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NFPA 91 Standard for Exhaust Systems for Air Conveying
of Vapors, Gases, Mists, and Particulate Solids (2015)
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Keg & R R HERE

Chapter 4 Design and Construction (f§#£554%)

4.2.9 Fire dampers shall be permitted to be installed in exhaust

systems in the following situations:

(L)Where ducts pass through fire barrier

(2)Where a collection system installed on the end of the system is
protected with an automatic extinguishing system

(3)Where the duct system is protected with an automatic extinguishing
system

(4)Where ducts have been listed with interrupters

(5)Where necessary to facilitate the control of smoke pursuant to the
applicable NFPA standards

4.2.11 Exhaust ducts shall not pass through fire walls, as defined by

NFPA221.
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Facility Table

Exhaust Special Gas
e pla faeriD F |Exh. Duct| Pre. | Fow | Duct | Material Bulk Gas e Type | Flow
6 |Ultrasoric Cleaner (ETCH) EPCNO10-050 | 5 |GE 500/400| 8" (PP N2
19 |Part Clean-Oven (ETCH) EOVEO010-040 | 5 |GE 116 5" |SUS N2
26 |Part Clean-sand blaster (ETCH) [ESBEO10 5 [SE-G 30 6" |GS
Backside Poly Etch EBPO010-050 | 3 |SE-G 0.0035| 882 250 |PP N2 HNO3/HEHEDHF
2 |SE-G 412 160 (PP
2 [SE-G 412 160 (PP
2 [SE-G 412 160 |PP
3 |GE 0002 | 560 104 |SUS304
EMEI01Z-07Z | 3 |GE 400 6" |SUS304 |N2,Ar,O2,He BC3 | 200
2 |SE 5 50 |SUS305 c2 400
2 |SE 0.03 5 40 [SUS306 SFo6 400
2 |SE 0.03 5 40 (SUS307 CH 200
2 |SE 0.03 5 40 [SUS308 CHF3 | 40
2 |SE 0.03 5 40 (SUS309
2 |SE 0.03 30 40 [SUS310
2 |SE 0.03 30 40 ([SS
2 |GE 4"
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Safety Consideration

- Chemical & Special Gas
- Flammable, Combustible
- Toxic
- Corrosion

SDS, FM7-7/17-12, ASTM...

- Compatibility

- C/SG & C/SG

- C/SG & Duct Material

Facility Table, FM7-7/17-12, SEMI $4-92...

- Fire Protection

- Suppression System (Automatic Sprinkler System)
NFPA318, FM7-7/17-12, FM4922/4910...

- Monitoring System (Pressure, Temperature, Concentration) ¥}
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B4 2RiR: ACGIH

GRS 5 Rt A
i~ A2 rA AR AMESE 1000-1200fpm
(5.0-6.0m/s)
f=F #4e Gz g 1400-2000fpm
(7.0-10.0m/s)
EHashBR L~ Ry~ TR 2000-2500fpm
y3 (10.0-12 5m/s)
FOAE ~ Ay feif R R EAHSE - FAA HE - BT S (4[2000-2500fpm
6) ~PRERE - 2FHTH (10.0-12.5m/s)
—H T E SERK (EFiREy) ~ AR R -~ ook 3 ~ MR ~(3500-4000fpm
BT E ~ i~ —AHRIE ~ R £~ 45((17.5-20.0ms)
HBREE - BHITERFFEHFAAGEZRE
iR SEE R R RED BE R RE ~ AR S F|4000-4500fpm
Rty Ry (20.0-22.5m/s)
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Check Table

== /37¢ SBEB >
== 24K 7E Fﬁ 5 '-u- *
= R LS E—i @ 2 E /;-(
Mam Sub-Mam
No. Shaft
mm CMH m's mm CMH ms F
SO0X1 650 13,500 11.30 IF
A-B/2
S0X2 1400 70,000 | 12.63 F
S0X3 1400 70,000 | 12.63 F
C-DR2
0K SOX4 1000 30,000 | 10.61 4F
SOX5 550 10,000] 11.69 IF
600 11,1001 1091 3F | GHI
SOX6 1100 41,1001 1201
1000 30,000 10.61| 4F
SOX7 1000 30,000 10.61 % | GHI

Design Flow Rate = Choose Velocity =+ Choose Duct Size

= Choose Duct Size = Check Velocity
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FM R RE1E 4R

O SELECTLANGUAGE v/ CARFERS  CONTACTOFFCESWORLDWIDE  cONNECTWHUS @ [o]

L] o Approval Guide RoofNav Customer Portal
® Fire Protection

ABOUT FM PRODUCTS WE ADDITIONAL FM MARKS & CUSTOMER STANDARDS PRODUCT ALERTS &
APPROVALS v CERTIFY CERTIFICATIONS ~  AUDITING v APPLICATIONS v DEVELOPMENT v NEWS / EVENTS ~

* Automatic sprinklers
* Fire hose and nozzles...  approvaL sTANDARDS

FM Approvals

. t = FM Approvals has developed more than 200 Approval Standards. These standards
e ‘ r I ‘ a u I I I I e n illustrate the Approval criteria of various types of products and services. Search the
list below for all current Approval Standards
Please note that FM Approvals also tests products using recognized standards of
other org:‘nizau‘nhs

* Audible and visible notification-appliances-

To purchase the following stai please send a request to
information@fmapprovals.com.

* Emergency voice/alarm communication:systems...

Flammable Gases and Oxygen

ANSI/FM 60079-29-4, Explosive Atmospheres — Part 29-4: Gas Detectors -
Performance Requirements of Open Path Detectors for Flammable Gases

* Building Materials ownony :

. Pleass anter your information 1o view this document.

sk Function

* Air handling, systems components — e
®* Clean room materials...

FM APPROVED Web. : ig=EREla FE

-

29



#

1011,12
1020
1021

1031

1032
1041
1042
1045

4910
4911
4922
4924
4970

FM 88 1R 2

Title Issued (Month/Yr)

Deluge Systems and Preaction Systems 11/73

Automatic Water Control Valves 01/76

Dry Pipe Valves 11/73

Quick Opening Devices (Accelerators, Exhausters) for Dry Pipe /77

Valve

Air Pressure Maintenance Device 8/70

Alarm Check Valves 77170

Waterflow Alarm Indicators (Vane Type) 7770

Waterflow Detector Check Valves 2/76
Clean Room Materials Flammability Test Protocol 9/97
Wafer Carriers for Use in Clean Rooms 12/02
Fume Exhaust Ducts or Fume and Smoke Exhaust Ducts 4/01
Pipe Insulation 3/73
Fire Protection of Steel Framing Members for High Hazard Occupancies 1/80
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FM APPROVED mark: authorized by FM Approvals as a
certification mark for any product that has been FM Approved.

There is no minimum size requirement for the mark, but it must
be large enough to be readily identifiable.

The mark should be produced in black on a light background,
or in reverse on a dark background.

<t <@> <>

APPROVED  Spocification Testol = ey Symmbopnie = € FIM D>

31



Plastic Used in Cleanroom

PLASTIC

USE IN CLEAN ROOMS

Polypropylene (PP)

Wet benches, ductwork, wafer boxes, process equipment enclosures, wall panels

Fire Retardant Polypropylene (FRPP)

Wet benches, process equipment enclosures

Polyvinylchloride (PVC)

Wet benches, ductwork, process piping, process equipment enclosures

Polyvinylidene Fluoride (PVDF)

Process piping, chemical baths

Polyether ether ketone (PEEK)

Wafer carriers

Fiberglass Reinforced Plastic (FRP)

Ductwork, scrubbers, wall panels

Polycarbonate (PC) Mini-environment enclosures, valve manifold boxes, wafer boxes
Polymethymethacrylate (PMMA) Mini-environment enclosures, valve manifold boxes
Polyethylene (PE) Process piping, process equipment enclosures, wafer boxes
Perfluoroalkoxy (PFA) Process piping, chemical baths

Polyetrafluoroethylene (PTFE) Wet benches, coating on stainless steel ductwork

Polyphenylene Oxide (PPO) Exhaust ducts

Polyoxymethylene, or Delrin (POM)

Not used in clean rooms except for fire protection fine water spray nozzles

From FM7-7/17-12 Table 8.

(1997)

32



FM4910 & FM4922

** FM4922 for Exhaust Ducts

(JHorizontal Duct Fire Test

® 15 minutes, Velocity = 3.0m/s

* XIBATIEREIERERAOXEE7.0OARINIAE

° FEEEXIR7.0ARMAERIEIEE NEARER538°C
(JHorizontal/Vertical Combination Duct Fire Test

° BIMNERSIENXIBROBREEEEEMABMEIKFEEER
JSmoke Removal Test

* 10 minutes, Velocity = 10.0m/s

° ERVWARKREHRZAEMRXERONZRINRIL
JSmall Scale Quality Control Tests (Include ASTM E-84)

* Flame Spread < 25

* Smoke Density <50

** FM4910 for Tool Material
I Fire Propagation Index (FPI) < 6.0
JSmoke Damage Index (SDI) < 0.4

33



FM4910
Clean Room Materials Flammability Test
Protocol
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Indices

Limit Uncertain Ranges
results
FPI 6 6~7 2~ 36

SDI 040 0.40~0.50 0.06 ~4.10

Note:
* FPI [(m/sY2)/(kW/m)?/3]
* SDIL [(m/s'2)/(kW/m)?/3][g/g]

Rounded

whole
number
(1.0, 2.0)

tenth
(0.1, 0.2)

35



Various Material

4 — Electrical Power Cables

From FM7-7/17-12 Table 8. (1997)

MATERIAL FPI SDI CDI MATERIAL FPI | SDI | CDI
ABS (5) 8 0.84 0.48 PVDF (5) 6 008 | 1.74
PS 34 3.58 2.00 PEEK (5,6) 4 1036 | 024
POM 15 0.03 0.90 PPO (7) 9 | 1.60 | 126
PMMA (2.3) 20 0.4 1.20 PE/25 Chlorine 15 | 173 | 2.00
Wood 14 0.21 0.84 PE/36 Chlorine 11 | 153 | 1650
PVC/PVC cable (4) 36 4.10 43.20 PE/48 Chlorine 8 1.07 | 15.20
PE/PVC CABLE (4) 28 3.80 33.60 Rigid PVC (1,2,5) 7 0.69 | 12.60
PP (1,2,6,7) 30 1.77 1.80 PTFE (5) 4 0.01 1.68
FRPP (1.2) 30 10.98 54.00 Silicone/PVC 17 2.02 1.02
PE (2,6) 29 1.74 1.74 Polyester-70 fiberglass (3,7)| 13 0.91 0.78
PVC (1,2,4,5,7) 16 1.58 19.20 Epoxy-65 fiberglass (3,7 ) 11 0.62 | 0.77

1 - Wet Benches 5 - Piping, Valves, Tanks
2 — Other Processing Tools 6 — Wafer Boxes
3 - Wall and Floor Panels 7 — Exhaust Ducts

36



Small Scale Test

L
-
4
.
. .
s s 1
4
NETRUMENTATION
3 o CART
.
« ®

MAIN VIEW

ALL DIMENSICNS IN MM UNLE S5 NCTED

flest (L*ﬁ/?/mﬂem) Coated | LRTF | G0nC
Ignition | 100%100%6~25 gggeﬁ%*ﬁ No [Pilot Flame
Combustion | 100*100*6~25 No Yes 50kW/m?
PropFait_:]i\tion 3(18;}.8(())*165)25 Csei?aeri:ig- ?I;r:[:?;r e i
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34.75" (0.884 m) Diam Orifice m—_

Large Scale Test

N\
Laboratory Atlic Space N\ e I
-. 80" (1.524 m) Diarn. Duct
L
\ 472.75"
\_ ] (1201 m)
Calorimetry Station

_—Poured Concrete Floor

—

L3 1 Jf] ]

Suspended Ceiling

> JENIENENINENNNENENINENRIjnnssnannns] |IIED
4

—— «

/—Air Inlet Louvers

Calorimetry Lab Space

240 l
(6.096 m) '
264"
(6.706 m)

360" (0.144 m)

[—Poured Concrete Floor

Parallel Wall
Fire Test

B Load Cell

312" (7

10* <25Smm) Thick Marinite —

172* (13mm> Thick Plywood —

Test Specimen —|
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Large-scale Test

1:38 From Takiron Co., Ltd.




TRP from Ignition Test

®* Thermally Thick  Material =

. . . [olNFl 1 1 1 ﬁ(
Relationship at Higher External 5 GFooems [ T
Heat Flux Values e R ARE

° L:i q;’ TE : 1—%‘.“,‘.] bfp N -
tig ”TRPtic $.---.
hick | . é .18 VS
* Thermally Thin Material | § & -
Relationship at Lower External| & aw
Heat Flux Values é _
i e ||/
tig TR})thin t | [‘—‘ . : - —
Critical Host M |
* TRP value = 450 kW-S%/2/m? aool G | [ [ [T 7T]
. . 6 10 20 30 40 s e 70
®* For no fire propagation Extamal Haat Flux (kWi
beyond the ignition zone PMMA
(FPI=<6)
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®* Function of time

. /3
o FPI =750l

TRP

® 0. is the chemical heat
release rate per unit width
or circumference (kW/m)

FPI from Fire Propagation Test

Fire Propagation Index

-

|

0 200 400 600 200 1000 1200

Time (second)
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Definition

* Average Corrosion Index (ACI)
* ACI=C.xY,
® Critical Heat Flux (CHF)
®* Minimum heat flux (no ignition)
* Fire Propagation Index (FPI)
® FPI = heat flux / Response
* Ignition Zone

* Area of the surface of a material heated by an outside
source resulting in ignition.



Definition (Cont.)

* PHRR

* Peak heat release rate

* Smoke Damage Index (SDI)
® SDI = Y x FPI

* Smoke Yield (Y¢)

* Y = total mass of smoke released / total mass of
material vaporized

* Specific Corrosion Constant (C)

* Average corrosion rate per unit concentration of the
corrosive products of combustion.

®* Thermal Response Parameter (TRP)
* Indicator of the ignition resistance of a material.
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FM4910 Listed Materials

Compression Polymers Corp. - CP7-D FRPP Sheet
Compression Polymers Corp. - Flametec CPVC
Compression Polymers Corp. - Halar 901LC
Compression Polymers Corp. - Cleanroom PVC-C
Empire Plastics - Boltaron™ 4225 White CPVC

HPG International, Inc. - Brigade?/sup> CPVC

Mitsubishi Plastics, Inc. - Hishi Plate 101-FM-CA
Mitsubishi Plastics, Inc. - Hishi Plate 101-FM-HC Sheet
Simona AG, Simona?PVC-C Rod (10-100mm diameter)
Simona AG, Simona?PVC-C Sheet

Takiron FM Plate FMEH 4305 (C-PVC)

Takiron FM Plate FMET 4315 (PVCQ) ...

(Updated: Feb-2003)
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FM4922
Fume Exhaust Ducts or
Fume and Smoke Exhaust Ducts
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Introduction

® Purpose

® Duct used in exhausting
®* noncombustible chemical fumes
® corrosive vapors
®* smoke in fire situations

No Portion of the duct or joint material fall, drip or melt

* Requirements
®* Diameter 12~60in (305~1524mm)

* Vertical sections shall not exceed 15ft (4.6m)

* Internal sprinkler protection shall be required
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Performance Requirements

Fume Exhaust Ducts
® Horizontal Duct Fire Test

®* Horizontal/Vertical Duct Combination Fire Test
® Vertical Duct Fire Test

Fume and Smoke Exhaust Ducts
®* Horizontal Duct Fire Test
®* Horizontal/Vertical Duct Combination Fire Test
* Teat for Smoke Removal Ability (Horizontal Duct)
® Vertical Duct Fire Test

Small Scale Quality Control Tests
Clean Room Materials

47



Horizontal Duct Fire Test

Supports in Accordance
with Manutacturer's Instructions

BiicE

* Report Appendix C

* 24ftlength, 12in diameter

* ERJ(1ft*1ft*8in) 10,000Btu/mif
(pan: 8in, heptane: 4in, water: 3in)

KAl 25k

® 15 minutes, 600fpm (3m/s)

* XlafEpIA ol 23ft (7.0m)

* 23ft (7.0m)AEmEACEE 1000°F (538°C)

* HIERETE T Toarmocoupl ecton ol
BEXE B 5 22 5K
* 10 minutes, 2000fpm (10m/s) Y .
* GEBRERE N
° JEAFHEXIR IR EEERAL P 6 —F——— | %
(5I5b: EBIBFMA910:3:5 10t k 4 ‘




PP Fire (FM)



Horizontal/Vertical Combination
Duct Fire Test

5@% | 2”M .

* Report Appendix D h“_? S S _ 39
® 24ft(7.3m) length of horizontal L

* 15.7ft(4.6m) length of vertical E ]
®* 12in(305mm) diameter T

* BRYR(1ft*1ft*8in) 10,000Btu/min @La_/ T Tt osuos
(pan: 8in, heptane: 4in, water: 3|n)/ /

: )()talﬂﬂnit;:‘k

15 minutes, 600fpm (3m/s)

—» |

* KIBEMAROBBKFE 23ft (7.0m) Wi L W
'*$ﬁﬁﬂﬁﬁmgmijtﬂﬂmoJéi%#vwﬂﬂw”
. FESMBKGERESESE 0 o )
o EERERE T -

L‘C'—"—
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Vertical Duct Fire Test

* Vertical runs of ducts exceed 15ft (4.6m)
EMicE

° HEACEEEERIED

* Field-assembled joints every 5ft (1.5m)
® 12in diameter

* BRIR(1ft*1ft*8in) 10,000Btu/min

X A& R EE sk

15 minutes, 600fpm (3m/s)
AEXIEAOEAZIETE 10t (3.1m)
ShEXKIEA ol IEELZEIETE 5ft (1.6m)

&8 1ft (0.3m)AEREAT]#E#E 1000°F (538°C)
ERRITER

EAEEXKRInELEE R (BI5h: BIBFM4910:3:8)
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Test Report Item

Introduction

Standard

Description

Duct Type and Construction

Examinations and Tests

Horizontal Duct Fire Test
Horizontal/Vertical Combination Duct Fire Test
Small Scale Quality Control Tests

Marking

B Manufacturer’ s name and address
®"  Product trade name

®  Approval Mark of FM Approvals

|

Wording that it is Approved as a fume and/or smoke exhaust
duct
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Test Report Item (Cont.)

5. Remarks
B FS5SMACNA Round Industrial Duct Construction
Standards

6. Facilities and Procedures Audits
Coating manufacturer

Coating Grinder

Duct manufacturer

Coating Applicator

/. Manufacturer’ s Responsibilities
8. Documentation

9. Conclusions

* Appendices
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Test Result

®* Horizontal Duct Test

Time(min:sec) Observations

-1:00 Ambient air temp., 600 ft/min (3 m/sec) air velocity

0:00 Test begins — fuel source ignited

2:25 Sustained ignition of the interior coating

3:20 Coating flowing/dripping down duct wall at inlet

5:00 Duct exterior glowing orange to 2 ft (610 mm)

7:30 Coating consumed to 1 ft (305 mm)

14:00 Duct exterior discolored (bronze) to 4 ft (1.2 m)

15:00 Fuel source extinguished; air velocity increase to 2000
ft/min. (10 m/sec); no fire in duct

25:00 Test terminated

* Maximum temperature: 702°F (372°C)




Test Result (Cont.)

®* Horizontal/Vertical Combination Duct Test

Time(min:sec) Observations

-1:00 Ambient air temp., 600 ft/min (3 m/sec) air velocity.

0:00 Test begins — fuel source ignited

2:05 Droplets of coating falling from duct into fuel source

3:40 Duct exterior red to 21/2 ft (762 mm)

4:15 Falling droplets ceased

5:40 Duct exterior red-purple to 4 ft (1.2 m)

7:40 Duct exterior red to 41/2 ft (1.3 m)

9:10 Flame flicker inside horizontal section at 6 in. (150 mm)
downstream of outlet from elbow

15:00 Test terminated

* Maximum temperature: 745°F (396°C)
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Test Result (Cont.)

* Quality Control Tests

®* 50 kW-scale FM Approvals Flammability Apparatus Test
CHF 45 kW/m?
TRP 254 kW/m2s-1/2
CHRR 61 kW/m?

* ASTM E-84 surface burning and smoke developing
characteristics

®* ECTFE coated, 1.2 mm thick, Type 316 stainless steel.
Flame Spread 10 (<25 ?)
Smoke Density 10 (<507)
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Test Video

FIRE TEST KELSO, WASHINGTON
MAay 28, 1997

MATERIALS TESTED : {NOT ATS PRODUCTS )

Test#1 GRP wrapped PVC
Test#2 GRP wrapped PVC w/ gelcoat

Results: FM #4922 FAILURE

2:05 From ATS Products Inc.
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FM4922 Listed

®* Fume and/or Smoke Exhaust Duct Systems for Use in Cleanrooms

* Allied Supreme Corporation, Taipei, Taiwan (TEFPASS®)

®* ATS Products Inc, CA 94801 (Mark VII, Mark VIII and ATS 4910CR)

* Aerotech Chemical Transfer System Co Ltd, Taoyuan Taiwan (A-TECH Duct)

®* Chern Dar Enterprise Co, Ltd, Taipei County, Taiwan (CRD Ductwork)

* Composites USA Inc, MD 21901 (Model Dual Guard 1000/2000)

* Edlon, A unit of Robins and Myers UK Ltd, Scotland, UK (Guardian Coated
Duct SC2001/5001 FM/FMC)

®* Eurox Co Ltd, Taipei Taiwan ROC (Model Super Mark VIII)

® Further Materials Inc, Taoyuan Taiwan (Model SuperMark VIII)

®* Hueng Luei Co, Ltd, Taipei, Taiwan, ROC (HL ECTFE Coated SUS Duct)

® LBF Industrietechnik GmbH Postfach, Germany (DUCoaT Rohrsystem)

® Shea Technology, NV 89509 (Model SuperMark VIII)

* Sicore SA, France (GAINES INOX Type 304L Revétues Intérieur Halar)

®* SPUNSTRAND Inc, WA 98057 (Model Super Mark VIII)

®* Tan Hou Co Ltd, Taipei Taiwan (TH ECTFE Coated SUS Duct)
Woo Jin Installation Co, Ltd, Seoul, Korea (SEMI-CON DUCT)

(Updated: Sep-2002)
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