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AIR CLEANING DEVICES FOR RECIRCULATION OF EXHAUST AIR

John M. Kane*

" Abstract . .- S e L

. There is a substantial backlog of experience with industrial particulate
collectors used to recirculate cleaned air. Applications have been concen-
trated in systems where particulates are mechanically generated and are rela- .
 tively inert or nontoxic, The fabric dust collector will be the usual clean~
~ ing device, although wet dust collectors have been used for a. limited numbex
of applications. Atmospheric air cleanere seldom have dust-holding capacity

" for particulate removal even from general ventilation exhaust systems u‘sed in

- Wheve the contaminant is a gas or vapor, vecirculation has seldom been
“applied. The cost/benefit relationship. will be least favorable where a eol-

‘ ’Zectqr i8 no_trequired e:qcept. to achieve ‘recircuzatiqn benefits. o

' Momitoring of the workspace rather ‘than the effluent air from the air

.~ cleaner has certain advantages and compensates fer in-plant relationships of

. infiltration, additional exhaust ventilation, building eubical content, volume
.. of ‘recircu_lated air, and ite diatmlbution;.j S [T : '

> * The design and utilization of air cleaning devices will be dependent on

" factors_such as contaminant concentration; particle size distribution, ifF
particulate; the degree of removal required; and conveying gas characteristics
“-including volumes, temperature, ‘and water vapor content. In some systems,

‘the fire or explosion hazard will .influence collector selection. Withwet- . -
~ scrubbing: devices, corrosive charadtéri’stiCS“affect;’choiqet.ﬁ-. and contaminant -~ -
rem_ov,al,.from{-thg.sc'rubb_ingf?circuit.iﬁwﬂl' require evaluation. Designs for =~

: jipart'l’cu]ate;renbyal'-'ygﬂlkf’s’e‘lddmi be used for contaminants in ‘the gas or vapor .

. state and vice versa. .. o . T S i Rt PR S

" PARTICULATE COLLECTOR TYPES AND CHARACTERISTICS oot
" particulate collectors fall into two basic groups: 1) industrial alr

" ‘cleaners for removal of the heavy ' concentration of particulates common to - S

" industrial exhaust systems, and 2) atmospheric air cleaners or removal of - - N
:‘tbg'-vgrygl'lghtfcopcjen@nqtion : sph B
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- 1s considered. Ozone generation and the types of applications (high-temperature
combustion, calcinning, and metallurgical stack gas cleaning) nearly rule out the
high-voltage precipitator.

~ The design with the greatest capability for recirculation and the one with
substantial application experience is the fabric arrester, known also as the
fabric filter, cloth collector, and baghouse. Collection efficiency on small

- particulates is excellent--in fact, the highest of the mechanisms available for

_ particulate removal. Although the collector is normally Jlocated outdoors because
~ of its size, temperature 10ss is quite modest because of the 1imited surface
. available for heat'transfer when compared to the pounds of exhaust system airflow.
As most such systems operate in the range of 10" to 12" of water static pressure
' (SP). fan heat of compression produces a 5° to 6° F regain..

‘ There has been 1imited application of wet particulate collectors for recir- o
: culation to the work area. ‘Collectors are usually of the medium-pressure-drop |
(4" to 6" SP) range and preferably have low humidifying efficiency. - Evaporation =
“ of water with the consequent increase in relative humidity can be a limiting - :
‘factor. in wet collector recirculation. -Also, the lower collection efficiency on
small particulates restricts application potential to ones of low concentration
- and/or larger particle:size ranges. Examples would be dust from metal finishing
- operations and mist or droplets from plating tanks. ‘Applications normally involve -
‘those for which fabric collectors cannot be used because of fire hazard. or adher- .
ence to or blinding characteristics to the cloth media.. . -

' Atmospheric Air Cleaners = Because there are frequent attempts to use atmos- '
.pheric particulate collectors ("air filters") for industrial exhaust applications,
a brief discussion of this group of devices is pertinent. -Collection mechanisms

~+ include dry centrifugal; viscous impingement; wet scrubbing, usually with ofl as

‘the medium; fabric filtration, including paper, cloth, and glass fibers; and
low-voltage electrostatic precipitation, where ozone generation can be minimized.
Devices are designed for the collection of the small-size particulates found in -

: atmospheric suspensions. with good to excellent particulate removal ability '

, -Such devices are designed. however, . ‘to collect the 1ight, invisible particu- .
late loadings typical of outdoor air where concentrations are. in the range of
0.05 '« 10™% grains per cubic foot (115 micrograms per cubic meter). Because .
_ particulate loadings 1in local exhaust ventilation systems are seldom: less than BT
.0 grain per cubic foot or 2,000 times that of usual atmospheric concentrations, =
:‘air 11ters can seldom be used for industrial exhaust air cleaning, because of -
“their 1imited dust holding capacity. - They do find occasional application as

Y ~ final cleaners after dry centrifugals on metalworking: application where particle:

" sizes are large and concentrations Tow. ' ‘Removal of oil mist from machining: opera-
tions is another example. ' Here the continuous draining of the collected oil drops :
v,from the collector surfaces. produces a self-cleaning action. :

‘Alr filters cannot be used readily as a backup or fail-safe device dovm- o |

el stream from a high-efficiency particulate collector without excessive main- -

- tenance costs.. With a S-grain.inlet loading and a fabric collector removal
efficiency of 99.9 percent. ‘the -escapement would be 0.005 grains per cubic

~~ foot of exhaust air or 100 times the usual application range for an atmos-i*r : S
. pheric air cleaner : ol

There have been pcriodic efforts also to use such devices to remove the

8 ;.-"smokes. fumes, and other fine particulates ‘that can" accumulate ‘and. form visible
. haze -1n: the ‘'roof truss area. Again, these concentrations are many times those -

- of atmospheric 1°adings which result in excessive mintenance’ and replacement S




s AN‘D‘ VAPOR COLLECTOR TYPES AND cHARACT;RISTIc_s i

" For the removal of gases or vapors from an industrial exhaust system, -
. control' devices usual 1y employ the removal mechanisms of incineration, adsorption, -

- or absorption. = IO R Ny
- Incineration ‘High-temperature incineration is an.effective mechanism for
- oxidatfon of organic gases, aerosols, and most odorous materials. For direct
““flame designs, usual temperatures are 1 ,200° ‘F or higher, the ‘retention time is
0.3 seconds or- longer, and there is a turbulent gas flow. The fuel cost is sub- -
‘stantial since most industrial exhaust systems are "lean," both because the con-

~ - taminant provides 1ittle fuel value and ‘because exhaust volumes involve so.much .
. atr (10,000 cfm equal 22.5 tons. pe_r;houv_’r{),. generally at;,‘low‘_to‘mde,ratej tempera- |

" Fuel consumption can be reduced by catalytic fricineration in many systems
" _with air entering temperatures in the range of 500° to 850° F, sufficient to =

- 'sustain catalytic combustion. Gases must be relatively free of inorganic dust.
~ that would coat the exposed catalytic surfaces; free from metallics suchas  ~  ° ..
arsenic, lead, mercury, and zinc, which would inactivate (“poison’) the surfaces; . . -

- .and free fron gas suppressants such as ialogen gases and S0;.

"7 Because of the high exit temperature and the gases of conbustion, rectraila-

" tion would be impossible except by means of an ‘indirect heat exchanger. Indirect
- heat exchangers can have application to both the direct flame and the catalytic
‘designs, although reclaimed heat is normally used to preheat the incoming gases
-+ rather than for makeup air systems. . PO el e ST

CTa

t102i§f’;“1'nc1net.‘aﬂon'_e’e”q’u'lmér’it’{idmpra"c’:tic,a'lj where air conservation is the only - .
: or gaseous absorption.

etted by water often con- .

" Cost of Ancineration equipnent and the high fuel requirenents nake the fnstal- B

ckings that provide the .

“dimensions in the 1" to 3"
“the vertical counterflow B
5. To provide -




* using W ve steam will be needed along with équipment to condense and store the
dislodged contaminant. .. . : T TP TE L B S :

. FACTORS INFLUENCING RECIRCULATION .
.- Recirculation from exhaust ventilation systems has the potential for the
.. savings in fuel or energy that would be expended if exhaust air were replaced

- .. with conditioned outside air. Also saved would be the capital, operating, and

.. maintenance costs of the makeup air equipment. REEDIE A ST

" There are also special situations, as when using unit collectors for snall-

e volume applications, where the cost of expensive ducting to the atmosphere is

., comection difficilt.

- eliminated or where movement of the contaminant-producing operation makes such a
o ,-ii;jsa'1‘va‘¥‘éfl Value' The savings from recirculated afr from exhaust systems will

| be a function of exhaust volume, plant location, and operating hours. It will

- take ‘a substantial air volume, probably in excess. of 30,000 cfm on an 8-hour-day
.. cycle,: to Justify the added costs where monitoring, bypass dampers, and return
air ducts offset fuel savings. ‘Larger air volumes‘wpuljd_.”b‘ef ._m'di.’(:at.ed where air

:. ;:c]ganing'jldeyi‘vce,s_v}hav_e._‘_tq‘,jpgr added or upgraded. - . o oo L
-~ The fuel savings will be a function of ‘local outdoor temperatures, usual =~ -
ength of the work day, and the required temperature of the incoming air. For

* " many: industrial plants, heat generated within the plant will permit a 55 F

~air supply. temperature rather.than the traditional 65° F. The impact inlet tem-

T perature ‘and plant loc'ation'qn»hem;:‘ savings can be observed from the comparisons :

ooF " reported in table 1. -

S BTU loss = 10,000 cfm + 075

S Note h‘at""th{é"“dvegre_e\:f’d:aj?s 1n table 1 :‘a's'.s'dd_\é-.j}é:4-¥hoﬁ;ﬁ“";c'l'a,'ys and 7-day weeks. f,';

For-a 40-hour week, the number would be reduced by 40 /168, reducing each 1,000

degree ‘days to 238. A volume of 10,000 cfm exhausted 40 hours each week involves - [

Lfor 'ea,\Chv]:!‘OOOv“z‘qve"glrere days-in table:l:. ... oo
s = 10,000 cfm » - .24 + 60
.= 10,800.Btu/hr/degree F- .

= 10.800°+ 24 hr « 1,00 degree days » 40-hours ol eration

.. = 61,714,000 Btu/heating season '
o (.075 1b/ft?® for air; specific heat = .

. Fuel equivalent = 61,714,000 8tu ‘.

Table 1. Degree days per heating ‘season -
(based on 24-hour day, 7-day week). = '

'y temperature




Table 2. Fue'l savings
‘(ga'l 011/10.000 cfm recirculated air/40-hr. workweek)

 Replacement air supp'ly N o
temperature . . B .55°. F . ‘65v°lF.

oy .Ga'l'lons of fuel oil saved L
© chicago e Ny 2,507
© Indiamapolis . 1,123 0 2,103
Loufsvilte o9 660
Memwphis 510 1an.

“For- the Iocations reported 1n table l the resu'lt'lng fue'l sevings are shom

' ,?__;_1n tab'le 2. In those industries for which summer cooling requires mechanical

:«refr'lgeration, simﬂar energy savings caIcuIations wﬂ'l 1nd1cate conservat1on
opotent'lal .

Honitor'lng For 1nert or: nontoxic substances (genera'lly those where large

TLV 's-apply), monitor'lng of the cleaned airstream has seldom been. practical or
-~ deemed necessary for recirculated systems. -For more critical contaminants,
- . monitoring of .the workroom air in strategic locations has a number of advantages -

- over monitoring collector outlet. The impact of. ‘abnormal . contaminant. concentra-
- "\gionsdintthe recycled air uﬂ'l have a varieble effect on. the workrooln air quelity.s ’
epen ent.on: - ‘ L o




c of the exhaust system portion used to confine and convey the contaminant from
"~ the building. Yet backup of prime mover or other system components has seldom
‘been found necessary, and indeed would be a rarity in present-day exhaust venti-
. lation practice. ‘ :

n Likewise. it is difficult to visualize an. air balance situation where ate
bleed-in would be required to compensate for bypassing to the atmosphere the air
‘quantities designed to be recirculated.  (Dampers in the building walls would be 3
of little help;: standby wall fans or: tempered ‘makeup air units would be indicated. ) ‘

o . Industrial buildings are far from gas-tight vessels, and infiltration will repai_r :

_‘any unbalance caused by bypassing the recirculation leg orf an exhaust system
,during a malfunction. . '4,_ , BRI : . L

FEASIBILITY OF RECIRCULATION

T The"areaof greatest appeal xill be the recirculation from existing - 3
fparticulate collectors, where the dust is mechanically generated (by crushing.

S ‘,,;screening. conveying,. mixing,. packaging, etc.). - Mechanically: ‘generated dusts . . !
- sre relatively large in particle size and most - readily collected. .  The collection =
o efficiency of many of .the: connected dust: collectors. especially those of the
- fabric type. is ample ‘and: would require no upgrading.

2. Recirculation ‘from the above type of systems has greatest appeal for

i :;inert or relatively nontoxic materials having'a high TLV value. For more toxic ,i il \'

7 materdals, fuel savings can be offset by cost of necessary monitoring and the

potential for. employee liability litigation (see.:.item 7)

Recirculation ‘of collectors removing fumes or. smoke from local exhaust
‘ systems would be questionable. The size of the particles makes collection more . i
: difficult and the potential for: significant release to the workroom more probable. BN

Fuel conservation for exhaust systems uhere contaminants are incinerated'” -
ed by indirect heat :




IR AT " CONCLUSIONS o
- here climatic conditions indicate, recirculation of exhaust-system-cleaned
air offers a:substantial energy savings mechanism. Cost benefits will be greatest
for local exhaust systems hand]ing'-nlechanica1_1yvgenerated dusts for which high-
efficiency air cleaning devices are required for external air pollution control.

‘Recirculation from local exhaust systems hand1ing fumes, smokes, vapors, or gases .
will be the least practical. Lt R T S

. Substantial air volumes ‘han'd'lied»by‘ ﬁéﬁhs-of :g;éheréi “exﬁaust 'vehﬂ],ation

. through roof or wall fans, usually containing dilute contaminant concentrations,
 "deserve’ study. of their potential for cleaning and recirculation.. The first step,
" however, would be an appraisal of needs.  There appear to be many such systems.

where exhaust could be eliminated or drastically reduced. Both the low cost of

" -air movers and the small horsepower involved are conducive to oversize selection ‘

" and generous appiication of such general ventilation units.

MR; JAMES. C. WOODLING (Goodyear Tire and Rubber Company, Akron, Ohio): We have
==""The balloons, we have the blimp. Mr. Kane, would you perhaps make a comment -
.7 to_those who suggested that if redundant systems are required, that filters
~or air cleaning devices should be series, opposed to parallel.. - . .

: To place a backup “collector in series introduces ‘substantial added
"pres_sut:e-,lo‘ss;_and'horsep’ow’er‘qons'uinptﬂmjthat_- it 1s hard to justify. In the. .

. case of fabric.collectors, the pressure 10ss on ‘the downstream filter will

e build up to significant ‘values, because reconditioning by any of the clean-
‘ 1:? ' l::ec':_han:. sms ite ineffective until a dust cake or mat of considerable
- thickness has - v G T R R ‘

<during a malfunction of the initial ‘c‘o'l.le_cto.r. v
nvestnent thet could not be econondcally -
‘Associates, pkins,
bout the 8-hou

n_a 24-hour-a-
Bbles na

4 standby basis, 1f the objective is the



But Cap. wouldn't 40.000 cfm makeup a1r exhausted to the atmosphere |
a a better Job? o

MR . CAPLAN: - That's right, but it would cost too much.

MR KANE. ‘There is no such’ thing as too much cost when 1t comes to protection
. abor. 1s there?

MR (:APLAN- I was a Httle 'bit astounded to hear you odd lead to your 'Iist of
RIEhS no-no s. That 1s a time-weighted average problem. . -

- MR _KANE: “If you 're doing that, you wouId certainly want to monitor a 'Iot more “
o carefu‘l‘ly than you would if 1t were 'I1mestone dust. = _

MR CAPLAN: Certainly.

".« HR. DON R.  SCARBROUGH (Nordson Corporation. Amherst. Oh'lo) I wou'ld 'Iike to take '
.~ -an adverse position, come back to. the tandem filter arrangement, and raise a
1. point--that ‘you may-be ‘dealing with a combustible dust. - Now, even though

. the TLV may be technica'ny acceptable in the effluent from the collector, -
+.-v*) and" you:may. have a very breathable concentration, ‘you cannot tolerate the .
. accumulation: .of . sedimented combustib‘le dust within the factory--you're build-
~.'ing-abomb. .In'this case'you'll want to run a very-high-efficiency, very - ‘|Eis
- fine filter ser'lal'ly with:the dust collector to. polish the effluent, and then
" install some.system between the two filters to measure an incraase in pres-
- sure,.should' the -primary filter start failing, (start leaking) and loading . . !JEWS
. the secondary fﬂter.. ‘Having inter‘locked the sensing device, you shou'ld shut
t-"the who'le mess before you rupture the secondory f1'|ter SR L

_JOHN T3 TALTV (NIOSH c1nc1nnat1 Ohio) About c'Iecn'Ing. you didn't ment'lon Cod
- too_much about: cleaning devices for gases, but how would you assess the ;[

. state-of-the-art there? Is 'It advancing, os for as application to what we
re talking abou :

: ‘g 'eaning 1nstc'l'|at1 s v"‘fnot frequent enough for o
._:In the plants: that T v1s1t. 1 see no efforts at recircula-
on or ab {Heat recovery from: 1nc1neration




MR, JAMES C. BARRETT (Department of Public Health, Lansing, Michigan): _John,
~ T would you say a word about low-voltage electrostatic precipitators? Other-
‘wise we will be out checking for ozones. N - : A

- MR._KANE: Low-voltage electrostatic air filters.do not have ‘the ozone generation:

‘ “characteristic of the high-voltage industrial design. Ionizer wires are of -

v very small diameter, which reduced the arc over potential; and because the : .

collector plates are so closely spaced (a fraction of an inch), the voltages
S . involved are much lower--14,000 volts as opposed to 40,000 to 60,000 volts. ' .
o MRs ceguu: " 1 wanted to add a note to this discussion about what goes through:a . -
77 fabric filter and what you can use after it. It's kind of ironic, but the ..

“. . fabric fi1ters for so many years were regarded as so good that nobody did

“much in the way of measuring what came through, or else they were satisfied .
“with just the concentration. 6GCA Corporation has been doing quite a bit of

Tesearch for EPA on this topic as it related to atmospheric pollution. They- .

*find in general that the particle size distribution of the material that - . ..
- comes- through a fabric filter on industrial dust loadings 1s usually about. - - CE
. the same.size distribution as the inlet. I have noted the same phenomemon ... . ..
- in_laboratory tests that I did, even though it sounds reasonable that you =
.+ .. get only the fines through. But if you did get only the fines through, you. - . .
. would have. trouble with blinding on the second filter. However, I believe . ~ .. '~
~_the leakage from a properly operating fabric filter is probably not Just . o
- blown through with the airstream; it's probably a mechanical or physfcal . . . .
R "ﬂ}gg‘:tion; “And it comes out the same mix as 1t went in; there is just less ... .-
cof fte o P : L e e

MR, MAURICE W. WEi (Aluninun Company of America, Pittsburgh, Pennsylvania):

7. wanted to mention something with regard to the ozone generation. In the .
" industrial and domestic type precipitators, the manufacturers generally make
L :?e discharge electrode positive, and that way you minimize the ozone produc:

'MR. KANE: - Itismy understanding thatthe lack of 'sign‘if{c&ﬁ't ozone geh_éfat;ibﬁ/

77 "1n the low-voltage precipitator results from the wire diameter and the .vdItggg

-1 can recall numerous discussions between air filter engineers about the . '
““influence of positive- or negative-charged ionizer wires, but they referred
~.to collection efficiency potential. -~ . .~ "~ . ST AT T
© " The extensive use of Tow-voltage precipitators in residential and commer-
.- cial air conditioning systems indicates,. in any case, that ozone concentra~
tions: have been held to an acceptable range for air supply, whether makeup- .

or recirculated.




