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POLIOTION conrggy gppgy
- September 20, 1974 = -

... T

- Pollution Control Board SO o vi7 ;;'7' S
309 West Waishingcqn,screet‘ L R . 70’2 /6' '
Chicago, Illinois 60606 ' ' '

Dear Mr. V()dell.’: R | ’7 qu ‘f'n Hﬂ”d ,)‘"9 e 7

Control efficiency for existing elevators within
an MPA area in the opinion of Industry Members of the Task
Force should be 987 instead of 997,
the guiding criteria '

parameter. There are very few companies which can meet and
guarantee this performance but in ny ‘opinlon this option
should be left open to those willing to risk the capital,

The cost of cyclones inicially is considerably less, and as
reported in Mldwest Research Institute Report the maintenance
cost is about one half of bag collectors, ~Additionally, there
vould be little, {f any, effect on atr quality, e

Maintaining the control parameter at 997 almost
precludes the uge of high efficiency cyclone, As will be
‘shown later, it is our opinfon that the lowering by 1Y% of
the control parameter will not-allow any mass change from
-bag houses to cyclones but rather Lt allows tho _
to risk the capital Investment, the option of installing
equipment which will have a better,efflciancy during its
life, and with a considerable less {nitial capital, wmain~
tenance, and operating cost.  Since bag collectors requlre
more horsepower pr cfm, 1t is a waste of energy to require
this when we can accomplish the same objective of lowering
the emissions from an elevator by the use of highk efficiency

" eyelones, ' SR ST : e

P ,7'Referrlng to the'attachmencs 1, 2 & 3; it caﬁ'bgj',;,,,:
. seen that the particlejaizc'dlstrlbutioa of corn dust s




ME. Russell Odell . September 20, 1974

Page Two

'generally larger than s micron, the range is from 84 to'~ T
997, larger than 44 micron. - Attachment (1) is from permit
information furnished to the permit section; (2) is cor+
respondence from Ed Campbell and - (3) is from testimony
Vrsubmitted at the hearings by Mr Detweiler.

: The attachment on: cyclone efflciency is from an -
article published in Chemical Engineering, January 27, 1969,
entitled "Dust Collection Equipment" by Gordon D. Sargent.
On page 141 of this article we see cyclone efficiency, re~-
fer to the one entitled High-efficiency Cyclones, - Cyclones
can achieve a high collection efficiency and the record

~demonstrates this, Dr.- Matkovic, in an answer . to Mr. Marder,
testifled as follows.

", . And T think with a single~

stage cyclone I can collect about

97 1/2 to 98 per cent of the dust,

which you can see just a little

bit coming out of the cyclone, which
1 think should be satisfactory for

everybody. . . "

(LaSalle, Illinois hearing of July -

17, 1974, page 949)

On this question of cost, we can refer Lo Table
V1 on page 147 of the attached Chemical Engineering article,
and we can readily see that the installed cost and operating
cost comparisons of High-efficiency cyclones versus bag col~-
~lectors. The total annual cest of cyclones bag house ranges
~from 3.2 to 5. 2 times more for bag houses than cyclones.

1 cannot see how we can justify saddling industry
with the only option of bag houses for control of basfcally
a nuigsance problem at these greater costs when 17 less of~
ficiency will allow an elevator a small option at a great
savings of both initial cost annual operating cost, Refer -
_to Ed Campbell's letter of July 31, 1974 to Del Haschemeyer -
tiLlcd '"Grain FLevator Emtssions," page 3 under expected




Mr. Russell de :

;2 3[Page "hree

'fcmlssichs.r By decreaslng the 99Z to 98%, we ;ncrease therr-
emissions from 17.6 1bs. t0:35.2 1bs, which is still below,

“the 70-1bs. which: he calculated as the max1mum allowaole
-under rule 203(a) — —

I believe all the facts weighed give Justiflcatxon
. for consideration of lowering the control parameter for MPA's
from 997 to 987 and we will st111 clean up the environment

around the elevators. f : , e

I am also enclosing a definition of ‘grain-as was
requested by you. ‘We would appreciate that all these docu-.

- ments be made a part of - the grain handling regulations record -~
R 72—18. : , , )

Sincerely,

5.

Jerry Detweiler -
Mgr. Process & Facility Planning . -

JD/jm,
Attachments




 Eete

.

' DEFINITION OF GRAIN

V'GRAIN: “Grain iar'S— ‘*.erexn usedxncludes :ttie —wrholéJkVernel or

seed of thé ;brﬁ, éb&bééﬁ,:whé;t,VOééé,'ahdfany other cereal,
bread or 6?1 sé¢drplﬁntg;ahd shai1€1nc1u§e‘tﬁe not@alkfihgs; 7
dﬁst and foteign macter which results from har?estihg,rhandlingr
or condlﬁioning.’rTﬁé grain sbéllrﬁé underéﬁéod to bg'unaitered,

by grinding and/or processing.
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errell-Ross Dryer Dust ‘Sam

‘Micron Size. Less Than 105 .
335
1316
1923
2345
3125
..39006 -
5469

0B 72-215 Meldon- Corn pust Sample -

-Micron Size Less than 150
: 1000

1700

2500
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From Testimony by Dr, Matkrevie
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~FUTURA
- CAN FABRICATE
- ALMOST ANYTHING
- YOU NEED—

AT A MUCH LOWER C cosr, |

f | THAN YOU MAY THINK

" “costs, take & new look, The basic

¥ ,,'l! -you haven'i considered loganium
enilpment senaus!y because of high

. * problems of matérial cost havp beén
“$olved.to bring this exglic 'metal into’
compeliﬁon with ame: .alloys»—and- :

cof uﬁs highay wgﬂﬁsucal@d melal...
help you got the maximum benefit

from titanium's éxcellent coﬂosim

msisiance. high s!mngm maueigh: :
. tatioand long fite, ~ . - 7
“We're soeclalisty in hlanium wilhr :
N over 14yearsof exporience, Qurcom-
~ plete production facilitieh and slocks
“f ba!hoonune:ciaﬂymmandaﬂoyed o
Maniuj  Brp zmsiab!e iof use-—-now, :

=00 oYligation, FUTURA TITANIUM

-.2632 North Ontarlo Siceel, Burbank, = .
- Coli.91504/hone (213) 8496484,

g ‘MANUFAGIURING CORPORATION
S ,cydgaagéﬁ Rt e

E:;ch bn" 60
Grm " ffa hd bnﬁ

Call or wriig Ior our new bmchure e

MANUFACTURING CORPORATION,

R
FU’?&!RA TITAPMUM



i »pro’.vm -1 1 ﬁ..

and p;: ds3inle e

n.d—‘—.—w o

3
e

E- ~ available ia rcquur.o. L T
e} Y\ h}w&ae tical example has been s&l i *—“':c:l- s
= ‘girate this :spp*oacn, -vnh sp“aﬁc da.a l.ic.sce-:: wm:ei %

pcx:sxb!-

a belt conveyor.

umss,o:\. the allownbiz emission must bx delerminad”
in otder to mﬂpme filinois Alr Polludea Coniel

Board Form “B” which is required lo7 ail 2ir-cone ’
taminata sources {¥Fig. l). The pmcizss wen;a‘ :a-:a T

for this mmple iz : :

W b ?ts
5000 —) (60 —-) - aoomo;;

Tha al!owabla emission for tris’ process Tale is
“found in Table I of ths “BULES AND RIGULA.

_POLLUTION" (Fig. i), .

. S .00 o Binoe thiere 55 np valae in Fi;uter 1 Iar SOB.G}DT :
: ; o the allowable emission is calculated a3 fotiows: © '
. \ { : LU i " B=b3 P40 where E=Emission Allowed, *‘{
- I.\‘ L e, \“"g : o ml H
R BRCA M e’N RE *"!w:’ o LT I‘«Pmaeu‘{a:e. e
- o o - BSR40
Let’s o =B5(1.935) =40 = 554 12

- ) 3 R 'j‘he inlet gas rale nn:! inlet loading togyuirsd bo cs**-_
: ) : L _plete Form “D™ for this mmn!g 212 espamed 12 he -
o - S;L . ] . . SE0 SCEM and 5.0 ’m.‘.::.slbﬁc iz based o 1‘}";.,‘:_‘3 -
: . Lart : values. For o smﬁc spplication thess values mun
i be delermined. :
‘. s S The inlet Joading cxpressad in Xht/‘c; weuld bas
G tﬁ.ﬂ“ : o (Bpminsd( 11 - VH0M SCEVBY min) ., 20
7 8" mg CTBCF O e @b )L 7 o T e
. Pror to comparing eqiipneat iU's Loportat o n.
o -elder particle slze dud 1o it effect o0 eSdieanoy TR

P following fata is for grain dust from e
- Smart L e e e pain dest oo e bty ma
e . L e . Fo : w e y - - TAE!E 1 : -
- - 7 Lo , '” G’:cin Dust Particle Size Analysis
S R T ] / S : y - Particle Si:e, Microxs
T 7 T ~ i@' i Welght =5, C’umulalur 9555 Probabitioy
R S : (ﬁg R | - 31 S, M and L:sf:ar

26 M ‘*m—.ta :
?'ﬁ . RN y
0.

* ‘The example w‘ac{eu is for lhe collection 3¢ g-s.n . :
“dust generated from eltvaung 50uO :‘ of s soybean la R

Before mnszdxmiz' ct:mpmmt for cr.*:?:::l of L'::.s St

TIONS GOVERNING THE CON' ﬁ’O;a G. Al



3 - Wit dota ere peeded? Wit equipment snight s

e o1

Dust Collection Euimmenl

| GORDON D, SARGLNY, fiopco Chwenical Div., Dismand Shamimek Chemical Co.

o aoldog 8 dist collection puidlam, a emgiose
st first evuluste his v situstion fn ouder bo selert
the most prowising types of colletors, This mtice
puts topether the available facts ol sowrcies that the
eogiover nonds for linckprovod infornstion, After
sanking 8 pocliminery equipment selecidon, puiteble
veoders san be conticted for belp in develuplog the - -
el maswes; An suly aod complete definition of the
peodem o seduos e false stats thut lend fo :
seasterd pliot trials or contly, undonuets Snallotines,
Selecting a duy oollector for elendng m pooosis gas
“suern sa be a chullenge. Some euginers mey try
to fiod shovtouts, and quick estimples pit on both
g How and coliection eBtisnry mey e he entite
sutent of e oolloctor speqification, The sesslt oug
e o Suelfective Initalation shat has to be repleoed, -
Mreating & gsk stoosm, iprclally 6o cootee] pollution,
may vl Joy w moneyanakirn, Byt ooty csn e wisds
- mired, 068 by buylng e chespeit eollecior but by
Memroughly engiorering the who'le sysdeun, 5 4 moge -
-wally doos in oiler proois desiga wiems, -~ -

o bl The wsusl gucitions Bt bnmpdistely arise

< i s cholon of & pump or liest exchanger livve well.

- estsblished soutes: (o tha amswers. By conteast,- tha -
exironnly Leteyogencons natwe of pustioulates In gar =

- Codlceaning

which englinterieg prindples nee elther bcking or pot
- avsilable to the practicing cogineer; equipment man.
- mefacturers snust be relind upon for propdetady dﬁigﬂ; s

j

- aomoentrstions from® 9.0 40 100 gealnsfindt. The:

- e msairoment avd is defined a5 171000 mm, o

gealasfendrs of gas (1000 gralas = 4 1),

- inmtegral it of & pusicess sucli a5

- or neighborhond may noed 10 L protented by 3 good
o sﬂ«ﬁmﬂecﬁﬂa sysiem, or !&sg sequirement ms

S dauRy 27, 199/

o gy
R O,

7 Foundry sand

i

oy é;:m"v: S i )

PHOTOMICROGRAPHS of various. dusts

Heoims has lﬂdxaia wide wardely of equipment for -

atd for prefommancs gaarsnles, a
" Gus-tleaning exquipment discussed T will handle
dus, partiche sdees Bebworn 0.1 a0d 100 mkvons and
wmbowa (p) 15 e comaonly wied usit of paticles

1/25400 in, -~

st oonpeateations e wsuslly gven fa teimy of

A cesners for fumes with muth smaller panils :

. #loe and doadings are beyoad tlse soops of this aticls,
O me combation or catalytie faciarratons, gas or
odor abaerbers or adsarbers, ventilationalr clessens

and min iminators,

O The need for gay ﬂfmﬂag “may e cider {ﬁl‘ i

prooess, pratoction of proBts A collettor sasy ba an

B PIOTESS 4 s praydiying or oo
ausilisty Lo xocover saluable byprodict, The inala
soquirement may b safely, av by reduding tadia o
oombustible dust, Poople and uopery in the P
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sglggting a dﬁs{po!leciimiy;tem is;not as slraighl!oﬁ‘éard ahmoeaﬁre as c@yoéﬁ‘ing W
i ‘@ pump or heat exchanger. Here is a guide to the complexilies of the numerous
= kinds of equipment available, the jobs that they do, and the.way lo select wisely.

et alr pollution Jaws snd to clein up sa nosighily

- Equipment Applications

“o7 7 The many different dust oollector available today
o e seommived dn Talble I, Eqiipment Applicstion

: with: deveriptions, ilutrations, and efBtiorey ouries

- that follow, Raspes sod Dty aabulated aie- typieal

- applioaions, Storo Bucksround i ayslabie o

- the refevenves a1 thio ool of s srticle. §
- oan e found Usiod in the Environmentsl 167
ing Dekbork (Clem,

puckiged vnils and o9 clons

. Table, which simp\Ses 3 revion of the whole ool
T hnstor Beld, The Lible & fatended 1o s used wlpng

“values bt maturally ey vary widely for vmwenal - dry oolleation s the out of peproomssing, Han- -
- publisalions Listed ainder *Congral e G -
slineg
Fing, Oct, 14, 1968) and -
epenially for integrted sysiems,

Performance of the difforvat types of colleetors can -~ o

Iﬂmaﬂﬁgm toi peooedures giva widely d&ﬂ'aiug :

- rowalts on the sume dust; dusy loadings ferted may
. heve been dilerent; puticle chaesctoristios and sren -

putice size may be difpeont, Eickacy ourves must
be el with cwtion and sre digousved . more fully -

a8 Iter yection of this seport,

DRY INERTIAL COLLECTORS

A iy oolléctor bins cestain advontages compared <
to & wet collector, I the duit i & wsdul produ, -




 vantage of voquiing vewition sed # bygoseple,
caling oan e a prolfiem, The «leamsd gas witd mrt be -
od o con

sempletely free of Snes, Without oo ang,
mpriabure Hoits of oguipeent will have to be'
srsiderod. Comosion will be minimum undess the
* funnts . oontatn - (oimosive el
allyfsbdly. - T
Inutidd or mochanios) collactons ae it suiled for
wndiem or cosse patioulses. High - dust-loodiops
g0 bo haothd ot modeisle premune diops - smd
 power conmumption, Stmple condpiction of it tppe -

" Ghun okher bypes,
for s seally clesn ‘viduost, some alher typo of coliocts

. phice of the fnetin] collector, “{he Snetis] or ene..
~onsalcd collectors deprnd oo puticle
gty or opptrifuped fowe Bald,.

Gravity Seltiing Chamber T

'Pdm%-])i&ﬂy gus s direuted tuough s over
Loage proticles setile out by geasity, (g, 1)

- Dust sepuastion suers from semteninment fom nddy

- omvents, o the Hower) dud chwnber, Dot

shebes or trays have oo addod 1o shoten e

sefiling  pod of the poticle, fgronbng  eollnction
- efBeloney, bt meding elowing roudh ware iy

Pertithe  Raning  Cillnition e

rl”ipnﬂ Bad e ¢ Gelegf

: i G,
T Callpting Cyuipmped  BMiltrong

RAtigdnnty

Equipment gemer-

of collecdor pesults in Dower omd sod muiannge -
“Eflbcioncy 15 moll wery Bigh; Lonos,

g devioe muit bo wied fo conblastion with or I
fneatis dn @

sirod duct where velocity diops low evaugh to bt
Comments-ilow miy by hodroms] or werel, -

i R P N s

o s 16 e e £ 50 T v A s s

AFFLE CHAMBER wiss Girection dhboge—Fig, 2

e gravity mﬂmg{ thaber Bs seddaim uped todyy,
Mgt cun b devigned for m apeciBie spplication=rventi.
Iation eostrsctons sovim Lo be. familiar with thenm.
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- Dala reguired for squipment
¥, Panticls siva Sistribution

*2. Contentration —zvaraps and patrame @AW«:’ S

3, Pasticle consity (Gand viscesity® .
A, Buly cemzitdy - : "
5. Monture pontent )
8. Bloctical resiihity 2nd senic properties :
7, Handing chanactesistion—siosion, arasion, frang.
ible, finooulent, adhesive, sticky, listy, bidging
B, Composition TR
9, Revoipry vidus :
10, flammskiity o axpionice timite
L Toxicity limits S
12, Solubiity
Gas chavatiern stics : :
*L. Plowrala—aversge and evioeme velies -
2. Frevsure - - ’ )
-3, Tomperstirs . .
4, Bolstuss oontent, oomdemsuie VEPOIS
5 Compoition end resctivity :
6. Commesive propasies
- Efflaent ' s
0, Desined eininsion of cantsminant kn ciean [£1 o :
2, Method of dispossl of tstovery of colwted nontams
Emamy » S .

* Requleed for prediminary squipment 1eiettion.

Rirmsits &ﬁsr Gpe o proclesning gos to bs fed 6 a
-anore effidiont oollovtor. A pembladtion of

#ited 13 one teat® as bring woed i the metel tefiniag

eition—Tablell

- SKIMMING CHAMBER empluys serotim-rig, 3

shambers avd rsdisntosmiliag - connecting dosts

- disacker,

o\ oo _Fiedvodeiwnes .
“?fs\* {rot shown)
Fal ~Dust hopper
/NG o
: - N
- o vt
“mm“ﬁmmwn

e RN

BaMie Chamber

Princivle-Setiling is «idad by adng mimentum
fromn a dirsstion Gunge. Cas Bow is direcled downe
ward tuoogh & chambee aontainiog 2 bafle around

- whidh the gat is defleted; maanwhile the lager dust
_paticles tend 4o continee moving dewnivacd to be
collatod s bopper for Labes use of removal, {Fig, 2)

Comments-This oolloctor Lakes bess spaoe thap the

* stralghtitumaga - seteling: chambee and los simily
- ehBeisnry,

Ope chiptap design® (ingeoded 1o pro-
tort downatream fons from very conrse waterials) -

hav dimensions given i torms of the tabet duct




s Cﬂaaneﬁ—gaséu:ha:gt

R4 .. smooth transiticn
from dpwnwad
i wpmsﬂ spirad

i Dudl descends_ e
2 wﬂsimp'm

i
2 Dmad‘mpham

it . i ool

{ CYCLONE semoves rorger pamdei-—ﬁg 5

At 4 0 e er e L g s

Skimmino Chamber .~ ,
Principle~The duty g5 stream enters a wnll

tasgeotially; the dust f5 carried to the periphesy by -
e iy, Conceatrated dutty gas & sldmmed by slots
T mdlalmadustbopwmmnduymﬂu{m The

cleaned gas stream from the hopper fs combined
i ;&‘i!.h that leaving oxtally from lhe 3 ing cinmlm'
Fig.-3.)

Comments~Dry  collevtors of medium efBclency
: ,mﬂ; a5 this one have an exitgas shmm that will -
 probably. not satidly moit requirements of dust eols’
lecting. A secondary collector may well be requiced, =

the skdmming chamber bring ured to reduce the losd

of coarser puiic!cs that 200 cwri«l into the mnd:ry :

mlbﬂm' E)
,l.auvere‘[ ype coilector :

Lt I’mdpleﬂ(:as prsses inlo the -vida end of wedge =~ -
- - of pons and must Lake a tharp bend in order to piospe
. throngh sdots or louvers in-the walls, The larger par-- :
Micles- at0 canded by foedtia 16 the napow ead of
;,;»dwdmmbﬁrwh«odmmpmgmlwi;}samu* : .‘
2 fraction of the gas - esm. (¥Fig, 4.) o
o Comments-This eollector must bo followed by a s
mmnd colfector, such a5 a high-eficlency cyclone, 0.

o sqmnto Uis dust from the gas, One author (Strau) v

chumber for cnarss dust,. l@l!mpd_lln um
 for fioe dust, The irged; ueusily

C@mna!mglwnm e

i
'k
4

hows m»;b:ped touvesed “collectors: followed by

g folecs than 10%, is xetumed lotbeametof!helom‘ewﬂrr'?i'f i

T 'Cyclones S

Prindpk—!n lhe mmt common amngement. thei

- % gas enters the cyclone lanzenlnl!y at tha top of the. . :
-5~ eylindrical “section and spirals downward into the

botbom - section, which' fs usually “conical in: shape,

. Dhist pasticles, which have a greater applied centrif- © 2

ugal force than the gas molecaies; accumulats at the

- wall and are camied down, held againit the wall by

the gas velocity, At the bottowy of the cycsone the - .
23 separates from the dust, Bnvs back sp ina smaller

- spleal ‘i exits at the top. Solids arz collected Ina 7~
~hopper and vemoved by a ‘rotary valw, screw con- -
vaof or other such means,  (Fig3.) - :

Conments~Cyclones are one of the most widzzly,
ased collectors. The wait is tow cost, bas no moving
pauls and can be constructed with vefractory linings
for high temperature, up 1o 1,500 F, The commen

- amangement with tangential {nlet, 2od axial outlels
Jor ‘dust and clean gas is shiwn in the schematio
= -diagram, Fig., 1,-Units cau be. designed -for high
" dust “capacity st medium efficiencies and - miedium
“pressure. drop, Wigh efficiencies are obtaloed ‘with

soualler dizeneters sod “higher velocitles, which i
um ks higher pressure drops, Efficiencies of the
high-throughput “and - high-efilctency - cyclones - can
bas compued in Fig, 19, Units msy bs instilled In

cparaliel for targe gas Rods and in sedes for higher
o effidenties (or_for both advmm,es, In combined
o seres-pacailel),

Cyclones may hava variou conﬁgmﬁum and still -
egﬂals on ths auma lmsic pnudpla o! i:cntrifugal,

- ~
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 sepasation. Gas entry may be tangeatial or adal Gas
~exit may be axial or axial combined with a pressure-

‘recovery device. Dast cxit -may be with' gas purge

- or for solids only, with the confizuration Leing axial .

- or periphenl, ‘The skimming chamber, multiple’ cy-

" clone tubes; zad (hs Uniflow cyclone are variations

in the standard design.
~ . Multiple Cyclone -

Frinciple~Since smalldiameter eycloies: are mare
eficlent than large ones  {centrifugal: force for a
given tangentisl velocity varies inversely as the radius
of the cyclone), baaks of small (10 in. or Jess) cy-

- “clones gre amanged in paralle] with feed gas from o
plenum chamber. (Fig. 6.) - =

- Comments~The major advantage is high efficieacy o
~the disadvantage is plugging of the small tobes,

The: indisidual small' cyclone does not operate - a3
efficiently in-multiple inctallation as it would by ftself,

This differenve asises from unequal gas or dust dis-

tribution 10 in'cts and recirculation of gas from dust
hopper back through dust - outlets, Consequently,

-multiple cyclones are best obtained “from 2 manu: -

facturer ‘25 a completo unit in order to ensure good

design.
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Equipment selection checklist-—Table i
Pﬁfﬂmmu and objeﬂiui :
Inlet gas volume. -
Efficiency required

= . Collected contaminant handiing or dispossl means
" Opersling pressure and aliowadle prossurs drop
Continuous or intermittent operation—frequency . of
siatups S ) v

Surgo loads
Guarsniess
Aoceplance iesls

T Dust characleristics .

- Particte size and distdbiution

Oust quantity perhy, -
Eovrces .

Handling chiaracteristics—esovion, sbrasion, frangible,

5T Redyery valpe - . R
- Solublity or erey characteristics including pH
+ Dyl density T
< o< @ chargeletistics . i
T Compesition, malecular weight, réactivity
o Conditions of temperaturs, pressure, mlstyre
Lo Golublo or condensatis componsnts
- Requited oullst temperature -
T Mechanical features :
“Metenals of construction .
. Horale prfenfation™ 0 0
o Utihty eharatteristies. oo o
Limitations on spacomndwelght —©
Propsed fecation=Indonss or ouidbers

floctulent, adhesive, sticky, linty, bridging

[]
Ventui /
: i ]

TSR
A Statted - V-
- plata -

. IMPINGEMENT collector (detail of ons slot)—Fig, 7

DYHAMIC collector for dust removal—Fig. B

Bl ek

BT

~ Claan-gas cutiet
IR "I\ s

Rl Soubblage . o
© medivm spays

4

t-~Serubbar body

= Serubbing ligos dod -
*TITT recovered dust outist




) C!ean—gas om’-t

e 8 R i

Scnabbﬂ;
; l:quur prays
Disty-gas ~oo Scm!zbﬁnz ‘
infet 7 CJ higuor infet .
5 Scrubbing ligeor and
I : fecovered dust oufet 2 x
ol o e i i e G .

in s 111,7;- T

c&lrﬂlFUGAL SCRUBBERS can ba had In mml vefsims-—ﬁg 103 and 106

Impingement Collectors 7

Principle-Gas velotity Is. increased “in-a venburd
and paricle momentum camies the particles through
slots to a fat plate where they drop to a colipctor.
Dust paticles are collected on o swfage whils the
ges stream Is diverted around the plate, (Fig. 7.)

- Comments-Collection of mist is simplified - with 7
this collector, since liguid merely runs down. the

baffle plate, These devices may require rappess to

free dust that builds on surfaces. IF the solids are

* sticky, the swfaces may be continvally washed by
circulating water; this film, besides cleaning lhe sur-
face, prevents re-entrainment of particles.-

.
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- imgeller and casing that employs centrifugal force to |

- obtain product or to disposs of a5 waste,

- reduced,

- aver 3 wide range dependirig on the dsilon; Equin.
. ment sire and faitfal cont are rensomalile, bﬂt opers
g oont s Wigh, espectally for ligh dlficie
o mqum:x largo pmv@r Mminpﬁom :

Dynamic Collector ,
Priceiple~This is a fan with a specially designed

collect particles at the- periphery, where they are :
drawn off in a concestiated stream, (Fig. 8.) - ;

_Comments~The unique features of this collector
are small space requicement and low pressure drop,

The packaged unit by Awedean Aie Filter combines - ;
exhawter, dust separator and storage hopper. The - .
dynamic precipitator acts as o trug fan-although at — ~ !

somewhat lower -efficiency, 40 ta 50% as against
60 ta 63% for a hn dﬂigmd simply !or gas service,

WET SGRUBBERS o s

The wt! mbbcr recovers product as a slurry or
solution that requires further processing either to

o @ wet serubbers
. »'The gas is both cooled and washed, -

¢ Cuses way be removed a5 well a3 particulates,

* Corrosive gases may be neutralized by ) pmpet
cholca of scrubbing inedivm,

*The stack efffuent wually will be well cleaned
but will contaln some unwetied flnes, miﬂs snd a -
steam plume, : e e

*The temperature and 1oclsture: umtent ef ths,; S
indet g% is essentially unlimited, - - S

» Prserieg: conditions must be eaﬂsidemd BT
"o Ylseards of ex;abswa dust-air - mistuses :am T

Ll e e e

aw;td?mmt otwpies mﬂy 2 modeme ammmt o L
of space, ~ : =
- Effidencies viry wm; gmscr in;ml and ' c-an eﬂ:eml




'é(avity Spray Scrubber.

-1 Priiciple—Liquid is sprayed joto the top of the =~
tower and coarse droplets fall by gravity through a-
countercumrent flow of the gas being scrubbed. Dust
patticles 2ee collecled maijnly by inertial- iapaction™

and interciption, (Fig. 9))

_Commcnt;—Eficiencies aud pressuce - drops’ are
low, but the serubber is useful for a heavy loading

of coarse particulates, or for absorplion accompanied

by solids removal. The wet ‘¢cip used on ' top of
foundry cupolas is a spray and bafle arangement.in- .

_which waler both cools the bafle and conveys the

collected dust. Boiler and process stacks have been.

scrubbed vith sprays installed in the stick, thereby
- avoiding an additional farn and separate - scrubber,

Entrainment is controlled by using low gas velocities

when designing spray towers, but this results in large
equipment. Sprays are selected to give large droplels
- that must ke heavy enough to fall counter to the gas
flow, even though they may be futther reduced. in
size by cvaporation, - -

Centrifugal Scrubber -

Principle~Liquid is sprayed into the unit and mixed
with the rising vortex of gas. By impaction and fater-
esption the gas and liquid particles combine and
are accclerated to the vessel wall by centiifugal force,
There they are collected. ‘The wetted wall also atds
coflsction. (Fig. 10a, b.) )

Comments—A variety of types have been developed

based on diffeding of droplet forming and of pro-

moting cyclonic gas action. Vaned bafiles: (Fig.- 10a)
- direct gas flow and convert velocity pressure.to drop-
* Jet formation_enetgy. Sprays may be installed axally
for radially-disected droplets, or circumferentially for
tangentially introduced sprays. For higher pressures

i
!

it eliminalor— - o ol
Berubbing tiguer -
: Las oo

3

e Bt S B

- PEsking suppor <11

.5

© of 400 Psig. or so, dmp!et size is 50 1 or less, instead
-of, say, 500 g, 0TS0 e e

'Imbingeitnzent Scrubber

: Principlé-’-The gas stream, carrying both dust par-

ticles and waler ‘droplels from préconditioning sprays,

is directed through perforated. plates to impinge on
bafile plates.Gas’ velocity acts ta atomize water on

‘the pesforated- plate. Enlarged particles are collected

on vaned mist eliminators and aré withdrawn along
with the solids collected in the liquid ovedlow from

- the impingement plate, (Fig. 11.)

Comments—The scrubber is similar to a sievesplate”
columi and- usually has from one fo three plates, al:
theugh there may be more, Extra stages can e added
later. Each hole in the “sieve” plate has a- bafile or
“target” above. Flow is countercurrent. The gas rate

', in the perforations is high; 75 ft./sec. or more, and

is used to provide atomization of the liquid on the

- plate. Plugging of holes, which may be % -in, or
- Jess, is not as much of a problem as might be ex-

pected, owing to the agitation as well as to the gas’
preconditioning ' sprays - that - wet the underside of
the plate. Soluble gases can' bo effectively ‘removed
along with the dust. i

Packad-Bed Scrubber

Pﬂnclﬁlc—-\‘letled packing provides: an impinge-

ment surface that prevents reentrainment. The liquar
provides a means of washing off dust and conveying'

it in a shurry or solution, (Fig. 12.)

Comments—Packing may be fived or it mzy be a
floating bed of low.density spheres, The advantages
ere:low cost and simplicity, -corrusion - resistance,
and-po moving parls. Dust collecting may ba sec-
ondary. to"direct-contact cooling and - gas absorption.

mrmwc weat ;@bbvgfﬁg: 13 o




Cascs to be remmed are belo“ 1 Co by mlume :

The ‘usual countercurrent packed ‘tower has almost <

_vio solids-handling capacity, since solids tead ‘to plug
the packing and support-plates; which: can. then be

fparallc:l ﬂow wlule the body of the packmg is xm- o

galed from the top in erossflow, " 5
In-a floating bed of plastic spheres, pachng move- -

: ment he!ps to free the sox-ds

cleaned” only by removal. Crossflow  scrubbers: ‘can .

o V'hand le dust Joadings up to 5 grins/caft. by wash-.

g the face of the packing ‘with spriy nozzles in

1t G T O R 1 Ny W

: Dynamu: Wgt Scrubber S

'Princa'plé—'Liquﬂ is: shéarpd nieéh:nii:ﬁlly;tb break:

-the Equid into droplets for:collection by inertial im: -
-paction bemcen droplels -and. dust particles. (an .

13.)
Comments—In the sunplat form of dynamic scrub-

“ber, water is sprayed-into the suction of 2 fan, and

- -from reentrainment, The efficiency is high for fine -

the welted impeller and housing holds dust.particles’

particles and utilities are 3 o5 gpm. /1, 0(}0 cfm and

2 to 4 hp./1,000 ctm.

‘ Another. unit, the disintegrator, has totnhng and-
stationary bars  to’ break ‘up_ the water: feed stream

““into fine “droplets. This machine scems_ to be dm

placed by the venturi today.

Power consumption is very high, 10 to 20 hp/
1,000 cfm., efciency is correspondingly high. Rotor
speed - is 330 to 750 rpm., and buildup must be

. avoided to_ prevent rotor unbalance. - Consequently,

a precleanés, such as a cyclone or centrifugal sccubber,
is needed to hold the inlet dust loading on' the dis-
integrator below 05 grains/cuft,; and the temper-
ature below 125 F, (Other colleclors with ‘mechani-

“eally driven elements and a pool of scrubbing liquid

-

. designing to avoid close clearances in the 1 arga where =

are included ‘in the following paragmphs on sub.
merged. nozzlo scrubbers,)

Submerged-Nozzle Scrubber

Princlple—(“as passing lhmugh a noale or orifice
is scrubbed by the liquid and also atomizes the liquid
(assisted- In_some cases by mechanical ‘means) for
further collection of dust particles on the droplets,

- These “droplets are removed in. a duengagement i

chamber, alded by baffles. (Fig.. 14.) -
Comments~This type of colléctor is taken (o fne-

~clude scrubbers that atomize Lquid entirely by gas .

knetle energy, as well 75 scrubbeis Jn which the gas
merely passes through o mechanleally formed spray,
High-dust-loadings can be handled, especially 1f the

units are designed for continuons sludge remaval-(by =~

conveyor, : screw, cto.). Plugeing Is prevented - by

dry dust meels the spray, The efficlency curve (Fig:

20) is for a self- induced spray” scmbbcr smhout, o

" mechanical input.
Jet Scrubber

© chamber (which may be bafled), (Fig. 13,

. Pfiﬂc!plte-WnLcr ﬂow is used ina jgt e}eciar. both” o
0 asplrato dusty air and 1o provide droplets for col.”
- lecting * particulates.” ‘The - conditioned-dust and - the -

water droplets are separated from the gas in & mﬂingf
C‘ammem;vAn inducod dxa(t -Jf ‘

.umumv 27. lasslcumm




from :he 2as stream.

: Ventun Sc'ubber s

i - Principle=\Water is mhoduccd into’ the Ihroat sec-
o7 tion and. atomized by the “high-velocity gas stream. : . -
% The kigh relative velocity between the accelerating

- solid -particle and the liquid droplet makes for high' o

- efficiency by impingement.” Collection -is aided by -~~~
condensation if the gas is saturated in the reduced-
~ pressuse section of- the venturi, since. the solid par- -
- ticles serve as nuclet for condensing in the pressire-”
_:1egain section. Agglomerated particles built on drop:

lets of 50 x or ‘more can be collected “with-.high
cfficiency in « subsequent cenlnfuga! co!lector (F:g
-16)

Comment—lhgh efficiencies " require high power
input; - the' venturi “scrubber . can " be. designed  for

large pressure-drops, as much -as 80 in. water ‘gage, o
to collect submicron dusts, Water can be introduced - -
by spraying or by weir overflow, Efficiency is shown

in Fig. 20, and approaches 100% at 2 p and 22 in,

water gage. The eqaipment is simple and can be fab- -
“'ricated in a viriety of materials for corrosion resistance. =7

FABRIC FILTERS .

Dry collectors have already been compared to wet -

scrubbers in the previous section on dry. inertial col-
Yectors. Some functional characleristics -of -fabsfe fil-
ters are similar to those of inertial collectors: product
is collected  in usable condition, cleaned gas s un-

cooled, and secondary dust problems can ba created -

‘tu handling recovered dust. However, the fabre
filter can handle mich smaller particles at high
efficlencies. Temperature - Is limited by the . fabrics,
Moisture content is limited - beeause cold spot con-

o= ~densation can- cake solids and also. cause corrosion.

: Principle=Filters for industrial “gas * cleaning - are
- both bag and: envelope type, with woven or felted
. ~fabrie, and nade from  natural or synthetio fibers,
. Disty gas flows through a porous- medium’and . de-

posits particles ju the volds, ‘As the volds Gll and "~
¢ake builds-on the fabre. surface, the pressure drop.© -
Increases to a point where the solids must bo-re--

* maved,

A Commen!sd"ilicrs are uwd for high - cﬂldenc)’.:,
‘;;‘_,',99-!*%, -om-small- particles fn’ the submicron range,
7 Filters will continve to function effectively even when
- gas: properties. and’ process: oondadmu ary. Costi

are moderate,

7 'wa!er is usual becausé hxgher \-:ﬂues requxre \ery
' high . water 1ates “as- well ‘as” excessive - power. The
jet scrubber can be used where it is not economical to
add 'a fan.for a dust collection system and where -

either mist or casily absorbed gas is to be nemoved SN

FABR!C mm (collecdon lnstde bags)-»rl-‘ig 17

The pﬁncipa! limshﬁon i tcmpemlum. with &
maximiim_of 550 F. Cooling“a “very_hol. dirty’ gas -
pia ng ssommmls in order lo pcrmil ming " tabdc

Ty o

VENYURI SCRUBBER (detanl ot throat)—-ﬂg 16

= Dusty gas

Co:lecled dust

e o i il . A A A B

- Space: rcquxred is hrge but may be accepbub!e becauseb 7

the recovered materdal 15 dey ‘and ready for cither. use

Cer disposal (unhka webscmbber reooveria)
- lulermmenﬂy Cleaned Filters i

One type of filter s clenned inlcnnltteudy by shub‘: B
_ ting down the process and using shakers or reverse-
. alr-jets to remove the dust cako, Another type oper.”
. tes contindously by sequéntially eleaning one isolated: %~
~compartmet -after - another, -As the - compartments *

comprising the filler aro cleaned they are put online

- agaln, Theso filiers operate at afrvolume/cloth-aren’ -
= ratios of 1B 103 cfmi/sq (5 of filker: -area, or.In torms
“of velocity, 15 10 3 ft./min. Filter media are wover
“fabrics chosen: for ﬂwrmzﬂ. chcmk.al and. -
: mnduranoe gFig. 17).
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" Cleaned-gas ou‘.‘e’

> c.eanmg o

.__Frame bag
support

FABRIG FILTERS with reverse air cleaning (dust cofiected outside and Inside bags)—Fig. 18

Continuously Cleaned Fmers

Continuous cleaning of flter media without isolahng'
any part of the equipment is accomplished by a trav-.
elling blow-ring ‘or by reverse-nir-jets, Thise cleaning-

methods are so thorough and Jeave so little filter cake
that woven fabrics cannot be used without loss of

efficiency.® Hence felted fabrics ‘are employed ® Air

flowrates of 15 ft./min. are usial and result in more

compact baghouses. This kind of filter permits higher .-
dust-loads, but-fs more_complex, hence has higher -

first cost and maintenance. {Fig. 18.)

ELECTROSTATIC PRECIPITATORS -

The clectrostatic p;écipltalor has ;}\e advantage

* Voven' fdtery i porovs, and do not filler oﬁ'mn!hv wntil o coke

" of dust bs built wp.

i . ,{ ]
/3
Reverse-ar

. b'owef e

Reverse—alr T
7 cleanirg }

S~~ipust hobpe,f S

c!eaned-gas outlet

e ﬁ‘ - . m—-m.sty-gas mlat
i S fer i A 1 Ramyﬂ air nazzle.
Rewe(se—axr 12 27 eavelling g

i’ i

sy '7\:~V-'Duslhcpper
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"_of permitting dry collection, and’is highly eficient
on small_particles. A fabric filter might be-a first
choice, however, unless the process. streami is_ hot

- . or corrosive, If the particilate is coarse, n wat serub-
bér is lower in cost. But the pressure drop for the-

“filter. or scrubber will be higher.than for the precipi-

tator, and the scrubber’s operating costs are likewise.

higher, Capxtal cost of clectrostatic - precipitators is
~usually the highest of all collectors, but'a complets -
economic comparison must be made fnr a true pic-

,luxe.
l’rindple——'l’ho gas between a highivoltage eléc.-

trode and a grounded (or oppositely charged) elec-

trode, -Is fonized. Dust particles are charged by the

electrode, wheré “they adhere. Mists run off - the
collecting surface, often aided by -addition “of irri-
gation ‘streams, Solids “are most comnionly removed
" by rapping with hammers or vibrators, although re-
~'moval ‘can. be by washing or_ scraping. Pipe:type -
precipitators ara used for mists” or- ater -flushing,

aad plate-types are used for dry collecﬁon and large o

gas flows. (Fig. 19.)

Comments—-Although thére is: wldesprcnd use of S

- ¢lectrostatic precipitators and fundamentals are well- -
developed, piloting a precipitator application is often
worthwhile, ‘slnce - particle: properties may vary be- -

_- tween fnstaltations ‘and ‘theoretical efRiciency s never
‘sttalned, Some commion- applications ara- the collec

“tlon- of fly ash _ from pulveﬂzed«coal fired - bollers,”
ocementkiln - dust, sulfurio acld’ mis,” 7atalyst-dust 4n.
ofl refinedes, and steel blast-funu o -:,:.;:, Efficjencles

__are high, as shown ia the v

gas -jons and migrate to the grounded collecting

‘of Fig: 20.: Opers = -
- 2 ating temperatures range: froi, '¢.40.700 §F, although:

< units have been designed fee temperatures of 70
e }1000 ‘¥ Pmsure dmp Is smnll dueto.
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EFFICIENCY CURVES for varfous types

In considering electrostatic precipitation, the most
_ dmportant characteristio of a dust is jts electrical con- . -
© - ductivity, ‘The dust: conductivity jnust lie between
“that of a good conductor such as a solid metal and. -
-that of a good electrical fnsulator-and not too near -
elther_extreme. The reciprocal of conductivity; elee:
trical resistivity, #s used to defing this property. For
most-effective_operation of a precipitator the  dust
- resltivity. should -be between 104 and 10'* ohmigm, .
- Perticles with a very low electrical resistivity readily - -
. Josetheir charge ‘on  the: collocting - electrode, only
o be reentrained, On- the other hand, matedals with
- high electrical resistivity coat ‘and fnsulate: the col. -
lecting“electrode, ‘thercby. seducing potential across
the gas. stream; this may lead to a_spark: discharge
- that reverses -fonization and causes reentraloment, S
 Conditioning agents such as molsture, acid mist, and
ammonfa_ can- by added

of dust 'colledirig equipment-—Fig.- 20
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ESTIMATING COLLEGTOR SPECIFICATIONS

To make a_ preliminary ‘selection of ";1' sultabie e

type of gas-cleaning plant, only four basic items are
required:  dust loading, _particle siz0, ‘gas flow and -

- allowable ¢mission rate, Other factors. listed in Table

AL, Data Required for Equipment Selection, will be’

-existing process except - for particlo - size; However, o

= contipiled by Kano -
Loto the ‘gas o mduoe Yoo h :
S s pilot plant trials iay be the simplost approsch

important In’ comparing the collectors that ave inder
consideration,: - :
The -required: factors

can bo estimated “for an

for a process in the dosign stage, both dust size snd-

- loading may be difficult to” estimate, espectally 16 -
-process experdence Is not available within the organi-- =
- zation or from supplicrs or the Nferature, A broad Jist

of processes and usual collector applicatibgu has been. - e

I a tentativa cholco of collector can bo made,
oper--
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“YYPICAL COSTS of various lLinds of dust colfectors ploited against capaci

~ ating oae or more types of collectors on an existing-
process sidestrean or in’a new-process pilot ‘plant.
If pilot apparatus can be chosen and operated,” the
analysis of particle size distribution of, dust-can ba

ignored. The- dust Yoading will be checked in -the =

nofmal course of efficiency measurement, permitting -
direct evaluation for simple scaleup: Many suppliers

have pilat-model collectors available for rantal, often’ -

“with-some refund on purchase of a full:scale’ unit.
Installation and operation of a 1,000 cfn. pilot devics
may cost from $300 to $5,000. or more, depending
on the complexity of instaliation and the auxiliaries
that may. be required. - i )

Going a step further, before making a cholce, wme -

_simple-lab work may prove economical fn the Ving

run. Laboralory data can be obtained from 3u eadst-
ing process by collecting dust samples for particle
size determination, “either in- your plant’s kb, or:
by suppliers or consultants, :

A wicroscople ‘count (described later) is tedfous
but requires only equipment usually available, How-
ever, coMecting accumulated dust from the building
comers or duct elbows, instead of sampling properly,
can be misleading, The particle size may appear finer

or ooarser, agglomeration of particulates may change -

tho size, or hygrescopic solids may change character- -
_ Istics as water is picked up or other contaminants ars

fncluded, o : S

- Lab data on crudely collectod samples can be

. -obtained quickly and cheaply but will probably have .

to bn- supplemented: hater by isobinetio - sampling

- (described later), depending on the size of the project
and the cconomie risk that can be tolerated; - -
-1t may be feasible to praceed with fnstallation and
plan o modify, supplement, or 0dd “stages i the':

- collector.  For- esample, a venturl with. adjustable

pressuro drop ¢an be. jnstalled, n wet: collector can
be 2dded after 3 cyclone, ‘or more stages may ba )

- added to some types of centrifuugal wet scrabber, Sl
- Determiolog the desired cmission depends on gne -
oe:more factoss: alr’ pollution eoddes, toxdeity limils, -

: and. econoniles, Legal requirements of ‘alr pollution,

-+ control. In-the U.5. are very complex, depending on-

- federal, stato and local governments, Laws are gon-
cemned with |

the type and amouat of particulats and -

gaséous emissions and also the appearance. of smoke.

A dust-control system is subject lo future, more lim-
iting legal requirements and should be selected with
some thought toward futire improvement,

" To determine emission 1equirements of & particalar
location, - government agencies should - be: sontacted,
‘The permit system is_used by ‘most contral agencies
in this_country and should be jnvestigated early in

" -the program, Literature on air pollution is helpful as

a source of pollution Laws, (See “Pollution Laws™ in .
the references at the end of the article.) A digest
of state Jaws33 (Dijgest of State Alr Pollution Laws)

and a bibliography®! are available from the Covern-

ment Printing Office. - Obtaining ‘the Information is
simple, but interpretation and compliance may bo a
problem, which is not withii; the scope of this article.
Hazard control may be an added initial requirement,
Data are available for many dusts and vapors, al-
though reiy materials may requiro some lab: work,
Dust ‘hazards 10 consider are explosive. ¢oncentra.
tions swith alr, flammability, and tosicity to plant or
animal life, including radioactive hazards, Vapors in
the gas stream must be checked for explosive limits -
and - toxicity, ‘A summary: of properties Is given'in
the table - “Explosion  Characteristics ‘of ~ Various

_ Dusts™: It will be noted- thatconcentrations. In-

volved in gas cleaning are usually below the mintmum
explosive . concentratiop,- Recommendations for “safe-

guards are contained in the safety codes of the Na: -~
tonal Fire Protection Assoclalion? . .
" A'very broad guide to allowabla emission may be -

* drawn _from the Tollowing. Emission Ymits uader an ~

early codo permitied 0,85 1b. fly nsh per 1,000 1b, of

gas comected 10126 carbon’ dioxide, This is equal fat
© to 048 grains/cudt, Nower codes lmit-emission to - = =
023 geains/endt, Fine particulate malter of 001 10" =57

-0.02. grains/cw [t is the Nmit for a power plant ¢mise
slon that is to be invisible, Besides particulate con-
centration, - the  particle” size - and refractive fndex -
- of the material affects light-seattering ability, .+ -

 SAMPLING AND ANALYSIS

~Sizing a proposed collector or checking the per-
- formance of Installed cquipment may very well re.
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) qulm sampling and anaiysls to de!ermme dust Ioad-'
+ - ing at inlet and ontlet. Or'a sample may bo needed ™ =

" for particle size determination. There Is a-variety of
techniques which can"be used, permitting a ‘chofcs = =

" depending on convenience, cost or accuracy. A sum-
< mary is presented in “A | Sampling and Analyz-

' Ing Instruments.”?- As will be scen, test equipment

~chofce depends on the process characteristics, so the

cant weight of solids,

: The gas flowrate must first be measured For most
“-process gas streams the pitot tube and inclined man. -

- omelér are suitable. For obtaining 2 rough measure

" be used, High velpcities In small dacts may be meas-

-~ ured with an orifice or a venturl ineter, Methods are
- disaissed - in Perry? and the Westem Precipitalion'

~ bulletin \WP-50,44

There aie many means of measuring gas veloﬂty

but.the standard pitot tube and differential pressure

" gauge Is relatively simple and reliable, The eperator -

-+~ must be careful that the section of duct I3 straight
- for 8 to 10 duct diameters upstream and 2 to 4

.- diameters downstreim, to ensure uniform” fow; also

 that lbo dust Is rasi!y acsoessﬂ:!e, and t}mt the pitot

Plocess and Vsalety checkhst—-Table I\I

l : 7D|dy gas hea!—remmral or recovery
“Startup preheating equipment

Cleaned gas handling—vent or recyclé B

-2 Waste treat:nent and dnspusal Iacnhﬁes o
< Slorage reqmsfﬂents TR
- Freezeup preteciion
T Axiaries r&:unred L
7 Sontrols and measurements requi;ed

Utilities—type and capmty availabla -

hyout :
Fan Iooabon

72 Actess—instaltation, cieantng. ma!ntenance, samplmg .
" Plantlocation -

- Future axpansions or thtened reslrichnns .

“: Economics .

- Equipment costs
~Operatingoosts™ .- -
- Recovered material valua

“. - Approvals—insurance and permits N
- Hozard pmtecﬁon—-ﬁammahla, explosive, tom maleﬂals -

Electrdcesl classification of area’

.. Pollution control—alr and water
=~ Investigator must have some idea of the magnitude © * . G WS

= of the answers he fs setting out:to fnd; for example, -

what fate and time of sampling will )Md a sigaifl. -

tubs 15 :boinhné directly upstream, The combined -
pitot-static tube consists of two concentrie tubes; one

_ " for Impact pressuro and the outer ono for static pros-
“~ of velocity below 10 ft./sec.; a vane anemometer may - -

sure,: The pressusa dilfecence, measured- by an ' in-.
clined “manomcier, “is. the  velesity pressurc The:

= standard type "L’ pitot 1:bs is suitable unless dust

losding. or gas humidity - f3 ‘high  eaough to_ cause.

‘plugging, In which case, the special type 5™ pitet
" tubs s used, Wet- and* dry-bulb gas temperatures

aro taken (or use - jn calculatlng bmh ‘gas dcasﬂy
and hunidity, - :
“Velocity ptcssures from manome(cr readings arg
measured -in equal ‘areaz in_the duct and used to
calculate: velocities as in Perry ¥
- The velocxﬁes arg avnmged and duct ﬁnw i! ob

: " meu lup;
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il lamed by mulhplvmg Ihe nd
. crosssectionalarea. o former method is described  in-several  relesenc
s To determine the dusl lcmdmg it aduct, the me:lmd e and the - Tatter s deseribad by ‘Lapple? See
Cof isokinetic samplmg is used to withdraw and col- - also Ref. 44, The sampling train (Fig. 28 is assem
“fect-all dust in a measuced valume ‘of:| 5, matching - bled from o choice of cemponents: “Thanks 1o e
'lhe *1"]{»‘:( \e!oc:ty mth lh;xt in l!m miia duvt and -~ 'growing “interest.Tn atr. pollutioh,” tempozsnts it
i - once had o be madé by the usér are now rorimer-:
: caal]y available. o
oured —.m:l llna s:nnp!er \e!omv ad;us'ed to lhe iso- 7 Equipment is connected : as slmw.. w zhe sc'!zemauc
- kinetic velusity. Or a null bahnce probe can be used arfangement, Fig. 23, with 4 sharp-edsed” nozde,” :
(Fizx. --1 to match shm pressurf lhercby mntchmg 7 Jusually ¥y in, ‘or more in diameter of opéning, point- 0
. ing upstream. Dusly gas is withdrawn at 2 rate fixed”
- in such a manner that the velocity at the face of E
 the proba s within l(‘-% of the. ve!oexty in the duct S

R . ~~"'neas.the: probe.
Popu,oum;ued m'al llum!’ﬂa nnd Mldu .

E—

The g gas is drawn through Qhe samplmg train by
a ‘vacuum: pump~or an - ejector operating on- air, -
- steam -or- watet—and capable of mmnta&ung a fow:
of 35 102 cfm. as ‘resistznce mcmases the ﬁ%m i

e

R a8 NIRRT

7 1 \.'am:'.« A ~owing to dust buildup. - e
i P'ﬁamniu. 1 %% i pump. ‘The gas sampls stream must bo me!en:d by some
N 33::"‘:'"' ] “or ejetlor - - suitable Instrument, such 2 a rolameter, orifide aad |

i ; Thetaometer or -
Duct ond : ihcrm;wp!o SR
;u'rp!mg mnlt :

manometer, or gis meler, The rale of sumpling is.
controlled by a valve foc, varations in ttmpcmtum
i i m%;g\dor density, g
- oust smmun i d . R usty gas picked up by the sample probe is
o ”’“”“ *”“"‘”ﬁ" B Glterad I possighed papér - or sintsredametal” -
!!’)b’e. n& Bhees OF sc{zuzhng ae‘m aged f21: 38
vsually at Jeast $9%% cificicnt, Tie yrobs is traversed
 like the pitot tuba and held st the same Jocailons with =
the samplmg ﬂmv set to ('qu;nl duct \c!nc:x) at that -~ -
K location g
A simplified dmt samplmg may” bs made on the -
"o exit of a wet serubber i€ it I felt that all particles -
aro less than 2 5p and sampling. need not be iso-
kinetic, Also on a wet scrubber outlet the tempera-
- ture of the gas up to the filter must be kept above |
. the dewpoint by heating with an” electric resistance: = .~ .
heater, Placing the - fllter in “the probs assembly -
(where it is heated by stackgas) avoids: condensa- S
= tion, Toss of samplo. or plugging In the wbe betwesn .
. probe aind remota filter.
Sy T T The samplc mllaclor is not lxmitod to paper ﬁlk-n

€ o A B

»
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I papers,” fzirm

Jector, -

- twough & jet to impings on the plate, wwually sub-

merged. Solid pasticles down to 1 ano dﬁummd s

7 after evapoiation,

mmﬂgesmiumis%pwdmﬁﬂmnhf
7 wnd the duration of samplisg time, The -
sample smgsst is oitained, by diflercoce, sfier diylog -
el utsghm« Disidiog the xample weight {in gins):
by €= volume - (fa standand, 0 actusl, cuble

o feet) “ghoes the Just Joading of the g strewm.

Efficicacy of 2 ooliecior fs the difesence detwess -
inlet znd outlel Joading, divided by the fulet load-
- ing. The ASME proceduns for calculating eficiency -

L permits using the weight of dust caught fuitesd: of
either inlel or outlet dmst, .
A particloize analyils should be nea on. the sample

oolletted, Some Hles of particls siza 5.2 prerpgulsite

1o selecting » dust collector, There are many ap

prosches depm«.ﬁn_g on ibe sitnation. Adequate facili-

- ties may already be available within the erganization,
or ft may be ssorthwhile to obtzin analytical equip-

U ment-for the cnment study, i future “gas-cleaning
- problems will justify the effort and cquipment, On the

= other. hand; the poovess- being: studied may be 2
“ = duplivation of an existig plant with mus:h b;ck-f -
© grovnd expediescs fo desw upsa, REI R
LI swners sie oeoded with 2 minimum of oot
and Hime, 1 may be advantsgeous to ool In putside -
* soalytical senviers that can provids the anulysis for
Tess than $100 per sample, Many of the dust collection”
- equipment smanufscturers—if one can be dmsm at.

s point-can proxide the sendce,

A summary of size anslysis fechniques smd dcﬁws, o
i apmmcsl 0 Cupaican. - Exciszenme reoently, 6t oo
2 Methods of panticle-size analysls wie varded to swit o
- the nature of ihe partioulate or the nesds of -
“analyst o theaoethod of sample collection; 8 com- -

-~ plete pictire of fest methods amd devices I beyood

in fact other lyp&s ey e more sunubk. AT
desmphm of -2 variety of 1ach devioes is given fa .
7 Stem 10 p; 49773 a0d Western Procipitation’ bulletia 7
CAYPBDAY The flter modium ' con’ be chosen” fropn
sics alondum, or cellulose ester
sy penmittng relection for special
G s=hidh temperatures, extemely small par- -
- tides, low 3% content media,” or  transparencyof 7
S medu \sﬂza mﬂ wr !.,\m!a tm:!nmt afk&r szmple ools
: Smﬂl«hxnfwcycﬂmmbaum&m“ﬁh& S
“-samples if the dust s cozrse; or'if total dust mesvire-
- Croent f5 net fmpotant, Oss manufachurer {Duster)
... uses the ¢yclone oficiency for simple soaleap (asspan: -
U g oo eBiciency it lost o gas dirm"imlwn) o the -
= raultiple c)*c}e"e nosded for the mmmeml»&wod oo

< the seopt of this articlo, However, it might b well - :
' givo sptny. sﬁmﬁﬁ etamp!:i o( the comm:m!y ursl s

o7 \"h .
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. Arpther {omumon smap!mx devioe, the: lmpmga
-contists of a Hal surfaoe with samghe strexm diracted - 7
) mdlupds that are app!ied in dust eoliector ,wur!;, :

“The Bahén Mizo-Pasticle Claisifier 15 3. com-

bimhm #ir” centrifuge-elobiator, and is an ASME -

standand for particlestring? A weighed saunple of
10 16 20 g is chasgod into the hopper, Fig. 23,
apd introduced through 3 feed snechanism  inlo a

epiral of ale having suitsbls Lasigeatis] and radial

selocitier. A postion of the sample is carried by con-

Ctrifugal foree agaloit the air Sow asd -toward the

periphery of the spiral. The remainder of the sample
wthe smalle, - Yghter: paticles=is canded with air

“fove towand the tenter, The alr is pumped theough
= the unit, by means of an integril fan mpellér, at-a

rats controllad by adjusting the air Inlet orifice. The

‘restdus is weighed alter removal of a light fraction,
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T tn s thons of Stainmnd (Rat, 13),
Miidiendies o roed from an orlerged ourps,
. Calnulating ammmted Syt fram o Hortdpd) Lihtac T
e e Sutd from o b= 4340

L R
[&] musm;ﬁwwmmmmm ; S
4 o

Ly VA : -
Qylong raptins srnited E;‘:&M» DA =L
Sl bt N

p’ e
el piay fraction emated we nm.»cnggng@s:
[ ined drpt Amitipd ax 0,553 % 0148w 232 -
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and e Bgltou weight is detesmised by sligmﬂié_r :
Whe pracesy s repeated 1o oty rine frackions; Each
- e¥oe wetting must be calibrated- on a dust of known -

7 the pmidu shzes Letween 0.2 émlrlm,é the optical

- miciokoope can_be used withont sieves, The method 7
i Laborfous but can be simpliBad by wsag phote. *

v sire disiilotion and the erminal-veluelty vabuos as.
oo speels Ve developmeat of stsodandization tech-

alyiees o disousied by Crandall® R
Oty wicful methods fnchide electronis countiog
byt Coulier counter in which a wasprasion is pay
Buourl s aperhupe, essentially one pasticle at s
Mg, with. electionie soopiding of ench poaticls by

#ae,

e cascle ﬁmgnmw ;p;v:yje;i{;atﬁﬂg} theough a

Jel et o plate where barge particles wre_ondiected,
s fioes gning on to the nest sage, S

- Bhatdiation s applied in the Holler saalyrer ‘o
tha puineiphe of the weiling chamber Jewatbed wader

- oolipchaes; g ae wlesteesn 1o semee 2 Bnes frpo.

Jo W, deprading on velocity: These sethods and offiees
mra gevievod in Perry™ as svell ai othierg b A%, 45
SUA shaaliey

- ddo ot e, j of
+ e may be mom tha o

e wwitted i &

sicvographs or by projecting the image of the par.
teler 5o g seroen. Thearetioal nod practical apects

are coverad in detail in the literature, 9

An_important propeity needed for selecting an .

ehectioptatio precipitator is the electrical resistivity -
of the dust 1y

the dust o if the. equipement designer 15 otherwise
familinr with it,- ' EL

Beveral methods for padicls restitivity messup.
~ o went are discussed in White and resistivities of -
aome epresenistive dusts aod fumes are given, A" - o
- #andand method along with appanatus comstruction
“details is given in he ASME Power Tet Code 2830 .- -
and i the APl manual, Elocteostatic Previpitators s

 MeCHAMsMs

_ - Opristion of 2 oollector i
Vv phasess (1)

bo haodled, The messuremcat can -
precipitator is commonly used for -




s “i - Yotal Total =

Pomr Requ]red ‘Water - Maln-" Annual " Annual = o
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oM. Aveug;

S ST R R SQaaderd Pressure Instalied “Cost;
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4. Mulfipla cycions 938 - . 43
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n\‘:m g.rg m u,i;d (%] awa With & 08 5rehet and otk lndnd?la. The Mﬁ;‘h wound i3 Pyken st $2.88 U -
gh sf.j: wEf i Lekan a1 B 081 periowh, TEtientips of fans and o 2rp sy med G5, wmf ?'.ﬂ is 59, 65 ps; 1,00 g«n and
mr&w WRELE IATETLA Kram Amspirist Cansumed) 4o U5, gal R, (Dn-.- ara fram Seeirmand, itel,

m;ﬂmﬁmnu tharges lmluﬂ bngcﬁmzn. mn w)\nr for WWM aml Mnn for -duaw #nd lmt-.ﬂ faters,

af dcpmmm or collection bavie been destsiiod by f:
Lunde snd Lapple®® (a table of puramelér I ree

produted fu Privy, p. 2085%) and o geoerally de-

: mﬂwdhdawmsmmofmdmbndﬂngmxﬁngg' ' :
- paticle, o both, may have a static chirge that will

priodples of oollsctors,

“Crevity Seitling~The weeight of paticles may be :

'mﬁwmwiﬁmm&mnammxgumm.

~whern the dust is moie than B0p i a pravity mniing »

chamber o1 o ballle chamber,

Centiifugal Separation-Particles fa a voriex 85

" Bow are separaled by centitfugal foros and

the cuter wall, as in a -cyelon) or ma :

nﬁzlrm

croeph A fluld s!xemhm oming
o obituele st s o Glicr elensent or water
droplet may cury & partiche within contactiog dfs-

“tanco of the ohutacle, and e colision will zavest the

 paticle on the clemeot or duplet, Seo Fig. 20,

- Mechantmy of Particle Colleciion,

S Inedtind Imspaction~"The nextia of te particks canses - - :
i 10 cuntinue In its path rather than follow the stream- v

- Hos, mvﬁm»amuﬁd !
o "

o gl BT

movemen! drﬂact the path of lha p;ﬂﬁ:le, incma:ing

Tchasoes of collisicn with Blier c.emanu or ‘water

dopitts,
Electrostatic l“;agpimian—u\ colléctor lmdy ora

introduce a- fave 1o ﬁHen:i the mmment of tha
puﬂd@ )

ﬁAMPLE PROBLEM

Oaﬁ«aﬂ oollection efficlency can be c»!culaled by -
usdng 2 oollector eficlency curve In combinatien
with the putics sire Qistribytion

Tthe method of puticls slre meas

for buth cuves, Caloulations me ’imn i Table ¥

ot 8 Wgh-olSctency cyclonn followed by sa elostro-

statie peedpliabin. D% are from Stunnmnddt The

“tent dust used comparer ta & ypleal My ol sod i3 .
le VI, Standerd et Dist Chiaracters:
, ihosa shcmn i

o5, The o
-0 AR ,
From the’ mMm cﬁdemy curve oo sov,
eﬁfﬁmﬁas and the msu:;smadin

¥ uun?s umﬂ

o Ie'@ﬂdfd {hat
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PARTICLE-SIZE - distribution of ‘Fig.. 28, plotted “with-

Iogarithmic abscissa (partict S

e size)—~Fig. 29 o

5 A g i =
LOG-PROBABILITY curve for pariiclo-size distribution of

abova figire—Fig, 29
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“z:The eyclong has a-collection’ efficiency’ of 8415 77

" precipitator collects 8545 of the

lectors for a particular application, the elficlencies are

Jection can be compared ‘with the cheapec fnstallas

- by Statrmand®® and are adjusted to curvent U3, costs

- oost but efficiency is high and power costs are reason-

- and collected by a cyclone, the dusly gas then going

~ Ineliclent wet collector to mest zir pollution abate-
- foent requirements and to recover produet, - - - ¢

“efBclency” can ‘be used to determing - dust-loa
‘and ‘water evaposated  in the “dryer,  Mig

<30 counts of dust samples collected downsiream from

s:ze inccoment. For example, 'lé%"éf;lhé; grbtja'!‘ dust
- i less than 2% . and the midpoint of the range
~is M4u. The cyclone efficiency is 33.5 at 1gp -

- and emits 159 of the inlet dust. The electrostatic -
i cyclone emission. - i
The combined efficiency is 97.7%. - ) v

EQUIPMENT COSTS

Costs shown on Fig, 21 are manufacturers’ prices
for dust collectors only. System costs must be de-
veloped for the individual ‘case, adding the cost of ~. -

= freight, foundations, suppoits, erection; and auxiliary’

equipment. Collector costs may be adjusted for spe-

cial materials of construction. The cost basis year is -

1068, (Marshall and Steveas Inde = 273),

For any ‘one. type of -collector, price may vary

- widely depending on the required duty. ‘The costs

presented are “for “typical”  applications suitable for
‘a preliminary comparison. \Where costs of iystems
are of the same order of magaitude, it is probably .
worthwhile to obtain quotations for each dust ool
fector, - - : - o

Over-All Cost of Gas Cleaning :

“.In-an éoohomio co:ripaxisoh between diﬁ'érent ol
likely 10 be different. The higher cost for better col-

tion, a5 was compared-in Table V, Costs nbove those
shown tead toward an uneconomical equipment choice, -~
while those below tend toward being o good - buy,

. The odginal ‘dala for this figura were presented

in Table VI. Stairmand developed the operating costs . -
of the varfous collector systems cleaning 60,000 cfm; -
gas at 68 FU with an inlet dust-loading of 5 grains/
cuft. of tha standard test dust given: in Tabla v,
with 30% less than 10 4 particla size, - -

Tt s Interesting to note the high-cost units are the
spray chamber (with -a- high water-rate) - and the - .
dynamic scrubber (with a high power-rate). Also,
the electrostatic. precipitator’ may have a high first

able, , S ,
CHODSING A GOLLEGTOR o

- Let us look at the reloction of,,afiol}mibr from

meager preliminary information. Take as an example R
a process in-which organio chemicals are spray-deied -

10 1 3pray tower, It is desirable to replace the exiiting ~

Matedal balance calculations of ‘prodict recovery




7 cause, It

beused -to measure pr’essuxg,ahd,
es, the gas flow is determined,

TUA summary of data looksllke lhis R

i Dust Josdiag to ostieelor -~ .
- Particle size—Product A
. i Produt B
S Product ©
-+ Gas flow at inlet conditions
" Gas temperature
- Gas humidity ' - e :
- Dust emission allowable from collector 20 Ib,/br.
Converting the dust. loading to grainsfeu. ft.:
<. 200 Ib,

. . L mio. 1 hr
=X Xy T
Chr 60 min -

b, 20,000 cuts

The requirement is to emit no more than 20 lb.ﬂm*;
from a inaximum of 200 Ib./hr., or 1095 emission,

Collection efficicncy fs then 90% for a dust loading -

--of a little more than | grain/euft. of particulate
with a mean particle diameter of Spo oo
From the note on Table I we find that the foad-

ing s “Lght” and-the panticle size: “fine From :

the table in Ref. 7, Tndustrial Collector -Applications,
- Lines 4 and 39 favor high-efficiency centrifugals, wet
- collectors and fabrie filters. -

Cyclones are unsuitable, which js evident since we

are collecting dust that already has passed a cyclone,
“Electrostatio precipitators - are not Jikely since the

~_ gashandling capacity Is somewhat small for good
“openaling efficiencles, and also the ~electrical - re-
sistivity  of ‘an organic _ st will probably ‘bs' 1o
high, Multiple high-efficiency * cyclones - are small
I diameter and subject to
- organles.. . Fabric filtess are excelient oollectors for
fine materials, especially when we ‘would Iike to
~recover. usable pioduct,” but we ‘should keep the

= sticking problem n mind, Wet scrubbers will pive

& clean stack-Lut with 3 wet plume; ‘the recovered
- product will be degraded jo valug, since it will have
~ 10 be dried again, Product value fs 2¢/b. dey and
1¢/1b. ‘wet, : S o
Referring 1o Tabls |, Equipment Application, wa

- ean choore centrifugal, impingement and Venturi®

scubbers. Other equipment bypes are: exeluded be.

us assume,  they are unsuited for. serub.

- bing with dust sharsies, Recovered shast sill have 1o
“be recyeled to build up concentration for etonomical

recovery, o . S :
We will compare each selociion by picking the

- At midrange, Kfficiency i read fyoin the_cusves of .
Fig 2o, T T LT O
The “vesulls of comparing the sclected collsto L
o shawn in ‘Table VIL It must be-emplissized that-
this s a preliminary ehoice only, Added: costs such
ks, bag rep is, luggz;‘g:'ns andl: mainie
5,

State air. pollution Jaws fix the emission based on -
. stack helght and distance from' the property ling, 7 -

500200l b
WG <M

= LlTgrfeuts,

to_ plugging with sticky -

o .Exuchin ém&-

- wuseof Tabla VI 1o obtain 7
“ing as shown en Line 12, Table V14, The-ty A
~for each collector aro different, especially In-the gase 7

- operatiog values of ‘pressute Josses” and liguid-yate - -

- of the bag colléctor, 1y
retam™

Centris lmﬁinge; V;ntuvi

cfugal -~ ment-T el

.22, Pressure loss— R T
- lquid, psl, g 60 . 15T
03, Uquid rate, gpm. 100 " 60 - -100 o
-4 Pressure loss— g O A,
- ogas, dnwWgs 4§ 20 - 4

.5, Power requiréd— Shn i
" gas, hp, Ll T4 79 :
6. Fower required - : O :
~ " Hiquid, hp." ; 7. .4 22 ——
7. Puwer cost, $fyr. - 4,800 - 5,000---9,600 ° 4,400
~ B Equipment - - D A
. cost, $/yr. 1,000 1,200 2,000 2,200 -
-9, Yolal ¢ost, Siyr. 5,800 - 6,200 11,600-:6,600
7. 10, Recovered product 15,000 15,500 15,900 32,000
. ovalue $fye, o oo L - S
<11, “Retumn® (iine 10 9,200 9,300 4.300 25,400
S =fine 9), $fyr. : e
- 12, Over-all cost from - )
" Table Vi by inter- - s S R
polation $yr, -3 500 5,000 ;9,300 15,200 -
13, Retum (Qline 10 -
line 12), $tyr. 11,500 10,500 6,600 16,800
Notes™ :

System pressucs without collector = 10 in, w.g

o elm, Xop, o el
T AU PO
Faahp. = 38 x GovL B "52Xp
Purap hp, o 89 X 25 X 231 psi,
PP SO X SO T

# 0.0012 X gpm. X pal,

wmnnn BE kwh, . 8 3
hp,rxra,WO;XO.ﬂﬁi;fE XVO,OI T 700}( hp,

_Installed cost = 2009 % squipment, cost from Fig, 2 %
S 10% drpredn.ﬂou/n-.; - : L o

of a'tax credit for polluﬁohmn?tol equipment fs also
omiited, For the sake of simplicity, the ras-handling

standard conditions;
An altemative insthod

~requirement is_ ai ar:!ual"gonditibns,ralher—*!!mn at

for quick compadson is the
the aver-all cost of gas clean..
Wwo coils

ut Jooking at the recalculated

leads 10 the same conclusions, The fabrie

:Ailter is probably a good selection if product will not
eakq on the bags or if product CO55-06N '

does not require changing bags, A few pr
el serubber, sudh as il centrifugal

LEficency -~ 94 97 ‘995 3999 -

158 7a
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