Environmental
Programs

Fabric Filter
Operation Review

Self-Instructional Manual
APTI Course SI: 412A
Second Edition

loadstnal Extension Service Callege of Dngineering Forh Caroline State: Linbverty



Environmental
Programs

Fabric Filter
Operation Review

Self-Instructional Manual
APTI Course SI: 412A
Second Edition

Authors

David S. Beachler, DMG Environmental, Inc.
Jerry Joseph, DMG Environmental, inc.
Mick Pompelia, DMG Environmental, Inc.

Instructional Designers
Jane Krupnick, North Carolina State University
Nancy Tusa, Narth Carolina State University

Peer Reviewers

Dr Norman Plaks, U.S. Environmental Protection Agency
tr John C. Reed, lllincis Environmental Protection Agency
Dr. donhn R, Richards, Air Control Techniques, PC

Mr. Charles P. Sasseniath, Consulting Chemical Engineer

Developed by Morth Carolima State Uriversity
PA Coopomabve Assistance Agreement CT-001889



Ihis project has been funded wholly or i part by the United States Enviromuental Protection Ageney
under Cooperative Assistance Agreement CT-901889 to North Carolina State Elmiversity. 1t has been
subjected o the Agency’s peer review. The contents of this document do not necessartly retlect the
views and policies of the Environmental Protection Agency, nor does mention of trade names or con-

mereial products constitute endorsement or recommendation for use.

1005 North Carobina State Uimiversaty

Al rights reserved, including the right of reproduction in whole or in part n any form.

Printed on reeyceled paper inthe United States of America



Contents

Figures ... .. _ e e e e e RRY
Tables. .. .. RS il

Course Description

O I S e e 1%
AUTIENCE <. e e, 1%
Course Length and CEUS T T 1%

P OGS S e X
Required Maternials ... e, X
Takinig the COUMSE v i ST X
Completing the COUISE ... e Xi

Lesson 1

Fabric Filtration Design and Baghouse Components ... . 1-1
IO O L e e 1-1
Particle Behavior ... 1-2
Fabric Filter Components. ... e 1-3
Filter Medium and SUPDPOM e S B
Housing or Shell . 1-7
Collection Hoppers ... e, SRS U -7
Discharge DeviCes. ... 1-8

Fabric Filter Systems/Bag Designs ... 1-11
Positive and Negative Pressure Baghouses ... 1-12
FHEration Designs ... e e e t-14
ReviEW BT OIS0 e 3-17
Review Answers ................... e e e 1-19
Bibliography.................... U PSP SRR U 121

Lesson 2

Bag Cleaning.............._. RO B PP P PP R PPRTPTPPRPUPON SO
Cloaning SeqUEeNCES ... i e e IR
Types of Bag Cleaning......._..... SO O PSRN ORPPPR L2
ShaKING. . 22
Reverse Alr.... . TR e i -4

Pulse Jet... P U U U L T

Companmentalized Putse-det Baghouses .0 2- 11



AT Course 54124

SO T PP U PP P PRSP RSP PR PR 212
Flewview T XOITISE TP PRSP 213
Review ANSWErs ..o T UV RE PR TP TR Bst
Bibliography.. ... RO RSP UT U PRSP P PRI PRREPPR RS 2-17
Lesson 3
Fabric Filter Design Variables ... 3-1
T EOCU T MY o 3-1
Filter Drag oo U RSO PRTER BT e 3-3
SInle BRO U 3-3
MulLcompartment BagGROUSE . oot 3-4
Pulse-Jet BaghoUSE ... i e 3-5
Filtration Velocity: Air-To-Cloth Ratio ... e 3-6
Bag Cleaning COMPATISONS - PR 3-6
CONECHON ETHCIBNCY oottt 3-7
BROVIEW EXEICISE ottt oot et e e 3-9
FLEVIEW A TISWETS oot oo et o 3-11
Bibliography ... ..o e TP USSP PR 3-13
Lesson 4
Fabric Filter Material ... .. i A
I G OMEITUCIOIN oo et oot e 4-1
Y VoY s W 11 L= = DU U TR SO S P PR L E R PP L PLLEE PR RRMELE 4-2
Falted FlErS e TP URRRTR 4-4
FTEIEIS oo e e 4-5
Fabric Treatment. ... T T U PRSP PRPPPE 4-7
Bag Faiure MEChaNISITIS | e 4-8
Fabnc Tasting. ..o s I TUURR PR IUPRRRN USROS 4-9
Permeability T UV PP PRRTRPPPPPPR PR 4-9
MIT Flex. .o PO ST TP 4-10
Mullern Burst SIrength o TR 4-10
Tensile SIEnQUN TR 4-10
R OVIEW EXOICISE « et e e ottt m e oo 41
TREVIOW AATISWETS oottt o et e oo et e b T 4-13
Bibliography.... . ... ST U TP PR PSP USSP 415
Lesson 5
Fabric Filter Design Review ... S UUUE RV URURUUPR SRRSO OO UUPERT P PRI 51
VT T L O Lo e e e 0B
Review of DESin CrILENIA oo RN
Typical Alr- To-Cloth BAOS. . R S B8
Simple Clolh Size Check ORI UP PRI 59
e P s IV TR TR TR SO PP P PP PP PP RPP TR PRPPPIRERTREEEEEE NN 59
I T e e b Y
Roviow EXOITINm e ST ST U SO PRNOPRIOPPRRS b2



Fabric Filter Operation Review

Review Answers ... e BT TSR 514
Bibliography .. .. SO UV ETSUUUU RPN . He17
Lesson 6
Fabric Filter Operation and Maintenance ... . 6-1
introduction ............. T PSP TP UP PP 6-1
Installation........... TR e e e G2
Operation and Maintenance Traifiig .. 65
Baghouse Startup and Shutdown ... USRI RSO TP 6-6
Startup U 6-6
ShUdOWN. U e .6-6G
Performance Monritonng.......o e S 67
Gas Temperature ... U P U PR UUPR 6-7
Pressure Drop .............. SRS SO S SoSUSU OSSPSR 67
Opacity ... PR 6-8
Gas Volumetric Ftow Rate ... UTTUTTP BEUTPTTU T T 6-8
Composition of Flue Gas...... e 6-9
Recordkeeping and Routine Maintenance ... 6-9
Daily Maintenance ..................... e U PSPPI CEP PP ORURPRPN G-11
Weekly Maimtenante ... 6-11
Monthiy Maintenance ... R PP TP P PR G-11
Quarterly Maintenance ... ST 6-11
Annual Maintenance ... PN 6-12
Bag Maintenante .o 6-13
Common Operating Problems ... e 6-14
Dust Discharge Failures e B-14
Shaker Cleaning System Failures ... ...B-15
Reverse-Air Cleaning Systems. ... 6-15
Pulse-det Cleaning Systems_._...... e ciee..6018
Suggested Readings.......... B U 6-19
Review EXErCiSe ... B OO TP TP 6-21
Review Answers ... U TP VPPV P PO PR B 6-24
Bibliegraphy.............. s U T OSSP PPRTSTPT R 627
Lesson 7
Industrial Applications of Fabric Filters ... ... e 7-1
IMtroduction ... RN PP PR TR 71
Fossil-fuel Fired Bollers ... B R P RSP PSP ;D
Cry Sulfur Dioxide (5O00) Control Systems -5
Spray Dryer with & Fabrc Filter or ESP . U UP PR SRUPPI 76
Dry Injection......... e /-9
Municipal Waste INCIneralors ;0
Other Fabric Filter Applicalions . .. 7o
Capital and Operating Cost ESHmation ... T-12
Total Capitad Costs U e ;1
SHUCTUNE COST 12
Bag Costa/l) e e R

\u



AR Course 510 A12A

Purchased Equipment Cost (PEC) and Total Capital Costs (TCCY . 717

Exarnple CaS@ i 7-18

fleview EXercise TRV UUPRPURR RO UUURPROPEO 721

Review ANSWETIS i U PPR PP TR 7-22

BB OGIAPNY . oo 7-23
Lesson 8

Design Criteria for Permit Review: Problem Set..... SR 8-1

IO UCHON L e OO RI R R TR 8-1

Exarmple ProbBlem. TP PP RO 8-1

R VIO BT C S o o et oo ot e 8-5

Review ANSwWers ... PP T PO PR P 83-11

GIOSSAIY .. RO T U TP Glossary-1

e



Figures

Frgure 1-1.
Foure 1-2.
Figure 1-3.
Froure 1-4.
Fiqure 1-5.
Fiqure 1-6.
Fioure 1-7.
Fgure 1-8.
Figure 1-9.

Figure 1-10.
Frgure 1-11.
Frgure 1-12.
Figure 1-13.
Figure 1-14.
Figure 1-15.
Figure 1-16.
Figure 1-17.
Figure 1-18.
Figure 1-19.
Figure 1-20.
Figure 1-21.
Figure 1-22.

Figure 2-1.
Figure 2-2.
Figure 2-3.
Figure 2-4.
Figure 2-5.
Faure 2-6.
Figure 2-7.
Figure 2-8.
Figure 2-9.

Fiyure: 2-10.
Frojure 2 11,
Frgure 2-12.
Figure 2-13.
Figure 2-14.

Figure 3-1.
Figure 3-2.
Figure 3-3.
Fagure: 4-1.
Frgure: 4-2.

Impaction ............. U PP ST UP PP RIS R U 12
Direct interceplion . o 1-3
Diffusion .............. SRS PURUN 1-3
Typical fabric filter systern (reverse-air cleaning baghouse) ... e R 15
Bags and sUPDOM . PP e 1-5
Envelope fier . e R 1-6
Cantridge fi1er 1-6
HOPPET e 1-7
SR QAIE o 1-8
Double dump discharge deviCe. ... ..o 1-9
Rotary airlock discharge device ... 10
Screw conveyor located IN hepper.... o 1-10
DA COMVEYOT Lo e e e e i 1-10
Pneumatic conveyor for transporting dust from baghouse ... 1-11
Typical BAGROUSES ... oo -1
Envelope baghouse ... R e 112
Cantridge baghoUSe . ..o R 1-13
Pasitive pressurg DAaghOUSE . ... 1-13
Negative pressure baghoUSe ... 1-14
Interior filtration (pasticles collected on the inside of the bag) ... 1-15
Exterior filtration {particles collected on the outside of the bag} ... . 1-15
Dust iniet to the baghouse ST 1-16
SHRaKIng . B P 2-2
Bag attachment for shaker cleaning baghouses................. e T 2-3
Typical shaker DAGROUSE ... oo 2-3
Detail of a shaking dever system ... 2-4
Typical reverse-air baghoUSE ... 2-5
Bag attachment for reverse-air baghous$es ... 2-6
Bag construction for a reverse-air baghouses ... TR PR 2-7
Snap-ring bag design for putse-jet systems ... .28
Typical puise-jet bagheuse with pulsing air supply .28
Pulse-jet cleaning.............. PO U PP PRI 2-9
Pulse-jet cleaning system ... PN 2-10
Venturis used with pulse-jet cleaning............... . OO U U PRSP URPR R 2-1
Compartmentaiized pulsc-jet bagheouse (plenum-pulse baghouse).................212
Sonic vibrations............ . TPV B SP 2-13
Performance curve for a single woven bag. ... 304
Overali pressure drop of a multi-compartment baghouse ... O SRR 3-5
Perormance curve of a pulse-jetbagorarowofbags ... 3-5
Plain weave or checkerboard O £
Twill weave patterns (20 and 3/1) . 4-2

VI



AT

Conrse 510 412A

it

Figure 4-3
Figure 4-4.
Figure: 4-5.
Figure 5-1.

Figure 6-

%

Figure /-«

Figure /-5

Figure 7-6
Figure 7 7
Figure 7-8

Tables

Table 2-1.
Table 2-2.
Table 2-3.
Table 3-1.

Table 3-2.
Table 4-1.
Table 4-2.
Table 5-1.
Table 5-2.

Table G-1.
Table 6-2.
Table 6-3.
Table 6-4.
Table 6-5
Tabie 7-1
Table 7-2.
Table 7-3.
Table 7-4.
Table 7-5.
Table 7-6.
Table 7-7.
Table 7-8.
Tihle 7-9.

Table 7-10.

1
1.
Figure 7-1.
Figure 7-2.
Figure 7-3.

Sateen weave (Salin WEAVE) ... RO VR ¢
Sieving (on awoven fillen . d-4
Feited fabric filter ... TP U PP PR PR PRI OO PRSP 45
Design considerations for a pulse-jet baghouse ... e 5-2
Bag failure location record ... UUTRUSUUUPPPR 6-1¢
Spray dryer absorber and baghouse System ... 7-6
SEIAY APV e e T LTT
Siructure costs for intermittent shaker filters.............. U P PUPRPRTROR 7-13
Structure costs for continuous shaker filters . -14

Structure costs for pulse-jet filters (common ROUSIIGY .. oo 14
Structure costs for pulse-jet fillers (modular) 1A
Structure costs far reverse-air filers o 715

Structure costs for custom-built fIters . 7-15
Shaking Cleaning PArAMEIEIS ... i 2-4
Reverse-air Cleaning PArameEErS ... 2-7
Pulse-jel cleaning DArameELErS ... 2-11
Typical air-to-cloth ratio (filtration velocity) comparisons far three cleaning
ol A T= 18114 < DUTUUUTEU TR O PP PP TP TP TS TOS R RRRPPPRTTREY e 3-7
Cormparison of bag cleaning parameters ... 3-8
Typical fabrics used fOr DAGS oo N Sy
Summary of pretreatment processes ... T T 4-8
Typical A/C ratios for selected INAUSHTIES ... 5-5
Typical A/C ratios for fabric filters used for control of particulate emissions from
INdustral DOIEIS. | e e DY
Inspection and startup checklst.... TR 6-4
Typical installation errors and their effects on O&M ISR 6-5
Typical baghouse Monitoring AEVICES ... €-9
—ommon causes of fabric failures......... e 6-13
TroubleshoOting QUITE. ... o R 6-18
Typical industrial applications for baghouses........... TSP 7-2
Fanric filter performance data ... e 7-3
Pulse-jet fabric tilter performance data ... o
Commercial spray dryer FGD systems using a baghouse or an ESP L £-9
Typical baghouse installalions . AR
Conde to estimate costs of bare fabnc filter systems ... .. VPP /12
Ban prices {3rd quarter 1986 $/f12) ............... SRR P O R PSPPSR 716
Factors to obtain gross cloth area fromnet cloth area. 716
Capital cost factors for fabric filters . 717
Example case capial costs TP R 7-20



Fabric Filter Operation Rewview

Course Description

Phe course focuses on the aperabional aspects of fabrie filters. You will fearn how various tabric tilter
designs operate and how to evaluate the elfectiveness of tabric filter designs in achicving particle
collection. Major topies melude the following:

«  General deseription of fabne filters

c Bag cleanimg methods

= babrw selection and filer tvpes

= Dresign parameters agtecting collection etlicieney

= Operation and maintenance probicms assoctated with fabric ftlters

*  Industrial applications

Objectives

Upan completion of this course, you will be able to do the following:
I Idenuty a tabric tilter system and briefly describe its operation

2. Briefly describe the collection mechanisms for particle collection by the dust cake and bag ina
fabric filter system

5o Name two types of filter construction used for bags in a fabric filter

40 List three ways to remove dust particles from the bag in a fabric filter

A

List seven types of fibers used in making tabnc filter material
& Identify the key design parameters influencing collection efficiency

Deseribe mimimum instrumentation and record keeping necessary (o properly operaite and
maintain o fubric filter system

S Deseribe wypreal operatien and mamtenance problems associated with tabric filiers
Audience

Fhis course 5 intended primartly for air peomit reviewers and air quality inspectors cmploved by

state and locai agencies. The course also provides useful traiming for technieal personnel in proivate

meclustry who prepare air pernnt appheattons and are responsible for operating fabric filters m
complince with air quahity resulations,

Course Length and CEUs

This course will take approximately 28 hours to complete. The number of Contmumg Tdacation
Unies (CHLETS) awarded with successtud completion of the course 15 2.8,
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Prerequisites

Prioe to takine this course, the student must complete andfor pass the hinal exannnation for the ol
lowing AV)T courses:

S1-422 A Pollution Control Orientation Course or SEAS2 Principles and Practices of Aty
Petlition Ceonitrod

You should alse be able o nse acalculator with various math funcions.

Required Materials

Seli Instructional Manual, Fabric Filter Operation Keview
«  bdnal Bxanination

«  Calculator

Supplemental Materials

Video titled., Pualse-Jet and Reverse-Aic Fabric Filters: Operating Principles and Compaonetits
Taking the Course

Start this self-instructional course at Lesson 1 and proceed sequentially through the manual until
you have completed Lesson 8. The review excrcises located at the end of ¢very lesson test your
mastery of the objectives covered in that lesson. The review exereises in Lesson 8 will give you
the opportunity to test your abiiitics in selvsng problems similar to the example problem presented
in that tesson. The video, Pulse-Jet and Reverse-Air Fabric Filters: Operating Principles and
Cennponents, is optional. [f you acquire a copy, view it at the end of Lesson 3.

Fach lesson contains the tollowng:
Learnne voal and objectives
Text maternd
Review vxeroises and Cxercise ahnswers
For cach lesson, tullow these steps:
I Do the assianed readimg and view the assigned videotape (optionat).
2 Complete the review exercise.
i Check sour answers agatist the key,

g1

eview the mstrachion tor any guestons that vou answered incorrectly,
Completing the Course

A tinad exanmation accompanices this book, Fake the final exam after you have tinished the
Course. The e is 4 closed book exam. Do not nse your notes or books.

e fral cvnminaton cots as 10046 of yvour erade and is provided ina separate envelope. To
receiye vour ceribeate of completionsand 2.8 Continuing Education Units (CELS ) you mnst score
0 or above on the exan. Follow these procedures:
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)

Arrance tor someone o be vour test supervisor and orve hinvher the envelope.
: ! g |

Complete the Tinad exam under the supervision of your test supervisor aceondimg to the test

directions.

Alter you have Tinished the exam, have the test supervisor sign a statement on the answer

sheet certifying that you took the exam in accordance with the specitied test directions.

Have your test supervisor mal the exanm and answer sheet o the appropriate registear

below:
Registrar - Private Sector

NOSU Bnvironmental Programs
Hox 7513

Raleigh, NC 27695 - 7513
Phone: (9219) 515-4659

Fax: (919) 315-4386

ar

Registrar - EPA/State Agency

(1S, Environmental Protection Agency

MID-17

Rescarch Triangle Park, NC 27711
Phone: {9193 541-2497

Fax: (919) 541-5508

Your cxam and grade results will be maled 1o you.

Xl



Lesson 1

Fabric Filtration Design and Baghouse Components

Goal

To tanubarize you with the operation of fabnie filters and their components.

Objectives

At the end of this Tesson, vou will be able to do the Tellowing:

1. Describe how a fabric filter operates to collect particulate matter

2. Describe three different types of filter structures

3. Briefly describe three major components of a4 baghouse: housing (or shell), collection hoppers,
and discharge devices

4. Briefly describe two filtration designs: interior and exterior

Introduction

Many industries today tace the problem that their exhaust gas contains too many particles
(particulate matter). Industry can choose among several different types of particulate control
devices to reduce emissions including: fabrie filters, electrostatic precipitators (ESP«y, and
scrubbers. This course focuses on the use of fabric filters (also called baghouses)y to collect
particles. Baghouses are now being used in many industrics (steel, coment, pharmaceutical,
chemical, metal-working, municipal waste incinerators and coal-fired bolersy because they
are efficient collectors of all-sized particles. New regulations (CAAA-1990) place greater
cmphasis than they have tn the past en collecting fine particles, those less than 10 pm by dinne-
cter (PM ). Fabric filters are espectally suited for the control of tine dusts.

Fabric tilters take advantage ot the tact that particles are larger than gas molecules. Therefore,
when dirty gas 1s fiitered through @ membrane, the particles are captured an the tilter while the
clean gas escapes, Parnieles, while Larger than gas molecules, come i many different sizes,
shapes, and textures, Babrie filters are designed to accommodate the unigue propertics of the
exhaust gas ad particles being filtered.

iliers can be constructed in different ways and the filter material s selected hased on s
appropriateness for the geven process (e.g, process gas temperature ard pEh. You wall fearn
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several different ways in which collected dust can be removed from fiiers as well as swhere
dust s stored untid it s properly disposed.

The job of the mspector, the permil reviewer, or the preparer of tubric filter mstallation plans
1o determine if, based on the plaps and fabric filter design, the device will colfect dust as it is
supposed to. This course will give you the tools 1o evaluate fabric filter desten and perfor-
Mance.

Particle Behavior

Iike any other physical entities, particles behave i fairly predictable ways, coverned by the
laws of physics. Particles fromean industrial source generally Noat along m the gas stream. 18
we put something in thetr paih, they would bump into it and under the nght clrreumstances,
<y there That's what a tilter s designed 1o do. But a tifter. by definition, his tiny pores to
allow the vas molecules to flow through it. These molecules creaté a continuons stream around
the fibers i the filter. Small particles could easily be carried with the gas stream through the
pores and into the atmosphere. But larger particles don't have a chance. Because of their
areater inertia, they can't make the turn around the fiber. Instead they keep going straight
ahead until they impact on the fiber's surface. We call this hehavior impaction (sec

bagure 1-13

Medium-sized particles have less inertia. Actually they tend to start going around the fiber
with the gas stream, but they can't quite make it. So. instead of hitting the {iber head on, they
end up grazing it on the side or being "intercepted”. This works too as a collection mechanism
and we call this direct interception (see Figure 1-2}.

Tmpaction and direct interception account for atmost 999% collection of the particles greuter
than 1 micrometer (um) in acrodynamic diameter in fabric filter systems (Bethea 1978). This
tells you that fabrie filters are pretty good air pollution collection devices for particles of this
S17¢.

Fubric filters can also collect very small particles, less than i um in acrodynamic diameter.
You would think this size particle would be carried night atong with the gas stream I fact,
these particles are so small, they just sort of bounce around and deflect shghtly when they are
struck by gas molecules. This individual or random motion causes them to be distributed
throughout the fluid {gas) and is known as Brownian motion or Brownian diffusion (sce
Figure 1-3). The particles may have a different velocity than the gas stream and at some point
could come in contact with the fiber and be collected.

— S i — _ -
|
| ‘ Large |
, 5 Gas stream lines 7 ‘
| ..- - ’ ~ ) - :

- 3 o I
! ; T : - -
| - Iber . 'S

- - »

Figure 1-1. Impaction
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Medium

APETH‘E'E_',; Pyt
TS T e

Figure 1-2.  Direct interception

i Small

(GGas stream hnes
i

Figure 1-3.  Diffusion

Particles can also be coliected because of other propertics that occur in the gas stream. Rela-
tively large particles may be overcome by the force of gravity and settle in the collection hop-
per. This force is particularly important when dust-laden gas enters the baghouse through a
hopper inlet where the large particles fall out of the gas stream before actually ntung the fil-
ters (bags). Particles can agglomerate or grow in size and then be more casily collected by the
fibers. These larger particles are casier to filter from the gas stream,

Soine particles have a small electrostatic charge and can be attracted to w material ol opposite
charpe. Electrostatic charges could, on the other hand, have the reverse effect it the charges of
the particles and fiber are the same. I this case the particles would tend to repel from being
collected on the fabric. Electrostatic charges can be particularly useful for the capture of part-
cles in the submicron range. The use of a selected fiber material or a specialty coated madertal
may enhance particle capture (Frederick 1974). Different materials will develop clectrostatic
charges of varying degree and sign.

Fabric Filter Components

Fabrie Hiltration 15 one of the most common e pollution contrel wechnigues wsed to colleet
peheudate matter. Two basic types of tilters are disposable and nondisposable,

Disposable filters are similar o those used ma home heating or air conditionmg: system. They
can be constructed as mats or as depth filters (12 inches or more). Mat filters are usually made
asing fiherelass bats with a thin metal pliate on the outside o the fitter used Tor structural tem-
forcement. Depth filters are generally constructed using fiberelass fibers. eliss fibey paper or
come other inert materaal such as fine steel fibers to form o deep mesh The filters are very

CHTICIent (99995 tor the collection of partictes Tess than T pm i dianeter but st be replaced

-3



when they hecome Toaded with particulate midter (when the pressure drop across the filter
crveceds desien spectfications ). Pepth filters are widely useful for the collection of foxic dust
materials,

Nondisposahle fabric filters consist of & fabric material {(nylon, tiberglass, or other). These fl-
ters are commonly used to clean dirty exhaust gas streams trom industoial processes. The par-
licles are retained on the tabric material, while the cleaned gas pisses through the matertal.
The collected particies are then removed from the filter by one of the following cleaning,
mechinsmss ¢ 1) shaking, (2) reversing the air flow, or (3) pulses of air. The removed particles
are temporanly stored 1 a cellection hopper until they are disposed of or are rensed i the pro-
[

Nondispasable tabric filter systems are used on many difterent industriad processes {o control

particulale cmissiens.
A Tabric ilter consists of the following components (see Frgure -y

«  Bags. tabric, and support

s Housing crshedl

= Collection hoppers

= Discharge devices

«  Filter cleaning device (discussed in Lesson 2)

»  lan

Filter Medium and Support

The particle collection surface is composed of the filtering material and a support struc-
wre. Most ULS. baghouse designs employ long cylindncal bags (or tubes) that contain
felted fubric or woven cloth as the filtering medium. Woven filters are made of varn con-
sisting of fibers constructed into fabric with a definite repeated pattern. Felted filters arc
composed of randomly placed fibers that are compressed into a mat and altached to a
loosely woven backing material called a scrim. Felted tilters are normally thicker than
woven (liers. Lesson 4 presents more detailed information on both types of filters.

The cloth can be supported at the top and bottom of the bag by metal rings or clasps; or by
an internal cage that completely supports the entire bag (Figure 1-5).

Fust is collected on either the inside or outside of the fabric material depending onthe

hachouse design,



Fabric Filtration Design and Baghoeuse Components

Compartments

Shell

Cleaned (housing)
gas Dampers
I {filter cleaning -
i device)

- Collection
hopper

Discharging
device

Figure 1-4.  Typical fabric filter system (reverse-air cleaning haghouse)

Metal cap

. Internal
7 suUppott

Anti-coliapse ring

End cap

| . Clasp

Figure 1-5.  Bags and support
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Some Buropean and U8 baghouse designs employ an envelope hiter arrangeiment as
shown in Fieure 16 The envelope filter consists of felted or woven faboe supported by a
metal retaining cage. The metal cage keeps the fabric taut as the dust filters throegh and
collects on the outside of the materiab. Clean atr passes out the open end of the envelope.

4

Support cage

Figure 1-6. Envelope filter

Recently, cantridge filters have been used for filtering particulate matter from small indus-
trial processes. Cartridge filters are made using cylindrical pieated Gilter media (stmilar
to the air cleaning filters used in all automobiles). The cartridges are approximately 2-3
feet long and usually have diameters from 18 to 24 inches (Figure 1-7). Dust 1s collected
on the outside surface of the pleated filter of the cartridge while clean air flows on through
the center. The accumulated dust 1s cleaned periodically from the cartridge fibier by nsing
hlasts of air into the center of the cartridge (pulse-jet cleaning described in more detaii in
Pesson 3). A reported benefit of cartridge units is that they can be constructed usmg dou
ble mat tilters, which are efficient (90%) at collecting very small particles (<0 0.3 jm).
Standard bag filters typically achieve 10-20% initial collection efficiency of particles m
that size range (McKenna and Turner 1989).

1

1

'
11

Figure 1-7. Cartndge filter



Fabric Filtration Design and Baghouse Components

Housing or Shell

Baghouses are constructed as single or compartmental units, The single unmit s generally
used on small processes that are not in continuous operation such us grinding and paint
spraying processes. Compartmental units consist of more than one compartinent and are
used 1In continuous operating processes with large exhaust volumes such as electric melt
steel furnaces and mdustnial boilers. Compartmentalized units can have a compartment
otf-line tor bag cleaning and mamtenance while the remaining baghouse compartiments
continue to filter: In both cases. the bags are housed i a shell made of a rigid metal mate

high temperature flue gas. This s done to prevent morsture or acid mist contained i the
flue gas from condensing in the unit, thus causing corrosion and rapd detenoration of the
baghouse.

Collection Hoppers

Hoppers are used to store the collected dust temporarily before its disposed o Tandfill
or reused 1 the process. Dust should be removed as soon as possible to avold packing
which would then make removal veey difficult d not impossible. Hoppurs are usually
designed with a 55 to 707 slope to allow dust to flow freely from the top of the hopper to
the bottom discharge opening. Some manufacturers add devices to the hopper to promote
casy and quick discharge. These devices include strike plates, poke holes, vibrators, and
rappers. Strike plates are simply pieces of flat steel which are bolted or welded to the cen-
ter of the hopper wall. Tf dust becomes stuck in the hopper, rapping the strike plate several
times with a mallet will free this material. Hopper designs also usually include access
doors or ports. Access ports and poke holes provide for easier cleaning, inspection, and
maintenance of the hopper (Frgure 1-8). Vibrators are used sometimes to cause vibrations
on the hopper walls to help remove dust from the walls,

Access
port

[scharge
b - ‘t device
- i
e
e
o Conveyor

Figure 1-8. Hopper
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Discharge Devices

A discharge deviee 1s necessary foremptying the hopper. These devices must be properly
designed, msulated (imomany cases), and operated for the fubric filter system to operate as
mtended. These desien features and common operating problems associated with dis-
charge devices will he discussed m more detaid in later lessons.

Dincharze devices can be manual or automatic. The simplest manual discharge devicee is
the slide gate, a plate held in place by a frame and sealed with gaskets (Frgure 1-9) When
the hopper needs o be emptied, the plate is removed and the matenial discharges. Other
manuat discharee devices include hinged doors or drawers. The collector must be shut
down hetore openime any manual discharge device. Thus, manual discharge devices are
used on baghowses that operate on a periodic basis. However, slide vates are occastonally
nsed wlong with double dusnp and rotary valves 1o isolate the valves when nuuntenance is
Jone ou the valve.

Figure 1-9. Slide gate

Autowate contimuous discharge devices are installed on bughouses that are used incon
tinuous operation. Some devices include double dump {also called double tlap ormckle
valves), rotary airlock valves, oF serew CoOnveyors. These devices are locuted on the bot-
toim ot the hopper

Double-dump discharge devices are shown in Figure 1-10. As dust collects in the hopper,
the wetght of the dust pushes down on the counterweight ot the top flap and dust dis-
charges downward. The top tlap then closes, the bottom flap opens, and the material falls
out, This type of valve is avadable in gravity-operated and motorized VETSIONS,

Rotary airlock valves are used on medivn or large sized baghouses. The vidve is
desiened with a paddic wheel which 15 shatt-mounted and deiven by amotor (Figure -
Py, The rotary valve is stmlar o revolving door: the paddles or blades torm an artizhit
weal with tie housing: the motor slowly moves the hlades to atlow the dust to discharge
Ironn the hopper
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Figure 1-10. Double-dump discharge device

Fiqure 1-11.  Rotary airlock discharge device
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Screws located i the bottom of the hopper can also discharge collected dust from the hop-
por These devices cmploy arevelving serew feeder located at the bottom of the hopper o
remove the dust trom the hopper bin (Figure 1-12).

L.

Figure 1-12.  Screw conveyor located in hopper
Source: Reproduced by permission of Cedarapids, Inc.

After the dust leaves the discharge device it is transported to the final disposal destination
by screw, drag or pneumatic conveyors. Screw conveyors use a revolving screw feeder
similar to the one shown in Figure 1-12, Drag conveyors usc paddles, or tlaps that are
connected to a drag chain to pull dust through the conveyor trough (Figure 1- 133 Drag
conveyors are frequently used for moving sticky dusts or hygroscopic dusts such as cal-
cium chloride dust generated as collected (ly ash/acid gas reaction products from munici-
pil waste combustors. Pnenmatic conveyers use cither an air blower or suction to
transport dust from the hopper (after it leaves the discharge device) to the disposal site (see
Figure 1-143 Preumatic conveyors can be positive pressure or vacuum-type systems.

Figure 1-13.  Drag conveyor

10
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~ Discharge device

Figure 1-14.  Pneumatic conveyor for transporting dust from
baghouse

Torrest veurr knowledge of the preceding section, answer the quesitons e Dart | oof the
Review Exercese.

Fabric Filter Systems/Bag Designs

Fabric filters are usually constructed using many cylindrical bags that hang vertically in the
untt (Figure 1-15). The number of bags can vary from as few as four 1o more than a thousand
depending on the stze of the control system. When dust layers have built up to o sutticient
thickness, the bag 1s cleaned, causing the dust particles to fall into a collection hopper. Bag
cleaning can be done by a number of methods. Collected dust particles are temporarily stored
in the hopper and are discharged using double dump (double flap) or rotary airlock discharge
devices, Then dustis transported by o pneumatic or serew convever. The bughouse is enclosed
by sheet metal to contain the collected dust and to protect the bags from atmospheric condi-
trons.,

Bags

Hopper

Figure 1-15. Typical baghouse
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The cnvelope baghouse consists of compartments that contain envelopes of tabre mounted on
fraimes and attached to the watls of the collector (Figure - 10).

Figure 1-16. Envelope baghouse

Cartridge systens operate similarly to a baghouse that uses bag whes (Figure 1-17). Cartnidpe
baghouses are usually used on smaller industnal processes handling exhaust flow rates less
than 50,000 cfm.

Positive and Negative Pressure Baghouses

Dirty gas is cither pushed or putled through the baghouse by a fan. Whoen the dust-laden gas s
pushed through the bughouse, the collector is called a positive pressure baghouse (Figure
o185 Vendors can construct positive pressure baghouses with weaker support structures than
negative pressure baghouses since the positive pressure w il counterbalance the atmospheric
pressure on the baghouse shell. Thus, these units are tess costly than negative pressure bag-
houses, Limitations, however, do exist since the fan is located on the dirty side of the system.
Premuature deterioration of fan blades, bearings, and duct work can oceur i this configuration
due 1o particie abrasion. This is very important in terms of operation and mamtenance of the
baghouse The fan is an integral component; if it becomes worn out, 1wt cause a shutdown

of the entire baghouse Fans are also relatively expensive 1o replace.
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Figure 1-17. Cartridge baghouse

Figure 1-18.  Positive pressure baghouse

Postiive pressure baghouses usuitlly have short stubby stacks or outlets at the top ot the bag
howse called root montors. "This 1s a problem when stack testing for deternnmmy the comnph
ance statas of the source, because there 1s not & defined duct or stack where the test engineer
can insert the probe. However, the EPA has promulyated Method 30 wineh deseribes the
apparatus and sampling procedure for determiming particulate matter concentrations from pos
itve pressure baghouses (40 CEROPart 60, Appendix Ay Positive pressure systems e used



when tilteringe process streims that contam Jow motsture content and low dust concentration of
nonabeastye dusts, They are also used when handling dusts which are casily renited duoe to air
afiltrnion-related fires.

When the fan s on the downstream side of the baghouse, the dirty gas 15 pulled through the
baghouse and the collector is called a negative pressure baghouse (Figare 1-19). The strue-
e of a negative pressure baghouse must be reinforced because of the suction on the bag-
house shell, The construction costs will theretfore be higher than tor positive pressure systems,
Since the baghouse housing is under negative pressure, there are no pressure leaks, so general
housekeepinge m the immediate vicinuty 1s misimized. The wear and tear on the fan s much
lews than with postiive pressure systems sinee the particolate matter 15 removed by the bags
hetore it can enter the fan. This may be the overnding factor in selecting a nepative pressure
haghowse. However, airinfiltration into these designs can cause corrosion and hopper dis-
charge problems. Negative pressure systems are used when filtering process streams thit con
Lrin Bigh mosture content, corrosive gases, and high concentrations of abrasive dusts.

l Fan N

Figure 1-19. Negative pressure baghouse

Filtration Designs

There are two filtration designs used in baghouses: interior fittration and extenor filtration. In
baghiouses using interior filtration, particles are collected on the mside of the bag. The dust
fden pas enters throueh the bottom of the collector and is directed imside the bag by diffuses
vianes or battles and a tube sheet. The tube sheet, also called a cell plate, s a thin (1/5 o 1/4
b coetal sheet surrounding the bag openings. The dirty flue gas 15 directed inte the bags
thrateh the openings tnthe tube sheet. The tube sheet separates the elean gas section frow the
haghose inlet The particles are tiitered by the bag and clean air exits throwgh the outside of
the bay {Traure 1207
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Tube sheet
(cell plate)

L. e .
Figure 1-20.  Interior filtration {particles collected
on the inside of the bag}

e exterior filtration systems, dust is collected on the outside of the bags, The filiering pro-
cess goes trom the outside of the bag to the inside with clean gay exiting through the mside of
the bag tFigure 1-21) Consequently, some type of bag support 1s necessary, such as an inter-
nul bag cage. Bags are attached at the top to a tube sheet {or cell plate) and are closed at the
bottom by an end cap (usually just sewn).

End cap

Figure 1-21.  Exienor filtration (particles collected on
the cutside of the bag)

The dust Taden vas mlet positton for both filtration systems often depends on the baghounse
model and manutactrer I ihe pas enters the op of the ami, i downwash of gas occurs, which
tends toclean the bugs somewhat while the bags are filtering. This usually allows sliehtly
higher pas volumes 1o be filtered through the baghouse before eleanmg s required. If the gas
enters the bottom ol the wont, the inlet s posttioned at the very top part of the dust happer (bie-
ure 1220 Bottom o hopper lets are casier to design and manutacture structurally than are
the top et However, when using hopper inlets, vendors nuust carefully desion cas flows 1o
avoreh dust reentramment trom the hopper and to make sure that the fhie eas is distribnted
cvenly to cach compartment.
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Cleaned gas

i Hopperinlet —;
i )

Lo

Figure 1-22. Dust inlet to the baghouse
Reproduced by permission of Wheetabrator Air Pollution Control

To test vour knowledge of the preceding section, answer the questions in Part 2 of the Review
xercise.
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Review Exercise

Pavt 1

(he coliecton forees fimechanisms) responsible tor 99% collection of particies greater than b pon

acrodvnumic diameter are _and

chirges can belp capture particies i the sub-micron range

Dysposable filters can be constructed as oras

Nondisposable filters consist of some type ol material.

Filters that continuously clean dirty exhaast gas streams from industrial processes are called

flters.

a. Disposable
b Nondisposable

List the five mayor components of a baghouse.

Bag cloth 1s supported at the top and bottom of the bag by _ or

_, orhy aan) cage that completely supports

the entire bag.

Baghouses use @ number of shapes for the filters including: _

L] e e ————

that s sty made of metal

The bigs i baghouse are housed in afan) o

tuteel .

SOMmetimes it s Necessary t use __with the shetl to prevent maorsture or

acid from condensmg in the baghouse.

tobrie telters that process faree exhbanst volumes from contimuous industriad operations are

constructed as ) LETHS.

Pruse eleaned from the bags is coliected and temporanly stored i a

Accontimuons discharee device that uses the wereht of collected dust s the hepper to operate the

Haps s afan)
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ALAT

drevolvime door

ArAn)

bottom of the hopper to remove dust from the bin,

ACAD

to remove dust from the hopper.

discharge device works samlarly 1o

tses a sorew tecder located at the

Cgenerally vses either a blower or SUCtion

Most U S baghouse destens use many evlindrical bags that

i the baghouse,

Baghouse systems can be grouped accordimg to the placement of the fan betore or after the

haghouse,
haghouse.

haghouse,

pressure baghouse systems have the tan helore the

__pressure baghouse systems have the fan afier the

Fan blades. bearmes, and duct work can deteriorate when the fan s located on the

When dust is collected on the inside of the bag, the filtration design is called

bag, 1t s called

of the baghouse

For intesior filtration, dust enters the bottom of the bag through a

. When dust is collected on the outside

of the

s
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Review Answers

PPart |

e

0.

Impaction

IHrect interception

The colicetion forces (mechanisms) responsible for 99% collection of particles areater than 1
acrody namie dismmeter are Iipaction and direct interception.

Flectrostatic
Flectrostatic charaes can help capture particles in the sub-micron runge.

Aats
Depth filters
Disposahle filters can be constructed as mats or as depth fitiers.

Fabric
Nondisposable filters consist of some type of fabric material.

h. Nondisposable
Fitters that continuously clean dirty exhaust gas streams {rom industrial processes are calied

nondisposable filters,

Bags, fabric, and support

Filter cleaning device

Collection hopper

Shell

Fan

The tive major components of a baghouse are the following:

= Bags, tabric, and suppornt
+  Filter cleanimg device

+  Collection hopper

= Sheli

* bun

Rings or clasps

Internal

Kag cloth s supported at the top and bottom of the bag by rings or clasps or by an internal cage
that completely supportts the entire hag,

Bags

Envelopes

Cartridges

Baghouses use o number ot <hapes for the filters including: bags, envelopes, or cartridges.
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Shell

Fhe bags ina baghouse are housed ina shell thatis usually made obmetal osteel),

[nsulation
Sometimes it is necessary to use insulation with the shell to prevent moisture or acid from

condensing in the baghouse.

Compartmentalized
Fabrie filters that process large exhaust volumes from continuous idustrial operations are

constructed as cornpartmentahized units,

Haopper
Dust cleaned from the hags is collected and temporarily stored ina hopper.

Double-dumyp (double flap or tnckle valve)
A double-dump discharge device operates continuously and uses the werght of collected dust m

the hopper to operate the tlaps.

Rotary airlock
A rotary airlock discharge device works simifarly to a revolving door.

Serew conveyvor
A serew conveyor uses ascrew feeder located at the bottom of the happer to remove dust from the
b,

PPneumatic conveyor
A premnatic conveyor seneratly uses cither a blower or suction to remove dust {rom the hupper.

Hang vertically
Most U'S. baghouse designs use many cylindrical bags that hang vertically in the baghouse.

Positive

Negative

Baghouse systems can be grouped according o the placement of the fan before oratter the
baghouse. Positive pressure haghouse systems have the fan before the baghouse. Negative

pressure baghonse systems have the fan atter the baghouse.

Dirty side
Fan bludes. bearings, and duct work can deteriorate when the fun is located on the dirty side of the

Faghouse.

Interior filtration

Fxterior filtration

When dust is collected on the inside of the hag, the filtration design is catled nterior filtranon.
When dust is colieeted on the outside of the bag it is called exterior filiration.

Tuhe sheet tor coll plate)
for interior fittration, dust enters the hottom ol the bag through a tube sheet (or cell plate).
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