
$[P:9 0

l{r. f,,1sssll Odell
Pollutlon Control Board
309 l{est WashLngton Street
Ghlcago, IllfnoLs 60606

Dear Mr, Odell:

P0llur8fl g0ilIf,0t 
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@ntro1 efffclency for,_extstlng,elevators wlthln i ,

an l'rpA area tn the- oprnr.""-ir-irro:srry lr[-r-"i-if rhe TnskForce should be 987 i";re1a-n t*'ggz,,- iv',ii"ri"s gar ro bcthe guidr^ng criteri" ;;-;i;u;ior nas a conrror oprton avall_abte, atthough admt cced.y-;;ri; ;h:";;-il;;."; use htgh:fl1:1:"-y destgnea cycilne" io 
"urres ro meer rhe conrrolpara*eter. There are very feu cmira"i""-"'rriii Jon nee' andgusr4nree rhts q1l-fo1.mal.cl trur lf,ii.Api"ioi**.rris oprronshould be lefr open to rtroser;fillng 19_ris!< rhe capi"ral,The cosr of cyclones*rnrCiairi-i:,gonstderabty iu"", and asreporced rn plldweci 

Fgserych irrertrute *eporf,- the natnrqnancscost ts abour one.harf-;; ;A';;rtonrors.'-niairtonarry, rhercraould be li_tcl.e, tf any, 
-offl"l-on 

atr qtrat_Lty.

I'tatnralnl1g. gh: conrrol paraeerer ar g9Z almostprectudes rhe use or hr-gh cr*cienlt-;;i;;.;- ;" '..r he'shown LaLEsr, rr is.""" Ipr"i;;-;;;;,d;-;il;;rn[,uy 1% ofrhe conrror parameter wr"it ,rol irro" any G,uss change Ero'rbag houees co cvc'ones bur ;airti" rr aliows-rt;-. r*lrr.ngto rlek rhe caprral lnvcsr*"nr,'-trr" 
";;[;;"";"iil.orrrngcqulproent r'ihr-ch wr-rt have o uoir"r *rhi*i.nly iu"rr,e rr*LLEe, nnd.'rrh a conslJe""rrru-iJ*s rnridi-.ipi*nr, maiu*trenancs, an<! operatlng co.ti, 

- 
frn** rrag_*orio;;;;, ,rcqutremore horaepo!{er pr bfil, Lt ts i**n*r* of r:nergy to r:cqulrcthts +rhen +rc can sec",nilron hru u,*p obJcettvE""i lorr*"rng , :

:l: #jf : 
r ons rro'n nn iniounrii-r,y*.[";*;-; ;"f; rfi + rnoren+y

Raf,crrlng to thc attaelulent* f , Z & 3, Lt can beseen thdr rhs'parriclo,*u*-jiii;trr*iiinrr'"i ioil <lusf,, lc : :.:: 
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Mr. Russell Ode1l
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Sep Eember:,; 7! ;, . L97 4

gonerally larger than 44 mlcron, the range is from 84 to
997, Larger than 44 micron. Atrachment (1) ls frou permit
inforrnation furnished Eo the permit sectlon, (2) is cor-
resporrdence.fromEdCampbe11and.(3)isfrontesttmony
iubnttted ar the heartngs by 1'1a.,Detweiler.

, I The attachmenE,on''cyclone efffciency ls fron an
arLlcl"e publtshed,ln Chemlcal Englneerlng, January 27', L969,
entiLled ilDust Colleetton.Equlp'nentr'by Gordon D, Sargenc.
On page 141 of thls arEl-q1e'ore''see "y.ior.* efflctency, r.-
fer to the one.entirled Hlgh-efficlency Cyclones. Cyclones
can achleve a htgh collecrlon efflctency and Ehe record '
demonstrates fhle, Dtr,'lIe[kovlc, in an answer to,!1r. l4arder,
testlfled,as foLlows: ",..' : ::'

t', . . And I chlnk lrtth a slngte-
stage cyclone I can coll"ect abouE
97 Ll? to 98 ,per cent of the dusE,
uhtch you can see JusE a llttle
btt coming our of lhe cyclone, shLch
I Ehtnk should be satisfactory for
everybody. . . .ll
(Lasalle, IllLnoLs hearlng of July
L7, L974, page 949)

On rhls querttqn of cost, we can refer Lo Table
VI on page L47 of the,attached Chenical Englneerlng artlcle,
and we can readLly aee that the lnstelled cost and operaEtng
cosc compar!.sons bf Htgh-efftclency cyclones versu$ Lag coll
leetorr, The tofal annual ccec of cyclones bag h,ouse rangesl
frorn 3,2 co 5.? rlrnas rore for bag houees than cyclones,

I cflnnot aee how +te caa Juuttfy saddLLng lndusrry
+rlth thc onLy optslon of bag houses for confrol of hacLeally
a nulsance problem ar these grealar costs r+hen 1% lcss cf-
flci.ency r.ritl allou an €leyaLor. n snull- opllon at a grear
ravlngc of hoth 1rrl.t14l cost annual operaclng cost,'', Refer :

to lid Canpbetl's lettcr of July 31, Lg74 to Do[ llaschemeyer
tLtled, rrGraln ELev*tor,E$rlaslonsr" pagc 3 under, expeeted

.:. : ' : : . :. ..:, . , .j,.::. .., ' : :,:,i:r.,

..'.=,, .';;,.,:,::..'.: ' 
t, . . -. I . ','. '- ,: ..a,.,:,..,,i-.-..,:l.rr:::.;-......;t
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JDIlrf.
Aftachments

September 20, 1974

emissions - By decreasing the gg7, to ggf., we .i.ncrease theenissions fron 17.6 1bs. ro 35.2 lbs. which is scill belowthe 70 lbs. which he calcor"i.a-"" rhe naximur "rii"";i;-under rule 203(a).

for considerarion of towering rhe confrol ;;r"*;t;;-;;;-id;"
jill"3rli:".?:1.il1u1. 'rtt srnr crean up.the environmenc

I an also enclosing a deflnttion of graln as rtas
requested by you. t{e soul-d appreclate that all chese docu-

frl!]r|l 4ade a part of :the grala handltng regularions record

&
ltgr

Stncerely,

,^o,ffis'*-
ry Defneller
. Process & Fac[Llcy planning
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GRAIN: Graln'as herainiused includes the rehole kernel or
t, il

seed of the corn, soybean, wheat, oats, and any other cereat,.::
bread or o11,seed plant;,and shaLl lncLude'the nornal'fines, ,

"i"'dust and forelgn macter whLch rcsuLts fron harvestlng, handling

or condlclonlng. The graLrt shall be un<terstood to be unalEered

by grlndlng arrdlot procesring.



';l:, l

Sgrlrts-oulr

BFE-r-t'jntct
=.#

-' . r, irL -r. t '.x, ',4
Oggqztti+ i/t,

vtdf<6tu

E€7'/10-rE2. d' e€T4rrr& oLt pgt:tt1g4 on,

7o o7o&tn o/o' Z.Lun. . o/o o.r"Cill'l

t-<r 94,3 t +'3 17,7 /7,7

i0xto9 3.a 7e,'l le,l- 30. I

^v7a
6r9 7f: o t3,a +3,1

*lg o.9: qq,, /4td s7,7

*? 2l o,I l0o".o 3/ 3/, la, t' 3.€

2t-/4 26 ST f3. I e 7"G

t4 22 8t 7'o gb,L

lo, q/ 3.o 9i,6
{,*4 ^1 ' ?+ Ot* IOoto

,/.^7*
; -"-'
') -l

2 'q(
3 qg

I I loo
retay'.#'ii,at"t
ledzw-lXUrftl*i.l-A*t

<-Y. r ch. cf
4 :2?,t Z,

Ltennlaq t tcTl
f6h 5c,o id* A"

tfPlEY aH,(2,

\usT.rlt E igdg/,tr"ct !
:

. one /try QF arETEr? e /W€,PAfiS
19_&trs,f?t.r"+Atfr



i;*ntr*"ss DrYer nhrct'sasple -

tl,j;ixon' Si:z9 Less Tlran

?CB 72-2L5 J'leldon- Ccrn Dust Sanple

$tcron Slae I'eas than

Froo TegtlqonY bY Dr' Hatkravlc

z uY wuiet't t:ltI !'t :. ,13.9,
' ' : '9'1 '

44'5
' ' ' '5'8

1I'?
, ,r 6,.6

', #,, ,',99.98

105
150,
335

1316
Lg23
2945
3125
3906
5469

150
1000.
ljoo -

2500
3lL6

2,O
19.5
24.5

, 18,5

$?.{
L77.O

f by tlciglrt ,l'lIL.O
13.8
,I0.5'
'63.6: 1665

II
i tl

Itr

ii

i



.-::::lj:'
::.-::..::::.

a::.a:..::

.a4,
}\.
fr ur.
o -.

':t'l

'n B':l.FF ..,'N.O -r, ,.orl'.:
o
B
:,..

Fro
t,,
N

,, flrl
t!{
n
nocrl

r'

tsrttfrNH
GI
Iit

Fntl(1lel l-l
f|
H.

:

fa tr,| 'flll|H
hr

NHqrl'|,J r.ua':
{):('t,
I

:l:

Yt:

B
Holl:'

. - ,: '
tt
r!
D ::tt
l-ttf,

:=.i: j-- : r.:

3$ F s s x E H fr 5 5 H g g s $ s g, : . ., ,,

3 | S,t"t.t i',t.,r'" r r' | | | | r','r,', ,r .,,,

l': I

F,t' y I

lel , t' {..

I

I

: :1'-
. :l

ItlltrltLrpraLrur
!. ? r ;nrONig

..
.::

| | 'H Iw(9
:l

I

t

t

lr | .t Ig. ' Jo 
'r | | g I Fts{i-i-

:

tsltr
.F ' P" I I p I Ets{i.i"

F,.l
I'P'rtPtFbotirf"L

:

| ,4 F I t, t IurNl,|.. , . ;-

tsa
I

H0
ct

tll{elol
"i" 'f

lat!

ts

aa
6

Hrt(,
rs



Tn: ilil
*;*, ,,$t{oa

trrr- 1F
tliiatli3raf n

:: ::l

'..b
:.

.:.

i,;
io'

.,j4
- 

,=.r z

FUTUBA J 
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CAI{ FABRTCATE

ALMOS,T nnyrglxc
you fiEeo- '

AT A MUcH'[otyER Cosr
THAN YOU MAV TI{INK

'of lfibhlghlt+a$llst;ca1*o;*r"".:, " Gailcruriief9f'osrnewbrochuru-.',..'.,,,'1,.

: *ii##1"Lt*:ri*:F?'?ii{, ;ruii *ffi - ::'-:
li;11;'ff;,'f;;!'f[,:tiea*t1o+rcist'r 

. ' isji rrorii.g.lorro srreern *uril-,.r,,,'-,. ,. . -.'-
l4fe're sperrarlrtr in titpnlurn rrvllh 

cal'f' 9150';/phone {213f snsetgc"

oyff lrlltraraoiorprrienco"Orrcom- #ptrlo producfpn fanititisi and otoclre
or both comrns,crrrrr.pupsrnd r,rrod f .tt fgr tsfl. Jl^m.{U U.[[tifaniunr aro aveirabri ts uw-ic,w^ ilifiriri'c'i"ritrrut'dffiifril"nii,i , I

Ctrclosg8orficrd?r*orylorCrrd ., . I
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prolrlem ir ro f"rl, ir:'::-ine ani cc"::'-.-: t;.'ec:i:il
arrd grrrult;!:i-. ei--.:-.:1"--:'.s- l{ L'.e eri : ':. :t '--: Erc:=6
of ft!.1t p*:-,1:'cd, ot ii tle dus'. prc; -'.: :-i I :.rit:5f'
harird or =::i:rlce. rh:l a toluuon !:. j,-:: ^n 'r'rlr:.ll'
i:rg the rnri.:'tl i'"st rrlleciion t4ui7:l*:l s.::-r+o-d-ri
avaiLrLle ir rtquirxi-
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Bdorc ensiC{rint cqiripotnt'for ccnhl o{ t}j|
emissioc.. the nllounbis tmi:iiion muri bt dlkn:ba<i
in order to crrnplete filino's Air Pcl!':dor C.rr';ci
Bard Fono "'B'! wi:ilh is requir.d ia: ail nk'es& :

',faqlfuule sourccs (Fig. 11. Ttra procr*r qtiiSl er"'a .
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FI.LLITION" (Fi* ll|, . ' .

' tbr
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bE dqt*raolsld-
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CItrl00fl B, S,{F$ft|||} f&snro €$*rra-rE$ Dir,:Si*nryr{ *hflnqsC* Ai+q!fir.{ q{,

fur plriog a dud r,o!k'e&no ptMaru, *n rmgfutn $&srlfts rnrr lod to * r*{dc trrldr oS rnutomml for
t4orl ltr{ c'r'riurlo hh r'ns ritt*a.tioil ilr firqltv !,o *tls{ rrfiit[r en6fu4Ea{4g pr{*enplrr *o *ld_rr tlc{ins {or ,ro'tt* rno* P@$u"r tll,u rif cdirnto*, f,gt or6da n'"irrf'Ul" rhr ffit*,ff"qd"*+;*cq;ffiir;;;.
Sj-Wel'rr;9rj?r'ijabif fertr.rrort tr.wwr Ehrr rbo ufardrswr r**t t , ,nl;ol irprrll* #;4dililir;, ,

1gp-w "*4f I* ilarlgrorlod ist€pesiioa, ,tflrY *rql fe pnformlwra firira$tsm" ;|'rll'-at$ s fl*{'ianiauf aq.{xp@r *dqual, }u,it{b!+ crr,clruelng og*rp**f llipors*trl lyma *ill lu,rdtr
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ftlmtie5 a d.u*l mf,onror fer efardag E ptrrrshs g0r l/ef,{m is"
T'lrtn{t,*q6 l,ra r chul$vigir, $.,",,na aqd$rrrlt insy lry t}'rt e*rlr{f.Er.it {Eri r,l' r ffrSilt{iEif, sr,s$a (1&rii,n6if8 iFsy lty l}u$ qoalneqrlfltk,fis nry uirrruy ff*n4tn f,F rt*Flt,; *l Sr$ +rdmlter-grul.m"lm4fr #Eahr{cu,lr. rd grr ff,t4rO grakr r I Igar Suw-ontf roli6{ifiE d{Sdrrdf.f dly ba r}rc eualirr 
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-$ele*tinu 
a dusl collealion syslenr Es nor ar slrolghlfonrard a pmcduro as choosinn

1-py*9, or hcat erchangcr. fflero is a guido to rh* comote;tioi;iil;,;;rr;
trlnds or erlriprnoni avairshrs, rhe lobs il,ri u,ry-J"#;h#y;H#'ffi,r.

tq ry pcilrtEwr lr'n'l *ad ,o d6o up aa uadgffiyttrt&plnaaa. . '?--'

f{ulgmrnt fuplicrlisrl
ffi: 

^*-rljffir*ynr eurt odlasbr arrilrb!+ fsdryfrs -$r'e6ulmrl ln Table f, Eqr;Jprn+ut Agfr$Codri
Trridc,-*rldcifr lJn,ptfer e ru*&i ef llln ,rliJl*-ilil
lry.d* -S*ll, Tt'u *di!e lc nu*AoA ro il ;;_i-;;;ti& 

-dAcrfptjionr" rt{,1u&U.haf *,t @r{*,ri, *",#tlul fpllow, ituigrr 3rnf l"qli i-t*UlJ'il ,;;;rtlr,ur lrut nalua;rlly lr,r7 *+1.4 
"t,b$r fw 

"J,irnJr,oplhntionr, $wr fuar.&svu*i gr 
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Jp#'i: -td,c rcfsmt'nr ct ttrs rsd c{ *,Jr n #t't"rifr#
f* F {ry.,1 l,rrrrl ln ,Ac Eorf,uoslsq{rl f;6t#ing Ded&o',lt {Cl,<at. fa.ry'., Oc* fl. iq6Ci-#g
fTH * +psrriiift! rrr,e*sfrI tb;;!r#fi ,;i4#;pdcfgcd usli{r *n.l stir{ca*ft{.
, natf$taurlt+ r.f tlra thsaml tl*$ 6{ **leAq Osotc gr$l4 rw"par.+,! flrr *rrans ff fu *rrr.fr d;;;
€r*d! F f*rrinnd.rle r&r.{m.cy, ffg, *0, Tl+ d+d:utr* etcatu+,! lat $ru.rraudn fi s#,fi*Iil ffidirt rtt$ &rr+*drrinr rr *boxa to iril;t;- - "'"-

$rrl-&i6tueol ioi lrnordurer g{rr i+&t+}r ditrEi*,
iryry * rtra riie* dur!-dut l5dtter i"tuA 

""yfr8tE lrfitu rlrafrnuti pudclc rheruftirtfuf ea{ c,rcti
F&il(Ir_r+r hrf !t ddamu li&checy.r*ntr erA*
!l* u1aul r*ilh euiloo r+if ,crr ddff"arsal rporo luliy
l€ | llk rc{fu #{ ."hjr lsp+rt"

Dtrr fitfnnst coufcrofit
.{ dry *o$re{,or bar e+ltdg adr:aa-tt4;e1 owrpa.od
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e Nrj{ Tlk4{tr" lf th{ durt {r s usdul rtdau+dtry {rl'uaiil,4t +lrc,r th6 rurt c{ rcpr,omdap !taa.

ldr.ri+laar durt

9i{!€. *o,'.ry+. t.
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Priwiph-ln lhe mort c$mroon araagcmm[ lhr
gru calrtrr lho clclnre lengcntially at th,r top ol lhc
crylindricrl rectim rnd rplrelr do*nnrqd hto ih€
bDtrrmr ,rscfilHq rlhi& h uruelly aoakrl In rlupa
Ihst prnider, sfiich lurr * grcrter applied cerbif-
ugd farw lh:n dts gtr nro&orfus. acqrrnuhtc at thc
waU and elu crnid douq hcld agriait thr sall by
lbo g.r rtlocitn At thc botros.:r ol rhc cphnc Ae
gr.r rrgrratr* frm lhc durL llnvs boclr up in E soetJtt
$p|r l .Ed e*i$ at tho toO SoUdc *r+ aolksterl io g
lspgd rrrd rcmotd L,y a rotrry ralrrl rcrtnv cor.
ra?srf o. oxlrct nldr meur. (Fig 5,)

Gonunadr-G5Sotat at! o6p of t}o molt rvid{y
trs€d colhorr Tho *qit fu lnr* colr, hrr no morfug
prfr aod crn br oartrraled r*iA rrhrctory liolrgl
Ior ftfgh &rn$rrrturc, up to ljt@ F, Ttro coornm
rtrerrgalcat *lth trngentirl |nkt aed ad{ urtlctr
for durt and c{ea g* ir rhma in thc rchemr$a
4.gr"q $It t, Unfb cau ba dcripcd {or hlgh
durt prprcity rt nxrtum e{Sdrnrdtr ma mafum
Irru$ro dbop, ll,gh e$.cieqqier am obt{ised qi.ii.\
rordhr dirrdarr md lrtghrr leh,r{der, r,,irl* lo
lum lalL+ lrlgbu prarurc drqrr, EEe{emier of thc
Egh'|ftlt$ghgut aod highascm.f qr'oo+.1 cu
bo courprnd io }1g. 10. Unirr rury bo ialtrtlcd in
prrelhl for laqgo g,rr l!,uirr qd in *rim lor hlghcr
c$Hcocio (c for Lotlr adurntrgcl" tn aqmbiosd
r+rt*-pxallel)" , : ,,': ,: ::

C),clona rnay Inrio variour oonfiguntioru rnd rtill
ry.:!t ca,tha *r4o.hrio pltdplG o[ ccnblfugd

6lk*n d{r5 C&rh.r6r

Tlr5*:1id irJ*{

,j. .:

' :- ::
i

Cmicd ra?pifq ls
.-{rrrrod! kaniitim

lrum 6t*ilsfi6

"g 

lpftEd tFfutl
:'::' : ..1

'i

Slimning0hambaf r r , 
,

/:lttutpla-{Jrtn derfy pr rrnogr rs&$ a wolt
tillgerUrlrt dra dmt b sur&d to lbo pcrlphery bf
lacr$r. Coooeotnt d du*t ge$ Il r$lamad by rtl{r
and led lo e durl brppa'or *cmndrrT ooltoctor, lba
deanod grr rhcga froo tb.o horrpsr tr mqlArtd
{9 t!r!leeviog '.dally fion tle dCrnolng chr.o]s.
lFig 3.1, Gpn*ns*Dry osltlcto$'of msalttrrn @dcryf
*u& er ll-rir onc hrra aa erilf* firlrqf tlut rtlll
prabebly nl{ sr$/y ra€tt rsqlrhEn!@tx oi dr$t oL
lsdlast A i+c'?adhry oDUFrlc. qxt $rcll bo requirad,
lbo ddmlrrlog dgaot'a beirg u*cil {o ralug thc lard

$,66' *o* lillt a'e +aial ioro,rhe tr$oodff)

lauvcr:Iype (*llctlw

Prtndplc"Gzr prrrer fnto rlrt'wt<lo rrd of a nndgr
ot fqrrs aod rnurt lela e drrm beml ln odrr |,o m,toaor ooru aod rnurl lela e.dury benrl ln onrlrr |,o rrclpa
tl,r.otrgb rlotr s kruyrr* tn th+ rydlr. 'lta brger prr.. s$q,W tlolt Gr XFlrct{ In In+ ryilif. -lBd ll{gff ptfr
tlelrr alo canfud lry lqflfir ra thl mrow cod cf
Pr t'*}ry yrbqi nnry ry pu'gdd E{rh a rg}rtl
frecrion of tho gar uolrrl" (flS, 4.1

Gomment.tfifi oolhorurnrll bo followed b7 r
rt@od oolloeH, ssir nr a hi$r.rffidmry qryrlooa, to -
rcprotia tlry durt frprn tlw gar, Oor euthor ($ffiug}tt '
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rcpralies- Gar enby rmy b taageatiel s5 adrl eas
crit tnay lm ,e".rr:al or arial o6mbtrcd $fth a pr€ss''6.
tmvtty d*u're- Durt c*it nay bo rlitir c", ruru"
ot lor s,slidr only, ni..h tfi+ ocafguration Giida;l
or peripie,ra!" lle *iorming cUrlotrcr, muttiJe cg-
done trjbes, *--.d t[e t di$olr, .r-loru io i+46;
in ibe slro.J;ri eierign: ', : , :'

,,llutliFle Gyclone : 1",

Itl;lciple-.Siarr- trne[.dfime{fr otbuer ir6 mtrc
a$d€{t drrn large oaer {oeoffiiJgal ftxro for a
givcn langenlirl relocity r:rrier inrsrely as the ndftrsd tho clchna). beslrof rmell (10 ";. ., 1.", ,f-
cwret lre arranged in perallal rvlth fccxl sar [r@ |
pkorm ctarnbcr, lHlg- O.l

Gommcxtt-"Tits mrpr rdrautrgc ir hfgh c$Abcy
-tha dirarlrrortrge il ptuggirog of tlro rrnrll tube;
Ifto iodir{Cuel rrnrll c1rcloec docs not oDera*a rr
$gqtff fn nulriplc iru.trltitbn ar it rruulrl by itrclf.
Thir differcr.@ arirer frwn unaquat gar or rturt dir
trttartiotr to inlctr asd rudrdtrdor oI Srr from durl
bopper bark tlrrmrgh dutt outtdr. bonr*u*r1".
muldple cleh*tr rro bct olrhlsod fmm a'rnanu.
frchrer as a rurmpho unit ln order [o enruro giooddadp- , ,' -'

grc?sitillrl

Equlpmenl $cleclion checHi6t--;Tobl3 llt
Frilor m t ncs and obf rctinr

Inltl gpt relsrnt
Clltdcnq rc4utt+4
Colhalcd cantr,T'lnrnl hrndthg ot dis9o651 6on,' OF+nlinE, Frcsrvrc rnd allasrt$o prc$u'! drog
G,ry$uou: or Inleffirillant .pef'$gn-tr.qurftF, gt

: guilrrpJ
Surgobrdz
oilrfnnbft
ArCpbnao lc*tr

, lrrrldrrrlrtglrtJrf ' 
'

Far$clc *l t.a a ad & rbibvttwr
OrrlqrllniittFfrh'. . ,:
$osrf.or
llandiing aft lr+ctadcthr-rrodoil. rbfr$lon. Irongjhlr,

Itooculsrt 
.edh *itta, el4..*T, Anfy, britfinX

fl@tttYYal'ra
f,I'UE$J! or lutry chrd+trrr{rlicr inrtudlng pH '

ntihdcn'Ef'ry
Ortchrylctadtlkr

compgrilign, .fi r"je*ulrr'nd&liL fcrf il*ly
fonditionl cl lernp?rel+rq p1utrur9, mdrlure
Sdufi o or rooderr.rrb'4 f4filponr{?lr
RGqldrod orrihf tanprrttllrt

llrrftrn*t trtt"ot
ldrtrda!c +f coort.lrrtiofl,r.llttrt$oritjrhFgl, .',, :. : ,. :'' :

Itlplt{Gt*lEl|f co[rEior (detan ot ons stol);F,g, 7

l,:':

::'l 
.

lIBtltillG co{lldo. 16 4.t l r!rno!,rl;Ftg. I

;*krnt+rbgdy

l* $clrtlir+g liqge, 16d
tsf€yr{td dD${ oul{et

,i+:t - r-'_,. .+.

qnhnft,,'try "a
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l;qulnitild

Scrubting liqr*r and
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C€t|IilR G L StflUgBe88 c.n bl hrd In l*rcrtl vl,slonc--fig. l0a and lOb
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lmplngemerl Collcctors ,

kiwiplel)ar rcto,city lr- Increalcd in a vohtl
and particlc rnoarenhrrn carrier lfie parilcler &rouglt
dol* !o a flat plate rvlrre ilrey drop lo e cnfiodor,
Durt particl,el a19 .oltoetcd on t rurfr9e rytrlls &e
grt slrcnm b rlivcrtod around the plitc. (Fig" 7J

Comtnenl**LallJarsd*n of rnlrt ir rlrnptH rr{th
frlr oolloctor, rincc liqutd rnerely ruar dorra tho
brlilo phtc. Th$a devioer may roquiro rpt*rr !o
fres durt &rr lqriltr oa rurfr:*et. lf lhr EoBdr gr+
rdcky, the rudrmr mry bc ontinuelly rverbod lry
e{rctlatlag r*aleri thh filro, beddel clelriqg tle xu.
fecc, prevcntr r+entrrlnrnenl of prrticles.

Dynamic Golleclor

Pdrdlilc-66 lr a fao tuth a specialty derigncd
imgellcr nad Grdog that cmplolr crnbifug$ foir$ to,
oclloct priieter at ltr* periptrery, rvbero lhcy aro
drawn oS in a onc*niraled strerm. tFig, 8,)

Comnrenlr-Tllrc Unlqua featurer o[ thir colleclor
ars rrnrll rpact rtquirern*nt and &rrv prcsure drop.
Tlrc prttagal unlt by Arnedc.rn .Alr lriJter conbl*rr
rduurier, durt *qrrrrlor tnil rtqngo hop1.er" Tlo
dyn:ndc procipitEtor 6ctr sr q ku* frrt altborgh at
rrcnna*'hrt lorrer elficlcncT, .10 to S0t'o er ag$nrt
W ta 65y" for g fro dr*iglt$l rimply for gu rrrvic+-

, , , yt[T scBUsgERg ::

tto orrer rcnibbcruouqrno* pmdua ar e rlury *r
rolrr&ra tlrrt rqulrur filrrhsi proeorrlng eldlci to
o-bUh product or lo dfupor+ of ar wr:to,

lo a nct *cnrbbEn
rttre glr l: both ooolqd end warhsl,
r Grrar ntay bc romottcl ar u'oll ar prrdndrter,
rf,tglorlyo grrtl'rnry lro rrettratrrd hy lulDp*r

drde of xrubbing lnerUurn.
rTlu d** e$luent trutlly rtill Le rv;ll i:krned

but u'ill osrtaln fomo untyctld $ner, mlrtr, and g

rtr*roplurnc.' " ' ,

rTlro lrmp+nturo nnrt to{rlrtrrs cgnlent o[ tlro
inkl 6^,r il err+ntirll1. urrUmlhd.

r ll,qrying cr.rnditionr lnrut bo ffnrlderod"
rll**ardt of r,qrbliva dur*.rlr,n1*rril 'crt

t$dgd, ' ' ,..,:: ',",:,r.,'
" rl*lultrmsrt o{ti4rlet srlb,r is€d.s*+ A4rtr4q!,

of +po*.: '. . .:'r: : : ' ':.:. ",:"
f{Br{tlx{rr vrrT nith piruff inpul and sr trt+ott

; oysr e wido rango dap*nding on fhn dqgirrn, Equip'

i-:1-,:==.1

I

I

'- .'1

.-:' '.'..."]
,: -:p*rnt *lrc end lnlUll cryrl. flio raalgnrbl+, but oprr-

l|iog c'ort ff f,lgb. Fpsdllly for lrlgh cfidelqy, *fi3dr
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Gravity Spray Srrubber

Prlarciplc-Liqtird is spral.ed ioto fte lop ol tfie
to*er anil orerse droplets fall by grevity through a
couiilerrufirrrl ilsrv of thc gnr bejog scnrbbed..Dust
prticlei .'re rellectrd naioly by inertirl impaction
aadin!$.xi;li',.e,(F,i&9,), : :''--

Cotw;zeal;-Efftcienciet arrd pft,ssu(e drops aro
brv, but L:* ssubber is useful for r h*lry ha&ng
of ooarse Fatdor!.rtgs, or fur abao;ption acoomprniei
by roUds remoral lAe rvet cap uscd on top of
fomdry cupotar ir a spray and Lrafle arrangemeoi in
wlidr nater boL\ cmls the brfile and convcys lhe
coltectal dust. Iloller and procecr strcls har.o been
tcnrbi€il ^,ritlr lprap furtrll€il in fte stad<, ihercby
ayoidilg an,additional faa, and *eparatc:scrubbei.
Eltrainruent is rontrollad by uring los, g;rr I'elocides
rdren derignlng rpray l,orrctr, bul thir roulU in large
cqulpmeot S;i,ra1: aro *letqsl b gire large drop:f.tt
Srt lnurt be heary enough tD fall counler to thc gag
florv, cr.en thcugh tlrey may bo lurther roduccd lo
rlza lry cltporalion

Gcnbifugal Scrubber

Prtrciple-Itquld lr rprayal into ttui unlt and mlrud
wiih tle rising rrorte* of g;a$. By lmprctlon aod intcr.

, caplioo thc ger and lfquitl particte cnmbha nail
rra aocrleralcrl to lh+ yegel rvall Ly centrtfrrgal forcr,
Therc ll*'y arc collertcrl The rr.ettcd rrrll aLo alil:
collxUon. (ltg; lOa, b.)

- Comnrntt-A r-ariety of typer laro lrc*a developed
lrrsal on drfrcring of dmplet iorming and of pro,
moling clclonic ges action. Vaned brlllcr (Flg f0a)

. {r*f .f"t llorv antl convert vclocitl. prerruro to dmp.- kt formation rner1ry, Sprayr lnrzy be Inrtelteil adeUy
for ndhlly-rlirectetl droptctr, or cirarmferenEalty for
h,ngt'ntldly fntrodueed Eprc/r, For ligher prerrurtr

o! tt00 ps,ig. or so, druptet size is 50 p or tess, instead
of, say,5fil p.
' ', . , , :. , i:'.. :".' ,

tmpingement Scrubber

Pdnciple-'Ilrc grs sheem, carrying both dust prr-
ticles and rveter &oplels from preconditioning sptrys,
ir directed tluough perfolat*l plates to impinge ou
baffie plates. Cas telocity acts fo atomize \!:rter on' the perloraicrl plate. Enhrgal prrticles are coltected
on vane*l mist:eliminator$ and are titlrdrarm along
with the soli& collscted in thc liquid overllorv frour
lhe impingement phte. (Fig. ll.)

Commenls4lre scrubber is similar to a slevenlrte
column and usually lras ftom ono lo three ptrtes, al.
llrough there may ba more. Erbr strges can'iro added
Iater. Eech hole in tlre "sievo" plate har a brlIe or
"target" above. Flow is countercurrent. The gr-q rrte

. in tho per{orationr is high, ?5 ft/sec, or more, asd" B used to pmvide olomizrtion of tha liould orr tbo
ptata. Pluggiog of holes, rvhich mly be lt in, or
lsr, is nol nr much of a problem as might be cx-
ptded,,ouing to the ngitatlon as rve'rl as to tho gar
precondltionlng sproyr ftnt rvet tbe undenido of
tho plate. Solublo gares can bs efiectjyely reooved
along with tho durt-

Packed.Bed Scrubber .:

Prlnclplc-Wctted packing provldes an lmpinge"
ment rurface fiat prevents reentralnment. The liquar
pmvlder a rucmr of warhing glf dilst and envcying
It ln a durry or ioluUon. (Fig: l2.)

Commenfs-Plc*ing nry bo llred or it may be n
lloadng bal of lorv.dcnrity spherer, The advaniages
rtc; lorv cstt sod slnplicity, mmsion rgsbtrnce,
and no moving partr. D{rtt collectiog ntay be sec.
ondory !o dlrcqt{onta{'1 cooling and g$ abrorpfon.

lll{ rlknisalor-
$erubblng tiquor

......

l"a;}tr:A held4oxn

- -flecl ng brd ol' Etri-dtr,tllgphttll

FFt Jtt*wtits4,-

DYflltdc wt E8nrhbrr*Fl[. lt?A9f{fi}ato w-yf,trr htr, lugc ,tfisc+*{lg. 12
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G-ases to l* remot'ed nre,belo*'l7o b1r'olume. :

Tle uiual countcrcurrcot pectod torver hcs almost
no solidslrrndling crpaciiS since soli& t6C ro plug
the.pqr*ing and suppo*-1rlates, rvhidr can-then be
clerne"J +nly, by cmoral. Crqs0orv.sctub\rs' can
harrdl: d'r:t loa.lings up to 5 grrins/crift Ly,t'ash.
ing tl*,fece of the packing trith slrray.nozrlcs in

a

I

I

parallet {ow whih rhe trody of.thc packiog is ini- ,,:
gated from the top in cross0o*'.

In a lloatiog lxd of pltlUc splreres, pecking move. :'
menthelpstolree tlre solids.,' :,, t'', 

.

Oynamic Wet Scrubber:: ' : :::, :

Prineiple-Liquid is sheared mechrnicslty to breek
the liquid into dropleb for collection by inertial im-
paction behveen droplets iud dust prrticles. (Fig.
13.)

Comments-ln the simplest form of dynamic scrub.
ber, rraler is spral'ed into lhe suction of a fen, rnd
lhe rvetted impcller and housins hol& dust particles
frsm reentninment, The clffciep.c-v is high for ftne
prrticlet and utiliUes arc 3 to $ gpm./1,000 cfm, snd
2 lo 4 }p./f,000 cfm. , , ,

,Ano&er unlt, the dlsintegmtor, has rotating and
rlationary bars to lleak up lhe rvoter feeil strerm
Ialo fino droptets. This rnachino $e€ms to b+ dir.
placed by tho veohui today,

Po*er consu@ption is rery lrigl, l0 to g0 hp./
1,000 c{m., clEciency is correrpondingly high. Itotor
rp€rd B 350 to ?50 rpm., and buildup must bs
avoided' to prcvent rotor unbrlancs. C;onsequentlS
a prcchaner, such ar a cyclone orcentrifugal scrubber,
fu nc^eded to hold tho inlet durt loading on tlrs dis.
lntegmtor belorv 0.5 grrinrlcu.ft,, on<I the lempdr-
lluie Lelorv 125 F. (Olher oll*ctors rriih mechr:rl.
cally driven efements and n pool rrf scrubbing liquid
aro ineludcxl in tlc follosing prragraphr on sub.
rnergc{l lnrzzla rcqbberr,)

Submerged.Nozrlc Scrubber

' Prt*lple4* puiing thmugh a nozzte or od0ce
ls scrubtrc{l by tho llquld and rllo qlomlrcr tlro liquld
(arirtod fn somc crscr by mechrnlerl m64ns)-for
lurther lollecdon of durt prr8cler on tlo droplots,

tlerg droplets oro removed In a disengagement
cframber, alded by brfier. (Flg. 14,)

Com$cnlt-Thlr typc of collector tr trlen to la.
cludo rcrubben filt stomi.zo liqutd entirely by grs
ldneUc energy, ar rroll e;;Erubbrrr in rvhlch tha gar
melely parfer tlroug!: a rne{rrnlcrlly formal rprey.
lllglr durtJoadinE; crn Lrc lmndlcd, c$edally if rhs
unile are derlgnerl for continuour sludgi rcmoval (by
csnvepr, rrtov. etc.). Plrrgqing ts prevcnt+rl by
rlolgdng to gvoid closo clerrlncer ln dro arer ryheri
dry durt rncelr drc rprey. 'tlo c{liciency cuno (Fls.
?fr) -h hr a self.inducetl rpray ecrubber rrithorit
u$unlerl lnpuL , . ,,,, 

;. ;,.., .,.,: 
-., r 

,

Jcl Scnrbber ' . ,- '.

Frlnclpk*lVshr florv fu uted ls a Jst cJrctor, lroth
to er1,lrito durly alr and to pmvidn droplalr for +ol:
loding prrdollrtor, 'lho condittooed-d'u:t and tlro
wnfr droplek aro r+prnterl fiom t$e fir; in s reitllng
cf'ambcr {nllldr rnry bo I'rfllod}, (fr; ltj,}

Gomn ent.-Ln Inducdd draft ef o few inc{r*r of 
,

6Ut lrIBCrD ]JOZZIE ttpt ol *eaecrubber-Ftri,'trl

,Ail|JtnY 2f. l,FrflgtBn$ilCrf. enalr'remtflO '
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rmt€r fu usrril b€cause higher r:alues require i'ery
high rvater ralcf, as s?ll as erccssire por.'er. The
iet scrubber c;rn be rrsed rvhere it is nol econcmical to
aild a fan far a dust mllcction slslc;n anrl s'here
eilher mi;i ..r (.,riily ab'sorbed gis ir to tie removed
from the sr; ri;crm.

VenturiSciubber,:', 
t. tt',1 , t.t 

,

PrirciVle-\Yatu ir inboductd intq'lhe throat sec-

tion ar,d alomiz.erl by the high.velocity grs stre'am.
'ffie h;gh rclatire teloci!4 behveen the acceterating
solid parriclc anJ the Uquid dmplet.mates'for higlt
efEciency by inrpingemenl Colleclion is aided by
condensation i[ thc grr ir saturaled in the rcduced-
pressur€ srrlion of dre venturi, since the soUd par-
fctes sen'e ar rruclei for colrdensing in llre prasrrrre-
regain #c-tion. Agglomerated particles built on drop-
lels of 50 p or rnote can be collected'with.high
c{ffciency In a srrlxequerrt centrifirgat collector, (Fig.
16.) :: ,.: I

, Comrnrzia-lligh e$ciercier rcquire higlr pqrqar
lnpu! the vcnturi rcrubbcr can lje deslgrral for
large pre*ure-dropt, as mudr as 80 lo.: $'rtrr'gago,
!o collect submicron dush. lVater ean be Inhodui*d
by spraying or by neir overflow" Elficiency Ir shown
ln fig 20, and approachec l$0o/o at 2 p tnd 22 in,
vtaler gagc. Thc equipment il slmple and can bc frb.
rlcated In a variety of mrleriab for c'orrocion resittance.

VENfURI 5CRUBBER (d.etai! ot throa0;Rg.16

Clern gar

t l rABRlC nfrERS t ,

Dry cotlrct,ors trrve already bten'ccmparal to uct

cfrdencler. Tcrnrrerahurs lr limltetl bv the fabrlcrM"d;;;;il;il;t"d q;"1;;-iltfl lp"j--T:l 
-rornc 

r,rti,rJiouon r;*ffi;s",*iiilv:::::.l:...denrgdonca{caksroUdsanrlabocaura€on9'|o&..
. Prttutple-r"illen for Intlurlrlal grt clcrnlog alo

lrofi lrag and earelopo lypa, wltlt'r,r'oven or fehed $prco raluirc<! lt largo but ma' 1e tcrrnhaSle lre"a,u,

;;'k-;;;tl;;;;;;;;4"^ 
""-a.y 

i."ti't *r: . :0u{vsr3
loc{orr. Sorna filrrclional characlcrirtics of fabrlc lil.
0ers aro sinrilar lo thors of Inertirl colleclort: product
h ollocterl irr urabls oonditiqn, clcaned r:ag:ls urto

o6ted, ar,d rt'condary durt problemr crn ba created
fu hanrlling rct*uvered dust. llorvever, tlre fobrlc : , ' . ' ',1

0ttcr can lruxlts rnuch rmaller prrticles at hlSh . , : , ,

both lraS and e_arelopo lypo, wltlr raoven or fehed $prco rc<1uirc<l ls largo but may be acrrnhblo becsruo
fsbri9 and_ rnado. frorn nalurrl or rynrheUo lir.rerr, thstcoovcr41l mrterial is dry and ready for either ure
frhty gt llowr llrrough a 1lororrt lnsllum'anrl de ot dlsporal {unliko rvol-rerubber reooverter).
poriu prxiclrs lrr t$e voltlr. Ar lho vokls Gll sul a
cnko buildr on lLe fabrlc surfacc, tlrc prelruro drop Intermittenlly Cleaned Filters
ln+rea*s tg ! l)oint rryhero tha rolidr lnult bo ra
rnovod. Ono lypo of filtcr h cleanul Intcrmlttontlv by shut-

Comnentt-Fill+rr arc tlrgl for hlgh c$clencT, ting dorm lho procols and urlng 6ekcrr or rsr?r$o.

P!{o, on rrn_rll p:ttfht !" the rubnrlmon nnge. air'fetr to fc{nove tho durt cnto. Anotfter typo op*,
' Fllicr uill contiirus lo fuoc{on cfft'etiycly cven rvhen rles conlinqously by scquentirlly clcanlng ono"liolited

W pm.Frtirt anrl proaor oondidatil vflry. Co$t oomprllrnrr! ofter anotlrer. As tlro mmparhncntr

'' 
gro nro<lemle" mmpr{ling tho liltcr a1o ctcanel they aro iut onUnoi.' 'Ilro principal finritatiso b lcrnptrature, rrdth r agrin. 'tlie* llltcrr oparato at air.viiumo/cloth-arer

i ,, lrir.drrurn ol 6*fr F' li:ng, & very hol diny sf,t ntior of li to S $m./q.(t" ef tiltar prgjl. or fa lonnr
,:t , uuy bo r*ortlrslrils fn o*rl* io pcrmlt ullog n f,rbda of refocitn t5 to C It /nin, Flltcr alcdj,o &rG wo|?rr
$': 6l#c'lf tl$ s,3r b lx'o'i thc dm{polol, heollog ioml fahtc* ch.orcn for ilremll. chernltnl and m*lantcnl
$i , , 'W lD76 F" 4ryo thc dctqtitt Mll sllolv a dry uniu etrdurunocl lrlg,, 17,)

#, '"'",og*iru$sryflf-yry *,1w.,,;.. r,,. , " i,
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[m[ lh{dffifis#s ett

Cleaned-gas oltlet

Reretse-air'
b!o*€r' ,

.:

Rewrse-ai1-
c|eanlng

Dusty-gas inlet -

FABRIC FILTERS Wtr reruerso aiicteinlng (Uust coltected outside and lotldo bagstsFig' l8

Continuously Cleaned Fillers , 
,

ConUnuous cleaolng of fflter medir without lsolating
any part of &e equlpment is actomplisbed by 

-a 
trav'

clling btorv-ring or by reverse-air'leb. Thiso-clcanlng
mcthods arc rc thorough and lcn'e so littlo ffltei caka

that rvoven fabricr cannot bo uscd rvitfiout loss of
efficiency.' llencs fclted fabrlcs aro cmployedP Alr
Itowratcs of l5 ft./min. arc urual anil rcsult in mgro

compact baglrourer, Thir klnd of fflter permtts hlghar
rlurtltoa&- but ft moro compler, hene has llglrer
Grrt mst and maiotsmnco, (Flg. I8.)

, EIECTROSIATIC PRECIPITATORS'

I1re clselroslaHc precipitator h-rr tht ailvantage

*-lfi6esa 
l,ltctt d. ooat, on| 4o aclGltd .6rimtlt ealfl c 6tr

ol dlrl lr btill vp,

of permltUog dry collectioo, and is hlghly e$cient
on small parUcles. A fabric lilter mlght be o lint
choice, lrowever, unless the proccs strerm ls hot
or cormslve. If the parUctlale is coarse, n rvet scnrb'
ber lr torver in cort, llut the pressuie drop for the
lilter or scrubber rvill be higher thrn for the preclpt.

: letor, and tho scrubberi operaHng cottr flra likewile
highea Capital (vrt of clechostttic precipitalors k
urually the hlghert of lll colleetors, but a cwpleto
eoonomlc comparison must bo mads for { truc plc'
ture.

Prlnclplo-Th;o gas behveen o hlgh-voltrgo e'lee.

trode rnil'a gounded (or opport(ely charged) elec-
qode,.ts lonized. Durt'plrdcles sre chaig€d liy tho
lg"l'lons anrl mlgrate to tho grounded collecUog
clectrode, rvhero they idlrere. Ilirls run oE ths
collectlng rurfrco, olten alded by addition of lrri'
grllon shclmr. SoUds aro mort ctmmonly removcd

, by rapplng rvlth hrmmersror vlbrston, although.r+t, moyal can bo by rvashlng or. scrcping. Pipatypo
prodpltaton ero used for mhlr or rvater llushing,
and platelyper rre ured fot dry collectton oad large
grr llowr. (Fie. 10.)

Gonmenls-Atthough ihero li n'lderpreld uro of
ctgchollrtic prcrcipltaton anrl fundamenhk aro well.
dcvelopal, piloling a precipllrtor applicaHon lr oftan
rvorthrvhlle, rlnco parllclo propertier rnry tary be.
tween inrtalLr$onr and lhcoreUcrl cffir-lency ic nsver
ottrined, $omu csmmon +ppUcalionr aru thp colle+
tlon of {ly ar[ fmm pulserized+oil.ffrsd lpllen,
ocment.*iln durt. rulfurio aclrl ml:'*. '.ltdyrt rlult ln
oil rifinedet and rtccl blart-furni* ,j;;t,.E-Scicncler - :

.*td Ffr{ aro htgh, sl rhorm In lho r"rir irl of Flg 90, Oper.
rling tsrnperature$ r'rflgo fror.--, U i; 700 f. rltlrough
unltr Invo l*en derlgood fcr tenrpercturor oI -70
sr -1.1,000 B Prcrrurs drop lr rruqll drro lo lov
volocitier, bul ihlr msk+r for a luga inrtallatton.

ii.,a::-::
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ESTIMATING COLTECIOR SPEEIflCATIONS

To malro a prclimlnrry sctectlon of a rrrltabts .

tnro of gas.cleaning phnt, only four blslc ltemr aro
rcqulral: drsl lorlftrg, partlcto rizo, gar llorv and
allorvablo cmi*lon rate. Ofter factors listcd In Tobto
ll, Ulala llcquircrl for liquiprnent Sctection, rrtll bo
lmport,rnt in cornprring tlro collectors th:rt nro. uudsr
cri4tfdgratlon.: , ,' .,:: " , .

Tho rcrluir+d faclon cln lts artig|ato(l, fqrl an ,

cxilling proccrr f,{cc0t for prrtlclo slze. Ilorvovcr.
for I procsrs ln lho dolgn ltago, lioth dust rizo nnd
lo.tding may::iic rliflierrlt. l,o octlrbalo, elpqctrily':ff
prq'cerr .$Frrlene.c tf not 4t:lilnblo rviltiin rho organi.

t!.tdlng msy lic rliffierrlt. l,o,ocllnralo,,elpccldly tf
pnx.elr cnrpedenco Js nol ar'ailrblo lvithin dto ofgrni.
zation or frcrn rugrpliqn or lh€ lltcraluro, .t brorl tirt
of proce*et snd ulual collector appllcatlonr hrr ben
rrltnltil{rl hy Konot

_.lf a. teriatlva clrolco of collcctor crn bo rnrrto,
pllot plant trhb lnay bo t}o rlmplolt npprorcb, opcr.

,a-:.'.4 :

..,, ,1.111...,;;:-.;

::1.'.....-:.,'.,',::;

Poakb rire.n"cr Pdricls ri.t, micrcnl

0f23a56789
. hrtick rkc,micronr '
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IYPIGAL 00STS ot various tinds ot dustrolteclors plotted against capecity (costs

o-J

i,

: : ating orc or Inore tlpes of collectors on an ixlrdng.
procerr siderlrea.n or in a nsrv.proce6r pilot plant
If pilot apparamr qCo be. choreo and opcrated, tbo

.1,
, , , lgaored.'fhe durt loading u,ill be chec&eil in tho

normel crursc of elf,cienry merjuremeat, pcrmittiog
dirff1 sy31rt1Ln for Crmple scaleup. Ilany suppUerr
har.e pil.et-model oUectorc aveilabie for reotrl, oflan
ryitlr soinc rcfund oo purchare of a full-scale udl
Inrtallrrion_ antl gperaHon .of a 1,00{l cfrn. plht dovico
may cort from $40 to gi,frX) or more,,dcpendlog, ': on tlts campledty of la$rllrtion and tbo aurttirrtei

Qtng q stcp furiher, }gforc lnrhng a ctrrotco, mgto
rirnplo l.rb rvork may pmra cconomical In the lrng

I ,, 
'Jdn. 

l"alnntory data can bc obtaioeil Irom st .dlt-
', . l\g proccsr by ollecttng dur! samplet f91 prrdclo

i , bi, supptbrs or ++nsu!bttr.
. r, ' . A mlcrotcoplc couat {dercrJbql trtcr} ts tdfour

but rcquirer oaly agpmcnt uruilly n#t"ttu.'fto*
cvcr, coll€cting aecurnulated durt from tlro bulldfuC

:.. : cornerr or duct elborvr, inrtaril of srmpliog proptrln'
. . , , Gsr |lo rnlileadtng Tho prrtlcle slqq may appeai nalt
, ' ot @rrrc\ aggtomemtion of prrdculater mey clungo
. 'tt ttta, orli,ryg4gs,ooptg rotidi mly ctuogo claraciir.'.. lsfc* as ryalcr fu pl*d up or other ontamlaliotr orc
':.lnc!.rdcrl''

Iatr date oo cnrrlcly c'olleclod norphr can bo
obtelncrl grrfclly and *heaply but till pmbrbly havo
lo bn rrrpplemer'l,ed lrter [y irol.lnelic sampUng
(dcscriLerl lrtcr), depenilln g on lha ilza of tho pmloct

- anrl dre cronomic rirk thrt can bo toleroted,
It nty l* ferribto l,o proeeit ir{tlr fnrtrllaUon;rnd

plan h rnodifn zupplem€nt, or odd ltrger to ilre
coUrq{oa ffep 6rmple, a r.cnlud wiilr adJurtrblo
prc,llruro drcp can bo fnltalled, 4 lret solleclbr'€s
bp -sdd,rl nll+r t cyclon+, or rngro ltrgcc rnry ba
added lo *orno lyper of centrifugll ryct scrubb€r"

Detcnrrlnlog tho doircrl crnlslgn depeodr on ono
or mgrc fcclon; alr polluUon godel, tmtrily limltr,: ssd trr,rcr,iw, I+gil rsqulrsmenrr of dr pllutlon

' ffntrol fn lhe U.$, ato vsty oomplcr, dependlog oa
fdsr.l rl,nio ond local gorarnmentt. larw ar* sps.: snsd *ith tho tlAc ood tmount of prrdculrlr end

:

,,, t41

ge5@r3 emlslons and also the app"inncs of smolre.
A dust-ontrol syslem is tubject'to future, ynoru 1;*-
iting tegal requiremenb nnd should be selected $ith
rome thouglrt tosani futuro lmpror.ement.

To determioe emisrion rrquirenrentr of c i,rrticrrlrr
lccation, : govegoment ageoci* sboutd : lta, inbcted.
The permit ryslem is ued by most conhol agencier
in thir country and shoutd be investigrtcd cerly ia
the prugram. Lileritue on alr pollution il helpful as
a sourcc of pollution Lrur. (See "Pollution Lervs" ir
tho rclereooer at tlre end of ilro nrdcle.) i\ digest '

o[ rl,rtc larvssl (Digcst of State Atr Pollurion t,arvs)
and a blbliogrophylr are avritrbto from tls Covem-
ment l'dnting Offie*;:Obtdning'the lnformatlon lt
rlmple, but interprelatlon and complianco mry lro a
problem, rvhich is not withft; tlro scopo o[ ilris crUele.

- Hazenl control may be an addal initial rqulrcmenL
Drla,ars oyrihbls for milny dusts aod vapor*, al.
tlrcugfr nerv matgdrb mry requlro.tomo lab norte,
Durt haz.rnrk lo conrlder are c4iloslvc eonccntn.
tionr with alr, llammrbtUty, ,rnrl toriclty lo phnt or
anlmrl Ufe, lncluding rrdiorcHro lrazanrls. \rapon in
tlro_ gar rtream Inurt bo ctred;ed for crploslvo linritr
ond lorlcity. A rumnury of propertler k given ln
tlro trblo "Erptorlon Characlerirticr of Voriour
Dmtr.t3o It wlll bo noted, tlrrt conccntrEuons ts-
volvcd in gas clerning oro ururlly botorv tho mintrnum
crploslvc onccotratioo, RemrnmeodrHonr for sr[g.
grnxlr aro conhlned !o fto rafety mdor'of :tho Na.
tlonal Firs Prolegtion fur@rllen,+r: :..,

A vcry bmrd guldo lo ollorvabls emb;rlon may bo
droun from lho follorvlng }imirrlon ljrrrtts uniler an
eady mtJo ponnlttrd 0,65 lb. By nrh per 1,000 lb, of
gas oorreclod to 19% cerbon diotlde. Tliir ir cquel
to 0.43 grainr/cu.ft. lierver corlel Urnit ernfirlon fo
0"?,$ lgainr/cu,ft, h'inc prrUculrtc rnrtt*r oi 0.01 to
0.0? grrhsl$t.ft" h tlo lirnjt for o pon"r phnt crntr.
rlon llret lr to bs Inr.irlbls, Utrlder prrUculrte con.
cfntraUon, thc Frrllclo rlza nnd rcfrscUr:a lnder
of tlro mrl+rial olk+cts Uglrt.r+rttrdog sbilitl..': . : : ': -_,,,

$AMPIINO AND ANALYSIS
:

$iring l proporcd collsdsr or c-hrcL{ng tha per.
fomanm of krrtolle*l cqulpment mtl vety ncll te.

rrnurnr 27, t%}IC',lZ$tC t ttdrrtEsRlfl;
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? c"*d* Lcf/J cln l t{oul
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$mrfllnl r,orrle._

are lor eguigment cntyfttg. 2L _ADc€sslnittltttion, cleanlng malntenancc. srmpling

- ,:: : ,:
qulre rampting-anil-analysis l,o determho.d* trd; Economk:
ing at lnlet and outlel Or a sampla may bo needeo Equtomcnlettg
lor patUcle size determinatbn. ,laerc Is a variety Of Oocrrdnrcorlr
tcchnQuer uhlch can bo ured, frermltting a cboicc RicovcraOmrterlatvatur
depending on convenienct, cost or accurircy. A gust. Approvalt-{nrurance and permils
nnary ls presental in 'Aerosol Sanpling and Anrlz. !-{ortrd ptotorllon-flammrbls, orploiivr, lodc malerisli
lng Instrumenk."o At rryfll bc seaq tcrt equipmett Et+ctrgcal cluril-rcrtion of prer
cholcc- dcpe nds on- the prooesr ch rndcrirtlcr, io tla Pollulion conkol-dlt and wrtar
lnvcrtigal,or must hav6 somo idea of !E mapitudc 

"
S#l';tr'Hf Hl' iiT.1,,fi'r'i,ff ilj,'i trffi:. cantwcightof rotiilt; , - - t t. l

T\e fis tlot idternuet ffnt be mercucd. For mort l'r'oc ts polnUng dlrsctty uprlream. 'I1re anrnblnat
prodest gat slrc:rtni the pltot tube and inclined i6in. pitot.gtilic lubo rontlrlr of lrrn colrecotric tubet, ono
olrl.+let arc sultable" For obtainiog a mugfr mcarum for lmput prcrruro and ths outcr ono for rtatic pler.
of vclocitybclorvl0[a,lse:,",*yineaneinooretcrmry ruro, Tbo presurlr dilfeiezrro, rneerured lry rn ln.

., ,lra urrd. tllg\'rer*tt1es Io rmall dqgtr may bo rrtir- elhed nralltatc".+r, k tha vctorlty prcnuro, fio
urexl rvitJi an orillco or a vcnturl lneter. trfelhodr aro rtrodanl tf'po "L' pltot U.:trra ir sultrbte unlesr dust

f;tf.t:{.}_lt! *d lho lYestem Precipttatbn lordtng or gar. hunrldi'ry ft high cnouglr to. cau:o
bullcttn lyP-50.rr pluggi*g in x.hich crso, tls spccirl tt?o "s" pltot

Th4rc ats nuny tnsur.t ol rneasuring gar vcloclty hrlro ls uccd. lYet. and'dry.bulh grr lernpe(rlu(ct
but tlo ctand.rnil pltot tubo onrl difrarentlrl prert{r sro trten (or uso In calolatlng both grr dearlty
gauga-|l. rchttuely rlrnpta and reltebla, Tho operator end hundity.
murt bs carpful that tho eecllon of duct tr rtratght Velocity prcrrurcr from mrnomeler readlogp rro
lor o ta t0 duct dlagrete'r upsttcarn ad b ro-I -"*urJd "q*t "r"* il-li;,i;; *a "lh 

r.
dllmelr'n dosnrlrelm, to eorure uniform {owi rbo calcuhto *chcitles ar lrr pcrry.r
lbat ths du* ls etslly *ooqriblq ,aod. thrt the pttot . 11ro vebcjtier aro avoragal, tnd duct tlow ir ob"

lhqmal lalsr
ts{!aa



,."* Ur. mulrip[ving *r .*r* r.ekcity'and dutt r.elocities rrdhout -; ,* .-** *"
crosr+dbnrl are.l- loralet melhod is dcsctibal in sererei Jur"o*,
-Torlete{rnincthedurtloadinginaduclthenorlhtd 

3:,3r1rr 41fl lhe lrtter is describnrl by tapfle-rrl S++
of isotinctic sampling is urcd to rsithdraw and rol: et5o Ref.'l{. The crmnhn!, triin tFiE.':{ils a*rn.
l<t .rll du:'t ia e mcasured rolumc of gar, matching bled from a choire si {a*mlsnedls,"r.rrnts to t-re
the r::npkr t*uoitv uith rhrt u rn* otiJ durt anfi gror''inc i"t**i i" iir8ffiffi:'tiril.i16 oii
ter::ri-r3 .r represeoblir-e duri s,rmp'h- llrere r:re trw once lrcd lo lE ^".1e Ly rh= rer * io Era€r-
rz<{i -rir a! ,loitg ttir. Duct tclority mry t: maas, cialfy avaihbte
ural inr! tlre srmpler relocit1' adjurtal to Il,e iso- Equipmeot is connected as s!nrv.. 1, the cfiearti
h-h':lic r-t!..l<ity- Or il sull-lral$lce probc can be urad arrangemen! lig 23, lith a rhrrp*d3ed nogrlq
(Fr;. !!j to rstlch sL.rb presure.., thsreby mrtctring rrcrjnUf. }l in. or morc in dirmetrr oispezrin3, p{:rat-

ing upslrcam. Durty grs ir withdraiwr at a rrie 0red
h ruq | rutntrer thrt tlo vcbcity rt thc fa..c of:...]..........:'..:......|hcF!lnirqlthinlc%ofrLn.r*abcrtyi;*;a"
naar thc pmbe.

lEffi#de

OU$r sAr{ruf{c equi0mint dirlrrm*fig. ZJ

d)
i'lVG

.r: ,::l
,tf, t

{,t t

OUif S,t.if Puilfi rpstr.lu r rirrrn bty *ftl, 1A

Ths Car is dralvn thmugh the srmpthg train by
I vacuum pump-or an eieclor oJxnling on r'u,
slcfiN or w.rl.r-and caplblc of mrhtrhiac a gcrv
of ll |,o g c-fm. ns rertitrotc increatrr tn rlte fitcr
orving to durt buildup.

ilho Ea. s,rmpb stre,rm must bs melered lry sorne
ruitablo lnrlruarent, such er r rolrmelcr. ori8ca lnd
nnrotr!€far, or gas mrlrn Tto mtc of $mplins iJ
conholfed by e vlh.c lar r:rrtatbnr in trdperairu,
r/ir{ru$ or rlc$-rity.

Tlrc qh11y 6sr ni(*sd un brr lho rrmnlr umb+ lr
fittctal ln I Drcr*tielred oroer 6r siot...*l*ert.
t['.mble. I'he blta: u. *;^ib,g de"ker arcd *
*rgeUy ri h'rrt €dfii etEcicl,t. Thu nroba ir trrwrrtd
l&e the pitor tuba aa'il htltl rt lho remr locoi.bnr rrirh
th* *.rmpling llorv ret .to rqurl dtct rebi,tl, et ttrrt
locrtioo-

A rinplifitrl rJurt rrmpling 4ay ba mrdo on tho
eril of e rvet *enrbbtr il it lr feh lhrt rll rrrrtklcr
1o l,err lhrn a 5p anrt rearpling nerd nof-be ho-
tinrlk.' Akd oo 4 $f,l rcrubber outkt lhc l.mrren.
turo of thc grs up io th+ 6lter murt be lient ibora
lho dervpoint by hertlng rritfi on cleriric retirtnnco.
heeler. Phcing the 6lrrt in lhs nrobo auembtv
(r.vfrcra it lr lrstcd by rfaclgrs) nvoldr oondenrr'-
tioo. lorr of rrrnplo, or pluggng In tho tubr belrvcco
Fnlrt arxl rcmot+ Glter.

Tlrc nmptc mlhcror ir rot lhrild ro prpff 6ltrn

I
I
l,
tt

Ihr'l*oar.|,g s
lhrrr*ocot lb ,

rrintlirE lrttrlt

I,:
I
t

$prin6p{rl4**o

-Yrlr*lrr'r--*"
(tta| *autra-..

i: .. '' :
! . :' : ':: ':

, *-*'6
.i: F:J. :ai.

-lto1:, q ,.

q:!*tr
::l.i
I

faFr?thfsj -.tl
llfrgJ "'--t

fultirg (l$lnter,

1'oclrla!
Pdisnsltl,
grt 6alft,
ot orilict

ts.'y;* L-.o'a. airalot

falztr li;fq -



aod in fact, rrthcr llpcs wry bc ntac ruitrbla A '.*-*' :-':T
a"tcripra" *f , *'"ti.ii at ich' aeniq' ;t'gF'co ll t:,-=' : .," :'-''.-,1{}-q

Sf.€ra ll p, .19y'; a4 \l"€ricrrr Prtdpitrtiofl h!$dic -A
lYP"t0.r fie filter nsodiurn crn bc dw*n ftwr #
1o1pas, ttL#.ll,. F.*rry,!r aluoduor, or cel$rdore estr 8.
rnegrbrase;. *r:rli5 geroittin4 .rekr*io* fc *pqid E ;
mditiocr-jr;.;ir ldiclttraufiE, er{.rernely sorll [rrr- e#
tlda, lou' ;"ir {'on{mt roodi+ or tra*rpa.rco'cy of E;
melir sitlr oj! cr qrrlel bsih$dat aftcr uapb ool- ; ;

%r*o"* cl.d,@,f cao bc urcd to cdld{ }=
;"ipr" FF*:a;'t?-EGErl-,"nJa*Gry'".t ,.- '; , j
rnmt ir rurt trrr,portuL Oao llrrsu{att!$e{ {Dur'tcr} 0 fZ ' . '.. ---------lE
qas th+ ctrrlon* (tr{i,rric/ for riop}o rcrlarp {arru,m. Arrrofr rdriC,r dol*b4
ing no esiricnrf ir lolt iq grr difiib'r$"sl to tbc
mitrfp&qr*tase-n'o*aaror urqo**'galji44el-.', ,;fu;ta-" ;;ffi-:;.a#e; i;t'; el
to@f" rtqee.d; (ci dsusr g€rtftd Srobrtrd.ry-f,€. Zl

Aisthq co:r,rrron,aaqfiog deuicc, ths logio6rr,
aixbtr ol a Slt srid*d6 svldr lrroch *ftrrn ilirndnd ,,' : . ' '- :

tt"*d, r ;*t ru fu"efirgr * ft* ptttu, ururlly nrh ,"AmAt *tl att ryptred ln durt mlfuclm rr*rk
uwgd.- Soli'l puticler dom to lp ala detumtaail Ttr BdBo llicr+Flrti,cb Cbt$Ber ls r csa'
efttic*"rpouioa, bl*tF* $ crabifrrsa'elubtrh, il!'I. tr an ,{SIIE

ffis fi!! ff,sr rols.m tr tbf pr'gd$.s1' of tt+ nta ilrntrnil fe prtid+rtdng{ A u'd#ad rrropb ot
of renpling r.rd qbe duratim of luupliog tima lbc l0 ro 30 g. ir cftugcil hto thc lmppct Fig. 95.

ralnph *c';'<!:t ir rrbt".laa{ by &i'ertnoc, cft+x dri'lng rnd intrsdrsal tlwilgb r focd rn+thudrm l.oto a
r t-*.ailtn"i ni*t'liog d ri*plo ni*tallt lr" gd"ri epirri rrt air hrviog it itrbla t+ngcntirl asl- ndiil
by tl :1 rofurne (in rlalrdrrrl, w at6al" o&Ec rrlNi$er" A pagfion o{ tir rungla ir e.rritd b}' acfl'
IA]- d rr tlre:Jrrsl iload;o,g of rfii gir rtrp{ro.r &ifuCrl foffc tprlml rhc rir 8olrt rnl torastl tht--fufr.rr.1- .i ; ";tt*6ir trru A#rr*or irr"w ptriptrery of rlu atreu'ftc lcnri$ltr of rhc rlmph
folet alv! iurln lordirg" rllvirlol fuy &o lukt !ord. -r$+ rmrlbr. li$rtr prrdctcr-Ir ornicd -rrith *r
ln$ Tlre .{$.rffl prodruq for crle;lrUng (sdFey forv {'nrand $+ +(iltcr. llrt alr lr nurupirt througb
pirdtr urirlrt ilre rrrigbl d dall c"usLtl-lnDtcrd s{ tlw unit. b1' raornr o{ rn tnt4r.ll (rn lmpclki. at r
adrer inl*r or outltt du* rnlc oosrup$sl by dJurtiog tlrt slr lnbt ori8ca Tlta

I prrllefe.rir,a *rulydr SanH lro *o * tho *roph ret&luc fu u'd$bod r{tcr rcmord o{ I light fnld+t\
odlogal. $orus i'!€r of putlda elza fu a prerrr'qul$ro

to crtocrt+g * cl{rfl @tLctor, 'I'f,gtc ars ^iy rg.f.0 0fl0c{tr13 * 4l{at1 @lrot|or, .lBsnG 
a$G m'ol tEF.

proectr+r rle,pelrLing oa tbo riuntlon- ,td+qurta flcff- '
l&er mry alrc+dy La *triidrk *'lthilr d:o orglqhltho.
c l{ ruy lm rlrxlhr*fiIlc to d}trin aoelydcll oquip- ArrErt fsr l?r+ criamt rt$dy. rf fuluro gardraalag -
;ffi'l*,,;'-iiii-'liiyri"?.il'",1*"'r",;'*';o"G $
cdrer harJ. tNre prwclr beiog lturliorl rnry bo I r
rtuplimtlon "f a"- cdling ptrot ufrt mudr brck- ,, ' . 3
grarcalrrg*lirr*ebrlrrrvut4a" , ' , ",.:: l,li- If nnr*ert arc rrwrlgd u'ilh a nridaluat ol eort . :. -3
rud t&ng, i1 rray *o arlvlrrtegaurr to e.rll fut ortdih ' 'id

lit,tdf *r,r#rf i-d,rr *o frr#,to rHo anrprtr fcr i
lE+r llnn $1100 I'rr r:nrpla lhny of dro dult c'oiloq{lcfl *5

oluiprrent rrrs'iufrdur'etrif orrg crn 14 cho*so rl .A
ddr ;xrint-crrr pr.rr'lrk d:e len{tr, : S

A gurrrrnarl'o[ *ha aua!1rir ie4trniqrrer sDd dfyhr ':

'#;; i;; e;';;;;'tt*ii"d,*.@ui.:l I
Atgftodr +t pirthh'riro anrlptt al+ *rdrd to rcdt {
fho rrstur+ af tlre putl*lrto or lhc r*eFfu {'t lh{' i
onrfirl ca ttre lwtJral of rrmpto oollg'u-onl s cffit.
phlo $lrtrue cf lt'r{ urt{hqft srrrl det'i{+r ir llcpod
fu tt-{tS c,f tlrfu atl.ide" llmlcrcr, ft rnl5hr bo-rw'/

typDal dffit*

lo glw xr;rls r1*ti6c eramglcr of lha oommonly ural
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at'l t|,r tr'djfr.$t r^$Srt dr dd*r,ml*d by rhf,+rtooa
trr0 lile{F5r rr rr1,'a||orl t0 $lrlu,E ni$e tr+cuenl, Eg{hqa:un $fitrflg arriurJl ba <E!,ibrakd ffi A d{rt O{ knOqUt{td .fiitrdti',tJpn rad tt,a t$findnr!,rrl*jl}i r;;-;;

rJ"Buel-'l!*e_ dnrlogrmmr *r *r*u.Jrid;;__d:
rrirX{,rct s.l,E Atit(u$r6d by ci*rxtall_sr
, {J$*',r urrfqcl fi.,Hi@if drrelurle +!rutr666q cg|ratfueb)'#rn Corrlter <rqgller in rvhiclr r nrilg* ;;?
ll,rotrljto 'dJr &pfifi$r. r$r?nurltt' oo* 

-puUdl 
ri elirne, s\iillr rlq41r* r*rwdlag c{ *r-d ,di.r.'lrf

o.-,?!'e 
e,a,,ilnle irqrffis prr{tr{r prrtid+r &ruruet rtrt cr,ta s g.titc nhria l.16* pu$rltr *" dil_fr"|,

Lfte,rir,mt f:DJfiE on l,o dae r*cc{ rl4fc,
., tl.cutdflatirea i_r 1qrlitd in dm l{ollqr mrlr,aor rmllru gr.rirar.tph d $r e*rhrs claambm ni***t#ru,#
trot-t{4n?dsi rrrtrd {{| air*irtlira [o ,fil.jorB a fmeg {rao.lltur. rklrr.rrdUmg @r relfi{{}," tli"*r*rii*Ur *J aj'_"]Ftu ra$r*,ru! la Ferryil as *relN ar dh."*d illr"-'-'"'

A '.,ie'rr *hal*r +s4 plorf,lo 6rrJ far$g[a ttrorr'r,sgr5 rfu'as roEOp parlicler t{ar* r,,furh'fri';#i:
Ahou9.lo0 *; S y'u4h *" ,""it.1,'**;;; #;g.t,ritiatjuarxi ff,ia, f,rt Bater **ry g*E F{rJ8.ialrf iffir&d#,| ft;H.tlont +f ilrr lal.qer furt&ler. lrtdls.$_l+44l,tni6 ,r,{ry r,nrer.c*r+!;. +1rpun" ia tl*' unulig-r**,t'tqlllts rl*trs, +'rrm r"ife*C;ir ,e*, r1,!,'? ;ffift;:ltu;",uhl+- md ortr+r 

"ot*lrt, ;ri il"#lj;?"-flic {ir$p +nulpdr sl${tH f+ Hrsb!ffii#nraf; F;adnrmrqdc er,rmra*on b, (ld*.r$ i;trsb Jior] il

tft+ 1ry1ido ri:s l,*tstrrn:Og eryl lelb rtu'ocricalrnl$sxff!* tna [6 pj^1 r*trlort rforsr"-n',;;il,;
h.bbeiour h{** tr rtu,pl,-e*i-14, 

"iiu'n"fr"ilmhogtedrr or lqy prgrcting ![s irnrsc of ifto nr..rlcxrr +rl r. torriFrr. 'Il.c+srlicrl onl prsrucrl arst_rrl*a mrttul in &{eil in rhe flrentura-li----Fr 
--v*e

...T F1ttrn*t Fsuprjty nwried iq ,rt*rtns *clidrrltrth prrdpirrr,o* il ri+ +kryuicll ;;i;fr_iJo{ tlm"duil ru bo hru$csl il;;;;#;'i'il;
lf 11l^l if a. ptw{Jrirrrm i, .*"r*r,y-;r", A;
,flflilr,ffn,f_"*a 

quipsret qtrnieorr i; ort,;i;
. Srrud ,.r.rc{ldr_ fw prr{tc{r r+rirtlvity rcerrutrl"rdfrt rfE rlincrrftql in lltritr,er ,U ,*irri_iil", "i.*s,ins frsrfrfoltlirq dutlr lnd flrmer nm gi_uo. A
11.14 r'el!x'd afirng rriur epp,r+t+ .+,*rrurlloodq,tallr ir gitrn ln tfro At$ll t,rn*. t"rr C*,fo i.i,rirnd iar tfi+ il'[ rntnuet l:tpctsrrlUc pft{fir;ril,ll

::::-::r::a-

lilScflAl{l$fiA$
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nor, 
t*r,'*,*il',*n

. 2, lfiot'i"avr tl(*1*cy' syd*nq
D & tfigh effielcrtrycre&fii

4. tluldpl*qdono
5, ElrrbsF:!lic

procipltrtor
6. fabdc fi!:+r, rhltla.'
7. fabdc I ilitr. esa{opa.

€r A Fabricfritcr,

2-5 165,{Xt0 3.7d{t?& f5a@: 3,36{lAI ?J'l.W 7*t^

6l ,, 66JfiO',. 8,&{l
lA l39,Oqt : 47fa.
4l ,' 8a,?{D . 5JD0

:.._ ---_- lo.o00 30.2,t{t s,4

- 
_- 9.500 2A,o3O 47.O.--' - ! f9'a'@'5O.O2Or {!it.E

TotEl Total

?00 -9F o ,li,o
2S 9r4r0,., 15.?

lr300. ?6"P : ,4.4.4

7@ r-{.o20 ,23,3
l.@0 50p16 e4.8
l,o@ 20"?10 33.7

c4',bcliotTyge

;r;,., 
I 

. :, Orcr.all 
9o-st ol gas il€ning=Tibtq Vl

fn*rrrt-, , a' : " ,''.. ;.,,',' 'i"r6::
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r'rt.rrrrlrie,rr$I.tf,riiralea"'/riiIs-&T6nffi;ddr'A&;ffi;fiFblT:-#r-i'riiffi"Tiif #;Tb*.i;
t'rq*r'are _raiirt+r lo lt!il lrdh ? qt{-}nig ttd,lfttlf6r.-d.r+trlt..thr &!tid| sdird lr.rt!t.t te6t U.t,
\!+6-cjr!\tr1*'ar".#fi ts,+q4 !3f! p6rx4{ r''ilmrfrio!iiriirini*sr griiw-riirr;l.r-"irris-;$fl# ii#;ffi#i#ffi'dj'i'i'";fi:SiJiffffi;jfiinfl'ili#i"j ro.i. n," kor r,rim],i* ,.*r: rtirt' tt-qi srr 1"000 qd. rn{
.#l${rtfhra!r {rs|'diEf lsduft t,rJ€lirnir|i encr prltar ftr*rt*qpr,Cf*r 4on t 69r Jsihd|' il4d ,ifl,.r++irt tdli/r.

Dlfi*t!.+ral ncpwd,W*fw pr'rft{q *srill+tr &u
, 0,lf rl !l*r trtoe'tra*, rm&pulu ltnp*l o{ lkurtr$,ul

of drporl$wr *c otlra sr bu,r boen d+$ritd b'
l,luadg sr;d l*ppkJr {* fiblc of lnrrurd+rn tc r+
pronl+oe+l in l)crry, p. 8045r) and aru gmarlly da
r4rfbd trclory *r r llorar of &Gdenteadies geffstiaC
prtodpl*r of r+ilratsfi"

Grattty fi+ttling;=1t6 H'cdgh of p*dcht mry bl
roergh l,o 

''ennif 
*c{lieS frpsr a sraldsg girr flrt'!0.

n$cro tlrs dult fr pc?rc &ra 606 fn r graylry *cffliog
&&r:lrtr el e ilr&a d*rebs"

Ccar#lvXal #epntlm-Y,lidel fq I ruldr FEI
flop *to r+pantal Ly +cn.;6fu9d frsw *Ed 

"Bru
dlrofi{a{ to lfue rruler vnll, *r in I ryclmr ff geo-
lrlfir.rgrl xnrldxr.

I)ltt4l 141onnrh n*A {!ud rLcrm[oo runilog
sr{ard }irt oLr!.'rie.!d *rrS ar s fi}leJ etrle{E{ or +ralct
dmflld rnry {:ury ri pu$r** $fttrdn conts{ri'lg dii.
trrlc+ {"t ttyo obrtacJe. rmd |ha callirlqn udll wrgrt ih$
gartrr.lo on tlio rlcorml *v draplr{" $+o Fdg, ES,
Jtltc*rcnlstft r r/ Fsrli€Ic 6s]U0cif ua.

lnenhl lnpactlorr-Tlra laestlr of tllq prdldn oua*ol
ll lo rpnli+q.ra !n ltr paifr rrttrrr tlran folhw fie rfttrrn.
lioo ggsg6g arounsf f,p d,rltdg, dul prrmirdog
s{mlirt of dw p*st&{e r#itlr $ra cfurtnsla

rrlonod-rrtt dr$oct rh prrh of rhr puticlo. locradag
c{reocst olf rno[idsq rtlfr filltr ehm+atr {rr t$tc.

'dtqhttrr,,"',"
EkAnualiq fre'rriptf"rtfon-A oolltcts lrqly or r

prrltdc. pr bolh mry hlrro e *laiia drarga lhal *{ll ..
tiltu{fiftr.r a foaqa lo a.srct tlro ail-rdtttt of ths
pudda,
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Or"s{all sofuqso$ #dltry +a+'bc +Fk$ht*d lrt
sd*S a +qlt{dor, @dc$ey. c$r.l'd 1lr r&eblnlfaa
ultlr tfra pulHo riac dlrhibilUon (vnr, f,loddsd thrt
0q tnajud d prrgd rir.c mcerur.tru?::t k drp srorq.' fi* bah evrra.a Odcuhss* se rlg:lra ln T ,et!q V
fw a lii#r.ctfrfrrlcf c1'+looa fo[*.-cnl iry ru de*r*
rtntic prtai$trty- l)st4 ern frqrq $ilrlrurffidll Tfio
torl duc{ um'd iranprr*l to * lypttr{ IIy tllr rcd tr
6[rrn le Trlrle Yl, Stlndafil 'fcrt, Drlt Glu*c{erlrr

llt" 11* r'ffirierory rrunff ustql ero ihoso *botn h
'lf8'&
.-,.' F!g'q tlis'rulhd@r i{*c{crryf +rrne .iLooss *s-+'rral 

'.1

.didmriur "S ry *',*trary*r*ifng .rogol +f qr*eo
rfuxil. ltsfl tlq *inr dlrldlnrtion tunr {or frbk, ln
lblt rrrt) {$t*do &s p*r+@trsa o! ds$ *vfthtq Ga
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-l'* ::T^y:;T"*,ror esslneJe. t?% of rhe torat dust

| :: l1t g" 2ti.y. a*& rhe midpoint of rhc rrnge
ir llir. Thc c}'clone efficiency f if.S% 

"t f itp-'
, 'r-1" e;clonc has a collection eGcieacy of Si.f9t

and emits l5.9fo of the inlet dusf The elecuostatic. prcs-pitator oolltsts SJ.4% of the tplone cmissioo.
i lhg combinod qlEo'incy ii9i:I?o. .' ., | ' ,, ,,

; P+ttlrb ri:c,nicrorr
.. {;.r*.**+q . .:

rAnIfGjStzE diruibJuofl o, ,jg. ?8, p{ort€d
tregilith.nh rb$ci5si (Oartrcte torei_ng". ig 

----

:ff ll,|l-lu,[rr r{rlr ror prrricrcriro difirburjo;;
t$oye fiSirr4.--flt" 29

,,,' EQUIPMEHT COSTS, :1 :::,;

. C;ostr shorvn on Fig. gl. arc manufactureni prices
lor durt,collecton only. Sl.rlem cosU must G de-
l'ctog€d for the individual casq addiog the cort offrcigh{ fouodarions, suppoirs, ;;;ril;L;-";i";
cquipmmL Collector c6ls mry be adiurted for soiciil _nite.i.rls of conrtruction The mli besis 1.ear is
t0S8. (lttrnhall and Sreveor foa* = fZfJ. '-- -

-To-. rly one epo of collcctor, pri*'rnry 
"r.yrvldely depeorUog- on tho reqrrired iutv. ml *#plerellq aro for *t11:iorl* nplrlic,rtionr'ruitrble l,rr

l_lTITtn".y Gotnprriror|. \!.hcre cortr of rysrems
ar6 9t lhg nme order of mrgnitude, it i5 pr;bably
uorthwhilo to obtatn quoreuo-or hr'*d, fu;;i
lectsr.

.l

Orar,Alf GoslofGasCleaning, .

. I" "l coonomlo comparison bels,een rlillcrent col.

iiliiffi ffi',11'.'1',1iil*:'"H*'Lm*
rocnofi c.n bo cump;rred rl.ith tlro cherper lnrteUr,
rron, e$ wnr (rrnparerl In Tqblo V. C;ostr almrc ftosc,ilohn ltod lort.enl rn unooonornlcal e<luipment choiee,*Hr 

lhrlu. bclorv rend rorvrrd btli; il;;:.. r||o t)ilgmfl drl.N lor thir figuro $ure presentd
ty Srrftmrndr; nod arc adlurtcd-to 11rnent fi.i, _;;
iT:b! YL 

Srnrrmrnd Aci.et"r*a rr,, il;il;;;;;or rno t-adoilt colloslpp systanrr clernllg @,000 cfrn,
Ilt."t$.,l rvirh an.rdh a*t.Uar"f JS ;jr;cu.tr. ot Ula rtntrd.ud lert durt givcn ln Tablo V.
wi,th 3{t% les thrn l0 r pardclo itzc.

It Ir lntcr.rting to note tho hlgh.ort unitr ara lhotlt"rJt chrmbfr. hvirh s hiBh iealar.rat6) and thoo1rrrmrs hrubb(y (rrirh a hlgh powcr_rato). Al$,
tf re elerboltaric pn'ctpirrtor. riry'1,* ; hfrilr 

"d;i
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bul elficicncy ir liglr and por*rr cork oroierroo.
aD!o.
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, l+-r ur loolr_ rt tho eeloctfon of I noflec{or frpm
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ro r-.lpray ton.er lt ir derir.rbto r",*pti* rii" *fi'dni
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hampfe ol colleitor selection-Tabte Vll

UVct scrubbers 
TIl.

''Durllo:dilgtos>'!i*l* a ''' ::'' ':l.r;6;;;,;;;:;T .'',&t'ry'l,:ft,.
'rat,rclB 'frn';n;

c* n"*,r i";;'fl:";;"- nvo I 5 t
Gar rrnrpe*ru* Sgog! 

cttd'

Ger tumidity fr6i iu.lur.

^ 
Durl.cmir:ion.allorabte from oo[octor i;I;,i;.''*frfl1:'::'*!:"' 

r *y: ri -;
-X7,M- x+ x[r" Ib. fr,W at-lt f,0 eIrL

. the rcquimment is to-emit no more rlran 20 lb.Zlr.from a rnarrmum of 200 l;.fi;';;G";;rb,
Cotfe$ion etncicncv ts th"r.dirii i.;;fi";'ff;
of .a firto -o* rh"n I sr;i;.i;;i 

""*:: 

:J,*"
rvltb a 69ao Orrtictc diacrctcr of d rr.
_ rmrn thd note oo Tablc I, ryc ffnd that the brd.tng, '$_,.tjfur,, and th9 priicle ;; .,;;r:-F.,
rhe rabJe in ltet.7, rnouriiiri-CAffi, iprltrif"rr,Liner 4 and 39 faror ftfgh+tfi"t ;.y;;h{ijrfrl*"
olleclorr and fsbric trtterr.

Cptoner aro unluitablg rvhlch il cvideat rinco u.oarc cr,ltcxtiog, durt tbar 
"tLay toiprrili;;;_..

fJTt*::.U" prcciniralom aro rot l,ikcty rtnoc lho
tll-t:l$line*""paciry ir rornervhat .*iU foicoodo!\p.u"g 

-elEcierrcier,. and alm Lo 
"t*"tLl"ru.rlstivily oI an or6,anlc_,_ 1rt nill probrbly'U, ,".htgft.. ilultipto higt,.eficf"trcl. .r"f."* -jr_"krlf

In dremeter and rubloct rr'ntuGig',"rih ,lLy
2rgaolcg', Falric filrerr_, arc a,oetirirt "olfeLn-loo
fho mareriatr. arpegiaily *h".-;;-";ilfti, ,"reoovcr usobls proluct, 

-trnrt ryo ,t 
""f,f 

-trp - 
rf,urticttng pmblan in mlnd. t%r;r;lrk; i'iii j""

qr4ra-*iil tre desprd.xr io *i,iq ,in.i'i, iiliii""",frk.yy asaia. 
-proxtucr iiii"' t' iiii.'i"'l;;

llefcring to Trlrto L fruipmeat Appltcadoq rroc*n. Ctaor+ celrtdfug;;, rmptngem?nl nnd r.enhrl
111lh,1 orher +qr;pmcnr-ryl# .; ";td;i'Lcautf, kl ut trtilnlc. il4,y arc unrullc{ f* ,*rt;.blng x'ith du r r r t.r'icr. trr*o-";J' ;t,; i*,ii'r,fi"nu
lT-l*ttld tn build ulr conmntrifioo fo, s,oninit rltQ&liAg" : , ': .-'." --

ll.c.rrill qornprr_c earh retrrtlon by pk*ing rfr+optr:.ling cplilrs of prf,surf lorrer gnrl liqirlrl rltonl rnl,!png6. lxEclcrury * ,u"i i"o,i'rr,"1#"J"_fFi* en.

,',;,,]h;'-reiv!t:,-of .rylrrarlnr rha,.scttr{clt roilnrqir* .,

GentrF lmpiage. y:nlurl
'fsgf! I m-!41 , :r. .. : :,:

Fabric
Filtct

742
4.800 s,Om 9.600 4.400

, 1. Errcr*ency
: 2. Pressure locs-:

: ' tiqutd pit. ,::
3, Uquid'6te,gpm.
4. P.esruae lois:

':. gas, In. W: g.
.5. Porur lequired-
: garrftp. ,t ,

6, lb*crrcqulrcd-
'{quidhp. , .

7. Pwtqasl.glyr.
L\. Eqslpment

9t 97: .,

'6t)., ,@
l@ 60

tl 5

74 79

99.6..>99.9
.: .] :

,15 r'-
100 r=-

20 :, 4

158 , 74

_ - cosL $/yr. l,(xD I,AOO 2,OOO 2.2oo-9.rorrtcoir,t/yr. s.soo e.add li,;fi ;:A;Io. Rrccveredpmarrct rs,ooo rs.sio iiiioo ri.diirntue. g/ya
ll. "Rttum..(tftrt lO ,9.200 ,S.36q 

l.fOO ZSTOOO
-Una9l,llyr.

17,. t!.r.tll cogl l.om' TEbfc Vl by Intcr. :. 
:

.- -polatlon$il'r, 3.800 5.000 9.300 ls,ZG)13. Belum 0inc l$-
tinsteh:llyt. lt.s,m IO,5OO 6.6@ l6.e00

*'ols, " '

riptem prernrr+ dttout collcctor - l0 In. v,g.

l'roho. - * dt'T-P:

Pumphp" - mlj{-e*' lrFlp{r
4000 x 6070 !:o,

Eiuctrio oorl -
tp. x apoo*: x o?{o#* *on, *g:- so x hn

lartriled oos!.- ?00g6 X equlphint mrt lrom Fi* ? Xl0tt dtprociatloo/,.r,

ffi{yq rn.flLh $li. irL",i-r*
*':* r,::ryr" ;-# ilL:Uff T,tr,ffi :

of:..q crcdit.for poiluUon+rrntrol c.<lutprnent k akoornltt"'l. For tho r;ika of simpticity, ai;?;:;;;d;;;
fiHff11fidl:,u,.t ooiaiuoor,",r',,,'ii*" .?

An altcmatiys lnarfiorl for qu.lck onrpadron ir lhourcof TaUla yl to obtntn rhs over-all ,;i;i;; il;tn6 rr rho*rr s. Une rs. T;bi; i;ii" ii; i;"';;;I9r 3tl1 ctlloctor aro dillorcnr, +rpeeirlty t;,l;;;
3{ 1tn pg sulkctor. but hohng nt rf,u ,c"r't*tiili
]1*um" lrrrtr lo tho rarnc *"irf"in"i,-iill;il;
tilt,tt ir pmhbty a urr+i r+lcction ,i ili#'"dil;;
f.3 1 ll.a Ltgr.r,r if prorlrrt .ruir*"nt"rnl;fl;ootr nol renluiro clunglng bncr, A l"* rr*i*iJlin$tl ttrulrbcr, +utlr ar rho &ntrifugql';,,dilj:

t{9

ll3t. l,j*. l.po*i1**1. rrr,"-, l*i l*iilil:
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