the present_invention at

di ff er ent'H&ES Tk FPSS SAMMRFCHAY APRWkCAGMR 1 | JHs3kl¥hodntiBERa for
the ef | SOk Yordditfdder fpdutfedlad Sl el ber 68 g SO L5 ed

thi ckness 1s used to calculate results for er thicknesses.
The firstlaashdi tBvamn iwndeow vergt drigly ezibd oy |oadiiilbhg . ths fillyebe seen the

gas streamveloqgity and aerosol |opad are the sane, 23.4 ft/mn (7.1 mmn)
and 1.8 ﬁﬁ%it (éhflﬂﬁ €%r¥ﬂﬁﬁﬂﬁ%QRﬂﬁﬁ Rle FoafF A ked 1#EIR0l | ection

ef fici e“%xféénn%%é idH G@hd adiBs00952:54 { SR8 NN G e S§Z8 QErfad, M Crons or
nore is nearly 096 until the thickness of the fiber bed 1s dropped to 0.3

i nches (Ol®@7EY) . ThHey f idreer deed) aphl fidesy dred icoWdehing hedka ef fici ency
I s accept ghl e. t.hough the efficiency 15 falls off at.a thickness of 0.3
hches (GOt (e BT A I P T A UG+ br A praSE et -

appl ilgat ixon. hasl el fe G Stdn®f SOt | i 4l 1Ow y8kostt¥ambut hi gh

| oad (LVHL). The velocity is the sane as for LVLL, but the mst to be
renoved ieiomkBasetitly vy gy feBesausy AP RFFBIS Yhe E&PEECPESN

effiCien%&}ghf%é%égégéﬂbfﬁgé}ﬁgﬁg double those tested (e.g., 1.2

inches or 3 cm compressed thickness), collection
efficiencies in the HEPA range (992.997 percent at 5 inches
15 of H;0 or 1.25 kPa pressure drop) may be achieved.
Moreover, the data support use of the collecting media
strip at high gas stream velocities.
[0076] In view of the above, it will be seen that the
several objects of the invention are achieved and other
20 advantageous results obtained.
[0077] When introducing elements of the present
invention or the various versions, embodiment (s) or aspects
thereof, the articles "a", "an", "the" and "said" are
intended to mean that there are one or more of the
25 elements. The terms "comprising", "including” and "having"
are intended to be inclusive and mean that there may be
additional elements other than the listed elements. The use
of terms indicating a particular orientation (e.g., "top",
"bottom", "side", etc.) is for convenience of description
30 and does not require any particular orientation of the item

described.



for fiber bed thicknesses fromO0.6 inches (1.5 cm to 1.2 inches (3.0 cm
remai ns very high. The efficiency drops off sonmewhat nore for the fiber bed
having a Wy skhemssef 0.3 inches (0.8 cm than under Lvﬁtgr/ﬁgﬂg%ﬁdo s. 25
[0074] A third set of conditions is at a high velocity, uta rTow ["oad. The
operation under |ow | oadi ng conditiongg is again very good for al

t hi cknesses. Substantially 1000 of 0."3 mcron particles are collected at

all bed thi esses, ta ' | 0. ows_dat a, for. 30 ection of
0.2 mcr dégﬁticl2?5E%E%%%#Q:E%é?i%éﬁ%ﬁélﬁﬁb?rW%a?i%?eﬁ%? %§§$%e

denonst r afiethoutheidRirdihg eran treonsidpeonst ithdi Diveret Deh | yiangds hi gh | oad.
Again, at. higher |l oads a greater differentiation in the collection of WO

2006/ 074383 USIo06/ado Mt t e cantainart gty apeve | defChipkion
e . . . HE'T | Bt o ithi
overs o pad HRRESE CHA B AOmRaRA NSl nds IR pETEAEEBERLE s

i ncl udes aan iust ttgivey eratiziot ain & | dmB-imadeedsyen under very high
velocity conditions the fiber bed of the present invention is able to
extract a large percentage of the aerosol particles fromthe gas stream
[0075] The fiber bed and fiber bed collecting nmedia strip of the present

i nvention provide several 'advantages. 10 It has high efficiency at |ow

| oadi ng and | ow gas stream velocity, with very | ow pressure drop across the
fi ber bed. At thicknesses of perhaps double those tested (e.g., 1.2 inches
or 3 cm conpressed thickness), collection efficiencies in the HEPA range
(99.997 percent at 5 inches 15 of H20 or 1.25 kPa pressure drop) may be

achi eved. Moreover, the data support use of the collecting nedia strip at
hi gh gas streamvelocities. [0076] In view of the above, it will be seen

t hat the



several objects of the invention are achieved and other 20 advantageous
results obtained. [0077] Wen introducing elenents of the present invention
or the various versions, enbodinment(s) or aspects thereof, the articles
"a", "an", "the" and "said" are intenled to nean that there are one or nore
of the 25 elenents. The terns "conprising”, "including" and "having" are

i nt edadistchiny@ is:ncl usi ve and nean that there may be additional elenents
other than the listed el enents. The use of terns indicating a particular
orientation (e.g., "top", "bottom', "side", etc.) is for convenience of
descni ptfibenbedQussnblydfdes fibert bed @Rikt dlighirilyt ubal th ir€rhidv@rac@bdle iidadr vadited bolihe sdlidem

descr.i bed. WO 2006/ 074383, PCT/ US20, 6/000482 8 variou

coul doBe? WAYRE B3 SR, a{g%g@f%ﬁ‘ RYSERR Ya%‘B%ffsmgh@%‘g?dea wl? A}ab@g afwaflrﬁégmngq an
| NVeRpitRim spdce hﬁ?d a adwr@maﬂspmathe all inBAldi@ropEiidsahed@fl td Ferhil @heaéﬁﬁ)b‘t&am to move
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2. A fiber bed assembly as set forth in claim 1 wherein the outer layer, inner layer and intermediate layer are

free of any fixed interconnection with each other.

3. A fiber bed assembly as set forth in claim 1 wherein the composite fiber bed collecting media strip has a
width less than a height of the fiber bed support wall, the composite fiber bed collecting media strip being

wrapped in multiple turns around the fiber bed support, at least some of the turns extending along a spiral path.

4. A fiber bed assembly as set forth in claim 3 wherein at least some of the turns of the composite fiber bed

collecting media strip overlap adjacent ones of the turns.

5. A fiber bed assembly as set forth in claim 4 wherein the adjacent turns of the composite fiber bed collecting
media strip are overlapped so as to form a drainage overhang at the location where the adjacent turns overlap
thereby permitting a lower edge of the turn of the composite fiber bed collecting media strip to drain liquid

from the turn.

6. A fiber bed assembly as set forth in claim 5 further comprising a layer of drainage material disposed
between adjacent turns of the composite fiber bed collecting media strip and projecting generally below the

overhang.
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di aneter of about 6 mcrons or nore and the internediate |ayer conprises
fi bers having an average di aneter of about 5 mcrons or less, the fibers of
the outer layer, inner |layer and inteflnedi ate | ayer being nade of gl ass,
and the fibers of the inner and outer |ayers being needle punched. 2. A

fi ber bed assenbly as set forth in claim1 wherein the outer |ayer, inner

| ayer, internedi ate |.ayer are ee of .any fixed interconnection wth
each Tob R@?f bed asspimbly g1t g 1&%@% %f§°§‘8‘i‘S“F ‘PPF“’FSPYS‘[%G‘{‘&"P&WF@&‘F Ogafed in
CONP@ErietA fdpp@r-:d Redios ilhgRttiong oMdidehiské la@eﬂlﬂﬁje@mg\/ﬂ'dﬂ{ BetlvemSadadden uﬁcnsh@ﬂ tﬁ@t
of the fi bed sug port wall, the conposite fiber bed collecting ned

Stri ﬁOfB%qSH‘g begbsth pallgcting mesia 1 Br rerrinEe caRiwRd ligwd apd wélfbleo%d%t?doﬁd#%medaffom
Ieastthescpz{mdggiaygmwtdéﬁnﬁagﬁg@e@ngh@g along a spiral path. 4. A fiber bed
assenbly as set forth in claim3 wherein at |east sonme of the turns of the
conposite fiber bed collecting nedia strip overlap adjacent ones of the

turng, AEﬁbeA)efi RembRed sa%m |ché1rﬁ‘$ “:h@ﬁemftgé SRribfoClaptan: e fibet B Bcagent

turns of the conpoSite fi | ecting nedia strip are overl apped So
as t anefligsHipds Wf&ilﬁ&@e‘ﬂ'@b’égﬁé’ﬁgﬁ‘saﬂg thh &bgrded atitenlogaien ef thpevedap-acent turns
overlap thereby permtting a | ower edge of the turn of the conposite fiber

bed coIIecting media strip to drain liquid fromthe turn. 6. A fiber bed
assefblhyfibes bsétasqemblynasi s¢t dorthi i Gaifny¥ twhereine bepverdpaipe sadiaggné turas ofi ithsi fikeg ded
mat er, hile

col | elé]ﬁcﬁﬁgjé Irﬁre&]gégg%?ér%?% a&gl %gtotj%g%{éfl ﬁﬁgotdgg%éfr?%e G%ngow t htts(?x lover ﬁ.léj%gq 41 7.
A fiber bed assenbly as set forth in claim®6 further conprising a naster

| ayer,,0 I a 0,
portloné‘@%?%ﬁﬁggmga%a 391%bgﬁéggg?gg?vﬁgpﬁkd%%ﬁgﬁﬁégﬁﬁgghggﬁgP?@ﬁ¥%%§t?dth
conpaesildceng miha stiyebhve oh bechp nfperveetn abamit twiopndhes (Srlemdiavd atgputthpe incbes (Bcmyi d and
soluble solids to be drained from the drai nage | ayer between the adjacent
turns. 8. A fiber bed assenbly as set forth in claim4 wherein the overl ap
of adj aztﬁbetr bbdllﬂsﬂ&nlﬂfr ad deefofth retlaitmelwiondih the outeglaydriel iadisia thepeon Sorausé ini adi'gm'm ato
i nhi as the fi ed at the |location of t overla

1 beronsufii SERET e dotfing BRFpef SOl ind, PELaART Pre i 0 by TR S8 464t
tur n%olﬁﬁchﬁé’lﬁetﬁd hep whiethe peotdigCiuinng tH¥RBinposttt fibdd bbdwdleamgavdralsajp. of bet ween
about two inches (5 cn) and about six inches (15 cm). 10. A fiber bed
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longitudinal edges generally in registration with each other.

14. A fiber bed assembly as set forth in claim 1 wherein the compressed thickness of the composite fiber bed

collecting media strip is less than or equal to about 0.6 inches (1.5 cm).

15. A fiber bed assembly as set forth in claim 1 wherein the fibers of the intermediate layer have an average

diameter of about 4 microns or less.
16. A fiber bed assembly as set forth in claim 1 wherein the fiber bed further comprises a drainage layer.

17. A fiber bed assembly as set forth in claim 16 wherein the drainage layer is sandwiched between the inner

layer and the outer layer.



fiber bed collecting nedia strip, the fiber bed further conprising a second
fiber bed collecting nedia strip overlying the first fiber bed collecting
media strip. 13. A fiber bed assenbly as set forth in claim12 wherein the
first and second fiber bed nmedia strip® have |ongitudinal edges generally
in registration with each other. 14. A fiber bed assenbly as set forth in
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fiber ass as set in cLalnr 22 wherein the fiber bed collecting
medi 6;281%‘ ﬁbf)r be, absle@gl[yéra set forth m clalm 1 wherein fibers of the mtennedrate layer are free of chemical

bonding with each other.
23. A fiber bed assembly as set forth in claim 22 wherein the fiber bed collecting media strip is pleated.

24. A fiber bed assembly for a fiber bed mist eliminator used to remove aerosols and/or wetted soluble solids
from a moving gas stream, the fiber bed assembly comprising: a fiber bed support having a wall defining an
upstream space and a downstream space, the wall including openings therein to permit the gas stream to move
generally freely through the wall from the upstream space to the downstream space, the fiber bed support wall
comprising an inner screen and an outer screen arranged in generally opposed relation, the fiber bed being
disposed between the inner and outer screens, each screen comprising a mesh including horizontal wires and
vertical wires crossing over and being interconnected with each other, the screens being arranged so that the
horizontal wires of the inner screen are vertically offset from the horizontal wires of the outer screen; a fiber

bed supported by the fiber bed support and generally covering the wall openings so that the gas stream passes
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t he hammnﬁgmhegmn@er bed col | ecting nedla strip; and an |nterned|ate | ayer
sandwi ched between the outer and inner |ayers, the internediate |ayer being
non- needl e punched; wherein the outer and inner |ayers are joined together
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equabgt 8 ARPHLd dolidctindGh&Ra &dp @éMket forth in claim 25 wherein the uncompressed thickness of the

composite fiber bed collecting media strip is less than or equal to about 1.2 inches (3 cm).
29. A fiber bed collecting media strip as set forth in claim 25 wherein the outer layer and inner layer each
comprise fibers having an average diameter of about 6 microns or more and the intermediate layer comprises

fibers having an average diameter of about 5 microns or less.

30. A fiber bed collecting media strip as set forth in claim 29 wherein the fibers of the intermediate layer have

an average diameter of about 4 microns or less.

31. A fiber bed collecting media strip for forming a fiber bed of a mist eliminator used to remove aerosols



29. A fiber bed collecting nedia strip as set forth in claim25 wherein the
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35. A fiber bed collecting media strip as set forth in claim 25 where in the fiber bed collecting media strip is in

a roll.

36. A fiber bed collecting media strip as set forth in claim 25 wherein the intermediate layer comprises fibers

having an average diameter of about 3 microns or less interspersed in fibers having a greater average diameter.
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42. A composite fiber bed collecting media strip as set forth in claim 38 wherein the composite fiber bed

collecting media strip is in a roll.

43. A composite fiber bed collecting media strip as set forth in claim 38 wherein the uncompressed thickness

of the composite fiber bed collecting media strip is less than or equal to about 1.2 inches (3 cm).

44. A composite fiber bed collecting media strip as set forth in claim 38 wherein the outer layer and inner layer
each comprise fibers having an average diameter of about 6 microns or more and the intermediate layer

comprises fibers having an average diameter of about 5 microns or less.



46 45. A conposite fiber bed collecting nedia strip as set forth in claim
44 wherein the fibers of the internediate |ayer have an average di aneter of
about 4 mcrons or less. 46. A conposite fiber bed collecting nmedia strip as
set forth in claim44 wherein the fibetos of the outer |ayer, inner |ayer
and internedi ate | ayer are nade of glass. 47. A conposite fiber bed
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turns overlapping adjacent turns the fiber bed further comprises sealing material disposed over the fiber bed

collecting media strip at locations where turns of the fiber bed collecting media strip overlap each other for

sealing between overlapping turns, the sealing material permitting flow of gas therethrough.

50. A fiber bed assembly as set forth in claim 49 wherein the sealing material comprises a generally cylindrical

roving wound on the fiber bed support.

51. A fiber bed assembly as set forth in claim 50 wherein the roving is located only where the turns of the flat

fiber bed collecting media strip overlap.

52. A fiber bed assembly for a fiber bed mist eliminator used to remove aerosols and/or wetted soluble solids

from a moving gas stream, the fiber bed assembly comprising: a fiber bed support having a wall defining an



bed noving fromthe upstream space to the downstream space, the fiber bed

conprising an elongate fiber bed <collecting nedia strip wapped around the

fi ber bed support, at |east sone of the turns extending along a spiral

path, at |east sone of the turns overl4éppi ng adj acent turns, and an

i nternedi ate drai nage | ayer | ocated between adjacent turns of the fiber bed
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as set forth in claim55 further conprising a nmaster |ayer of drainage
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adj acent turns. 57. A fiber bed collecting nedia strip for use in making a
fiber bed for a fiber bed mst elimnator used to renove aerosols and/or
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conprising an elongate strip forned of fibers capable of renoving aerosols
fromthe noving gas stream the strip having opposite |ongitudinal edges
and béiadibal eddssemblyce verfomlgint diemSdpperdn it pugdcting pdriomnthp imgmadiate dchinagh e
supp Jt strueture lsmguf£|§le overl apping turns, the strip having opposite,
gene aﬁﬂ§ ?F 'HF8&8 at W &st one of the faces havi ng an al i gnment mar ki ng
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| ongi tudi nal edge. 60. A fiber bed assenbly for a fiber bed m st elimnator

used to renove aerosols and/or wetted soluble solids froma noving gas
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defining an upstream space and a downstream space, the wall including

openiiyyetasds And/er petedi Llubltesofids figtr eapving gipvieam, the fiber bed being adapted to
generally cover a support structure of the fiber bed mist eliminator for generally blocking flow of the gas

stream through the support structure except for through the fiber bed, the fiber bed collecting media strip
comprising an elongate strip formed of fibers capable of removing aerosols from the moving gas stream, the
strip having opposite longitudinal edges and being sized for covering the support structure by wrapping around
the support structure in multiple overlapping turns, the strip having opposite, generally flat faces, at least one
of the faces having an alignment marking thereon located a distance from one of the longitudinal edges of the

strip for aligning the opposite longitudinal edge of an adjacent turn of the strip.

58. A fiber bed collecting media strip as set forth in claim 57 wherein the alignment marking extends generally

parallel to at least one of the edges.



generally freely through the wall fromthe upstream space to the downstream
space; a fiber bed supported by the fiber bed support and generally
covering the wall openings so that the gas stream passes through the fiber
bed noving fromthe upstream space to 48he downstream space, the fiber bed
conprising a conposite fiber bed collecting nedia strip including; a first
| ayer conprising a mat of fibers constructed to provide structural

integrity t he fiber bed, and col |.ect orte the first
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| ayer , and collection |ayer being joined together along at |east one of
t hei F98%ngi t udi nal edge nar gi ns.

60. A fiber bed assembly for a fiber bed mist eliminator used to remove aerosols and/or wetted soluble solids
from a moving gas stream, the fiber bed assembly comprising: a fiber bed support having a wall defining an
upstream space and a downstream space, the wall including openings therein to permit the gas stream to move
generally freely through the wall from the upstream space to the downstream space; a fiber bed supported by
the fiber bed support and generally covering the wall openings so that the gas stream passes through the fiber
bed moving from the upstream space to the downstream space, the fiber bed comprising a composite fiber bed
collecting media strip including; a first layer comprising a mat of fibers constructed to provide structural
integrity to the fiber bed, and a collection layer supported by the first layer, the collection layer being non-
needle punched, the collection layer having a higher collection efficiency than the first layer, and the first layer

and collection layer being joined together along at least one of their longitudinal edge margins.





