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N O T I C E  

All questions or other communications relating to this document should be sent only to NFPA headquarters, 
addressed to the attention of the Committee responsible for the document. 

For information on the procedures for requesting Technical Committees to issue Formal Interpretations, 
proposing Tentative Interim Amendments, proposing amendments for Committee consideration, and appeals on 
matters relating to the content of the document, write to the Secretary, Standards Council, National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9101. 

A statement, written or oral, that is not processed in accordance with Section 16 of the Regulations Governing 
Committee Projects shall not be considered the official position of NFPA or any of its Committees and shall not 
be considered to be, nor be relied upon as, a Formal Interpretation. 

Users of this document should consult applicable federal, state and local laws and regulations. NFPA does 
not, by the publication of this document, intend to urge action that is not in compliance with applicable laws, and 
this document may not be construed as doing so. 

Policy Adopted by NFPA Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the toxicity of 
the products of combustion is an important factor in the loss of life from fire. NFPA has dealt with that subject in 
its technical committee documents for many years. 

There is a concern that the growing use of synthetic materials may produce more or additional toxic products 
of combustion in a fire environment. The Board has, therefore, asked all NFPA technical committees to review the 
documents for which they are responsible to be sure that the documents respond to this current concern. To assist 
the committees in meeting this request, the Board has appointed an advisory committee to provide specific guid- 
ance to the technical committees on questions relating to assessing the hazards of the products of combustion. 

Licensing Provision--This document is copyrighted by the National Fire Protection Association (NFPA). 

1. Adoption by Reference- -Publ ic  authorities and others are urged to reference this document in laws, 
ordinances,' regulations, administrative orders, or similar instruments. Any deletions, additions, and changes 
desired by the adopting authority must be noted separately. Those using this method are requested to notify the 
NFPA (Attention: Secretary, Standards Council) in writing of such use. The term "adoption by reference" means 
the citing of title and publishing information only. 

2. Adoption by Transcription--A. Public authorities with lawmaking or rule-making powers only, upon 
written notice to the NFPA (Attention: Secretary, Standards Council), will  be granted a royalty-free license to 
print and republish this document in whole or in part, with changes and additions, if any, noted separately, in laws, 
ordinances, regulations, administrative orders, or similar instruments having the force of law, provided that: (I) 
due notice of NFPA's  copyright is contained in each law and in each copy thereof; and (2) that such printing and 
republication is limited to numbers sufficient to satisfy the jurisdict ion's  lawmaking or rule-making process. 
B. Once this NFPA Code or Standard has been adopted into law, all printings of this document by public author- 
ities with lawmaking or rule-making powers or any other persons desiring to reproduce this document or its 
contents as adopted by the jurisdiction in whole or in part, in any form, upon written request to NFPA (Attention: 
Secretary, Standards Council), will be granted a nonexclusive license to print, republish, and vend this document 
in whole or in part. with changes and additions, if  any, noted separately, provided that due notice of NFPA's  copy- 
right is contained in each copy. Such license shall be granted only upon agreement to pay NFPA a royalty. This 
royalty is required to provide funds for the research and development necessary to continue the work of NFPA and 
its volunteers in continually updating and revising NFPA standards. Under certain circumstances, public authori- 
ties with lawmaking or rule-making powers may apply for and may receive a special royalty where the public 
interest will be served thereby. 

3. Scope of License G r a n t - - T h e  terms and conditions set forth above do not extend to the index to this 
document. 

(For further explanation, see the Policy Concerning the Adoption, Printing, and Publication of NFPA 
Documents, which is available upon request from the NFPA.) 

Statement on NFPA Procedures 

This material has been developed under the published procedures of the National Fire Protection 
Association, which are designed to assure the appointment of technically competent Committees having balanced 
representation. While these procedures assure the highest degree of care, neither the National Fire Protection 
Association, its members, nor those participating in its activities accept any liability resulting from compliance or 
noncompliance with the provisions given herein, for any restrictions imposed on materials or processes, or for the 
completeness of the text. 

NFPA has no power or authority to police or enforce compliance with the contents of this document, and 
any certification of products stating compliance with requirements of this document is made at the peril of the 
certifier. 
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• N F P A  86C-1995 
Standard for  Industrial Furnaces Using a Special Processing Atmo- 
sphere 
Reference: 5--3.3.1 Exception 
Errata: 86(2-95-01 . 

The Committee on Ovens and Furnaces notes the following error in the 1995 
Edition of  NFPA 86, Standard for Ovetis and Furnaces. J 

1 .  In the Exception to 5-1.1 change the reference from "Chapter 6" to 
'~aapter 7 Y 

2. In the last sentence of  the Exception in 5-3.3. I, change the reference from 
"5-3.3.1" to'"5-3.3.3." 

..... - .:. 
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NFPA 86C 

Standard for 

Industrial Furnaces Using a Special Processing Atmosphere 

1995 Edition 

This edition of NFPA 86C, Standard for Indust,qal Furnaces Using a Special Processing 
Atmosphere, was prepared by the Technical Committee on Ovens and Furnaces and acted 
on by the National Fire Protection Association, Inc., at its Annual Meeting held May 
22-25, 1995, in Denver, CO. It was issued by the Standards Council on July 21, 1995, 
with an effective date of August 11, 1995, and supersedes all previous editions. 

This edition of NFPA 86C was approved as an American National Standard on August 
11, 1995. 

Origin and Development of NFPA 86C 

NFPA 86C was first introduced as a tentative standard in 1972. It was adopted with 
editorial revisions as an official standard in 1973. 

Following its adoption in 1973, NFPA 86C was amended in 1974, 1984, and 1987. The 
1984 edition was rewritten completely to fbllow the NFPA Manual of Style more closely. 
The 1987 edition included new requirements for programmable logic controllers along 
with new personnel safety recommendations in the appendix. The 1991 edition included 
a complete revision of Chapter 4 on safety equipment  and application, new requirements 
for fuel mixing machines, a new chapter on open liquid quench tanks, a new chapter on 
alternative purge methods, and a common Appendix A in accordance with the NFPA 
Manual of Style. 

This 1995 edition of NFPA 86C provides correlation with NFPA 86, Standard for Ovens 
and Furnaces, and N FPA 86D, Standard for h~dustrial Furnaces Using Vacuum as an Atmo- 
sphere. It also refines and updates this standard to current  technologies, provides 
increased requirements in several areas, and expands the explanatory material in the 
appendices. 



86C-2  INDUSTRIAL FURNACES USING A SPECIAl. PROCESSING ATMOSPHERE 

T e c h n i c a l  C o m m i t t e e  o n  O v e n s  and  F u r n a c e s  

Wayne F. Parker, Chair 

Maumee, OH 

j .  William Sheppard, Secretmy 

General Motors Corp., M1 
Rep. NFPA Industrial Fire Protection Section 

Roger F. Beal, Midwest Combustion Services, AZ 
James L. Bender, Texas Instruments Inc., TX 
Gust A. Dadas, G. A. Dadas & Assoc., OH 
Christopher B. Fink, Honeywell Inc., PA 

Rep. Nat'l Electrical Mfrs. Assn. 
Richard A. Gallagher, Cigna Loss Control Services, DE 
IL F. Greene, Martin Marietta Energy Systems Inc., TN 
John C. Herron, Electric Furnace Co., OH 
Gerald G. Hoeft, Caterpillar Inc., IL 
Jeffrey M. Hunt, Reynolds Metals Co., VA 
J. D. Jackson, Praxair, Inc., NY 
Fred K. Jeusen, Jensen Oven Co. Inc., MI 
William R. Jones, Vacuum Furnace Systems Corp., PA 
Kenneth R. Keska, St., C. A. Litzler Co. Inc., OH 
Richard G. Marco, United Technology Corp., FL 

Rep. Aerospace Industries Assn. of USA 
Peter B. Matthews, Hartford Steam Boiler Inspection & 
Insurance Co., CT 

Davis C. Mclntosh, Lindberg Heat Treating Co., MA 
Glen R. Mortensen, Kemper Nat'l Insurance Cos., IL 
Raymond Ostrowski, Protection Controls Inc., IL 
Lee Paige, IRM Insurance, NC 
Michael C. Polagye, Factory Mutual Research Corp., MA 
Richard C. Riccardi, North American Mfg. Co., OH 

Rep. Industrial Heating Equipment Assn. 
Robert G. Syring, Maxon Corp., IN 
Grant F. Tiefenbruck, 3M Co., MN 
Lynn K. Underwood, Wausau Insurance Cos., WI 
Algirdas A. Underys, A Finkl & Son Inc., II, 

Rep. Forging Industry Assn. 
James A. White, Eclipse Combustion, IL 
W. H. White, White Consulting Services, OH 
Peter J. Gore Willse, Industrial Risk Insurers, CT 

Rep. Industrial Risk Insurers 

Alternates 

Gary S. Andress, Wausau Insurance Cos., Wl 
(Alt. to L. K. Underwood) 

Leo P. Donovan, Factory Mnthal Research Corp., MA 
(Alt. to M. C. Polagye) 

Charles H. Hageman, Forging Industry Assn., OH 
(Alt. to A. A. Underys) 

Arthur H. Hall, Jr., CIGNA Loss Control Services, FL 
(Air. to R. A. Gallagber) 

JeffreyJ. Kroutil, IRM Insurance, NY 
(Alt. to L. Paige) 

Edward K. Lack, Protection Controls Inc., IL 
(Alt. to R. Ostrowski) 

David L. Phillips, 3M Co., MN 
(Alt. to G. F. Tiefenbruck) 

David S. Rohrbaugh, Drever Co., PA 
(Alt. to R. C. Riccardi) 

Allan Sordelett, Reynolds Metals Co., VA 
(Alt. toJ. M. Hunt) 

William P. Thomas, Jr., Kemper Nat'l Insurance Cos., IL 
(Alt. to G. R. Mortensen) 

Richard J. Wachter, Industrial Risk Insurers, CT 
(Alt. to P. J. G. Willse) 

Kenneth R. Watts, Caterpillar Inc., IL 
(Alt. to G. G. Hoeft) 

Merton W. Bunker, Jr., NFPA Staff Liaison 

This list ~ep~esents the membership at the time Ihe Cmnmillee was balloted m~ the text of this edition. Since that time, changes 
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Committee Scope: This Committee shall have primary responsibility tot docunlents on control of fire and 
explosion hazards in drying ovens |br japan, enamel, and other finishes, bakery ovens, core ovens, anneal- 
ing and heat treating turnaccs, and other special atmosphere furnaces, including eqnipment [or other spe- 
cial atmospheres. 
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NFPA 86C 

Standard for 

Industrial Furnaces Using a Special 
Processing Atmosphere 

1995 Edition 

NOTICE: An asterisk (*) following the number or letter 
designating a paragraph indicates explanatory material on 
that paragraph in Appendix A. 

Infi)rmation on referenced publications can be found in 
Chapter 19 and Appendix D. 

Foreword 

Explosions and fires in fuel-fired and electric heat utili- 
zation equipment  constitute a loss potential in life, prop- 
erty, and production. This standard is a compilation of 
guidelines, rules, and methods applicable to the satie oper- 
ation of this type of equipment. 

There are other regulations and conditions that should 
be considered when designing and operating furnaces that 
are not covered in this standard, such as toxic vapors; haz- 
ardous materials; noise levels; heat stress; and local, state, 
and federal regulations (EPA and OSHA). 

Causes of practically all failures can be traced to human 
error. The most significant tailures are: 

(a) Inadequate training of operators; 
(b) Lack of proper maintenance; 
(c) Improper  application of equipment. 

Users and designers must utilize engineering skill to 
bring together that proper combination of controls and 
training necessary fox the safe operation of the equipment. 
This standard classifies furnaces as tollows: 

Class A ovens and furnaces are heat utilization equip- 
merit operating at approximately atmospheric pressure 
wherein there is a potential explosion or fire hazard that 
could be occasioned by the presence of flammable volatiles or 
combustible materials processed or heated in the furnace. 

Such flammable volatiles or combnstible materials can, 
fox instance, originate fiom the following: 

(a) Paints, powders, inks, and adhesives trom finishing 
processes, such as dipped, coated, sprayed, and impreg- 
nated nmterials; 

(b) The substrate material; 
(c) Wood, paper, and plastic pallets, spacers, or packag- 

ing materials; or 
(d) Polymerization or other molecular rearrangements. 

Potentially flammable materials, such as quench oil, water- 
borne finishes, cooling oil, or cooking oils, that present a haz- 
ard are ventilated according to Class A standards. 

Class B ovens and furnaces are heat utilization equip- 
ment operat ing at approximately atmospheric pressuxe 
wherein there are no flammable volatiles or combustible 
materials being heated. 

Class C ovens and thrnaces are those in which there is a 
potential hazard due to a flammable or other special atmo- 

sphere being used for treatment of material in process. 
This type of furnace may be permitted to use any type of 
heating system and includes a special atmosphere supply 
system(s). Also included in the Class C classification are 
integral quench furnaces and molten salt bath furnaces. 

Class D ovens and furnaces are those that operate at 
temperatures from above ambient to over 5000°F (2760°C) 
and at pressures normally below atmospheric using any 
type of heating system. These furnaces can include the use 
of special processing atmospheres. 

Chapter 1 General 

1-1 Scope. 
1-1.1 This standard shall apply to Class C industrial fur- 
naces, atmosphere generators, and atmosphere supply sys- 
tems. Also included are furnaces with integral quench 
tanks or molten salt baths. 

1-1.2 Within the scope of this standard, an oven shall be 
any heated enclosure operating at approximately atmo- 
spheric pressure and used fbr commercial and industrial 
processing of materials. 

1-1.3 Within the scope of this s tandard,  an integral  
quench tank shall be a container that holds a quench 
medium into which metalwork is immersed for various 
heat treatment processes. The work load remains under  a 
protective atmosphere from the time it leaves the heating 
zone until it enters the quench medium. 

1-1.4 Within the scope of this standard, a molten salt bath 
furnace shall be any heated container that holds a melt or 
fusion composed of one or more relatively stable chemical 
salts that fbrm a liquid-like medium into which metalwork 
is immersed for various processes that include, but are not 
limited to, heat treating, brazing, stripping, and descaling. 

1-1.5 This standard shall not apply to the following: 

(a) Coal oi- other solid fuel-firing systems; and 
(b) Listed equipment  with a heating system(s) that sup- 

plies a total input not exceeding 150,000 Btu/hr (44 kW). 
(See definition of "Listed. ") 

1-2 Purpose. Since the heat processing of materials can 
involve a serious fire and explosion hazard, endanger ing 
the fiunace and the building in which the process is located 
and possibly the lives of employees, adequate safeguards 
shall be provided as appropriate for the location, equip- 
ment, and operation of such furnaces. 

1-3 Application. 

I-3.1 This entire standard shall apply to new installations 
or alterations or extensions to existing equipment. 

Exception: Section 1-5 and Chapter 17 shall apply to all oper- 
ating equipment. 

NOTE: Because this standard is based on tbe present state 
of the art, application to existing installations is not manda- 
tory. Nevertheless, users are encouraged to adopt those fea- 
tures of this standard that are considered applicable and 
reasonable fi)r existing installations. 

1-3.2 Section 1-5 and Chapter 17 shall apply to all oper- 
ating tin'naces. 
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1-3.3 No standard can guarantee the elimination of  fur- 
nace fires and explosions. Technology in this area is under  
constant development ,  which is reflected in fuel, special 
processing atmospheres,  f lammable vapors, and quench 
systems, with regard  to the type of  equipment  and the 
cha rac te r i s t i c s  o f  the  va r ious  fluids.  T h e r e f o r e ,  the  
designer is cautioned that the s tandard is not a design 
handbook. The  s tandard does not eliminate the need for 
the engineer  or competent  engineer ing judgment .  It is 
intended that a designer capable of  applying more com- 
plete and rigorous analysis to special or  unusual problems 
shall have latitude ill the development  of furnace designs. 
In such cases, the designer shall be responsible for demon-  
strating and document ing  the safety and validity of  the 
design. 

1-4" Approvals, Plans, and Specifications. 

1-4.1 Before new e q u i p m e n t  is insta l led or  exis t ing 
equipment  remodeled,  complete plans, sequence of  opera-  
tions, and specifications shall be submitted for approval  to 
the at, thority having jurisdiction. 

1-4.1.1 Plans shall be drawn and shall show all essential 
details with regard  to location, construction, ventilation, 
piping, and electrical safety equipment.  A list of  all combus- 
tion, control, and safety equipment  giving manufacturer  
and type number  shall be included. 

1-4.1.2 Wiring diagrams and sequence of  operat ions for 
all safety controls shall be provided.  Ladder- type  schematic 
diagrams are recommended.  

1-4.2 Any deviation from this s tandard shall require spe- 
cial permission fiom the authori ty having jurisdiction. 

1-4.3 Electrical .  All wiring shall be in accordance with 
NFPA 70, National Electrical Code ®, NFPA 79, Electrical Stan- 
dard for Industrial Machinery, and as described hereafter.  

NOTE 1: NFPA 70, National Electrical Code, is a reference 
source for safe practices and wiring methods. Where it is 
considered that variation from the required wiring methods 
as cu,'rently specified in NFPA 70 is necessary to provide 
greater satiety of the installation, s{lch variations should be 
required to meet with the approval of all authorities having 
jurisdiction and should be required to be the sole responsi- 
bility of the parties initiating such variation. 

NOTE 2: NFPA 497A, Recomme~Med Practice for Classifica- 
lion of (;lass 1 HazaMous (Classified) Locations for Electrical 
h~stallations in Chemical Process Areas, 2-6.4, should be refer- 
enced with regard to certain equipment with open flames 
and hot su,'faces. NFPA 497A permits exceptions to general 
rules in NFPA 70, National Electrical Code, Article 500, that 
otherwise would dictate the use ofexplosionproofor intrin- 
sically safe electrical apparatus where flammahle materials 
(such as atmospheres) are used. Normally, ovens or fur- 
naces are unclassified internally because safety depends 
upon ventilation and not upon the elimination of sources of 
ignition. 

1-5 Operator and Maintenance Personnel Training. 

1-5.1 The  selection of  alert  and competent  personnel  
shall be required.  

NOTE: It is recognized that the knowledge and training of 
personnel is vital to sa|;e furnace operation and maintenance. 

1-5.2 All operating, maintenance, and appropriate  supervi- 
sory personnel shall be thoroughly instructed and nained 

under  the direction of a qualified person(s) and shall be 
required to demonstrate understanding of the equipment 
and its operation to ensure knowledge of and practice of safe 
operating procedures. 

1-5.3 All operating,  maintenance,  and appropr ia te  super- 
visory personnel  shall receive regularly scheduled retrain- 
ing and testing to maintain a high level of proficiency and 
effectiveness. 

1-5.4 Personnel shall have access to operat ing instruc- 
tions at all times. 

1-5.5 Opera tor  training shall include, where applicable: 

(a) Co,nbustion of fuel-air mixtures; 
(b) Explosion hazards; 
(c) Sources of ignition, including autoignition (e.g., by 

incandescent surfaces); 
(d) Functions of control and safety devices; 
(e) Handl ing of special atmospheres;  
(f) Handl ing of low-oxygen atmospheres;  
(g) Handl ing and processing of  hazardous materials; 
(h) Confined space entry procedures;  and 
(i) Opera t ing  instructions. (See 1-5.6.) 

1-5.6 Opera t ing  instructions shall be provided  by the 
equipment  manufacturer.  These shall include: 

(a) Schematic piping and wiring diagrams; 
(b) Start-up procedures;  
(c) Shutdown procedtues;  
(d) Emergency procedures,  including those occasioned 

by loss of special atmospheres,  electric power, inert gas, or 
other  essential utilities; and 

(e) Maintenance procedures.  

1-6 Equipment Maintenance. All equipment shall be main- 
tained in accordance with the manufacturer's instructions. 

1-7 Safety Labeling. 

1-7.1 A suitable, clearly worded,  and prominent ly  dis- 
played safety design data torm or manufacturer 's  name- 
plate shall be provided stating the safe operat ing condi- 
tions for which the furnace system was designed, built, 
altered, or extended.  

1-7.2 A warning label shall be provided by the manuDc- 
turer  stating that the equipment  shall be opera ted  and 
maintained according to instructions. This label shall be 
permanent ly  affixed to the furnace. 

Chapter 2 Definitions 

2-1 Definitions. The  following definitions shall apply to 
NFPA 86, Standard for Ovens and Furnaces; NFPA 86C, 
Standard for Industrial Furnaces Using a Special Processi~g 
Atmosphere; and N FPA 86D, Standard Jot hMustrial Furnaces 
Using Vacuum as an Atmosphere. 

Absorbent. A material that, when it comes into contact 
with a liquid or gas, extracts one or more substances for 
which it has an affinity and is altered physically or chemi- 
cally dur ing the process. 
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Absorption. The  taking up  of mat ter  in bulk by o ther  
matter ,  as in the dissolving of  a gas by a liquid. 

Adsorbate .  A solid, liquid, or  gas that is adsorbed as 
molecules, atoms, or ions by such substances as charcoal, 
silica, metals, water, and  mercury.  

Adsorbent. A solid or l iquid that  adsorbs o ther  sub- 
stances; for example,  charcoal, silica, metals, water, and  
mercury.  

Adsorption. The  st, rface re ten t ion  of solid, liquid, or  
gas molecules,  atoms, or ions by a solid or liquid. 

Af t e rburne r .  See " Inc inera tor ,  Fume."  

Air. 
Combustion. All the air in t roduced  with fuel to supply 

heat  in a furnace.  

Prima U. All air suppl ied th rough  the burne r .  

Reaction. All the air that, when reacted with gas in an 
endo the rmic  genera tor  by the indirect  addi t ion of heat, 
becomes a special amtosphere  gas. 

Seconda U. All the contbust ion air that is intent ional ly  
allowed to en te r  the combust ion  chamber  in excess of  pri- 
mary  air. 

Air Makeup Unit, Direct Fired. A Class B fuel-fired 
heat  ut i l izat ion un i t  ope ra t i ng  at app rox ima te ly  a tmo- 
spheric pressure  used to beat  outside rep lacement  air for 
the process or bui lding.  

Air System. 
High Pressure. A system using air pressure  of 5 psig 

(34 kPa) or  higher.  

Low Pressure. A systent us ing air pressure  of less than 
5 psig (34 kPa). 

Analyzer ,  Gas. A device that measures  concentrat ions ,  
directly or indirectly, of  some or all componen t s  in a gas or 
mixture .  

Approved. Acceptable to the author i ty  having jur is-  
diction. 

NOTE: The National Fire I'rotection Association does not 
approve, inspect, or certify any installations, procedures, 
equipment, or materials; nor does it approve or evaluate 
testing laboratories. In determining the acceptability of 
installations, procedures, equipxnent, or materials, the 
at, thority having jurisdiction may base acceptance on com- 
pliance with NFPA or other appropriate standards. In tim 
absence of such standards, said authority may require evi- 
dence of proper installation, procedure, or use. Tim 
authority having jurisdiction may also refer to the listings or 
labeling practices of an organization concerned witll'p,'od- 
uct evaluations tha! is in a position to determine compliance 
with appropriate standards tbr the current p,'oduction of 
listed items. 

Aspirator, Proportioning. See "Mixer,  Air Jet." 

Authority Having Jurisdiction. T h e  o r g a n i z a t i o n ,  
office, or  individual  responsible for approv ing  equipnaent ,  
an installation, or  a procedure .  

NOTE: The phrase "authority havingjtn'isdiction" is used 
in NFPA documents in a broad manner, since jurisdictio,ls 
and approval ageqcies vary, as do their responsibilities. 
Where public satiety is primary, the authority having juris- 
diction may be a federal, state, local, or other regional 

department or individual such as a fire chief; fire marshal; 
chief of a fire prevention bureau, labor department, or 
health department; building official; electrical inspector; or 
others having statutory authority. For insurance purposes, 
an insurance inspection department, rating bureau, or 
other insurance company representative may be the 
authority having jurisdiction. In many circumstances, the- 
property owner or his or her designated agent assumes the 
role of the authority having jurisdiction; at government 
installations, the commanding officer or departmental offi- 
cial may be the authority having jurisdiction. 

Backfire Arrester (Preventer). A f lame a r r e s t e r  
installed in fully p remixed  air-fflel gas dis t r ibut ion p ip ing  
to te rmina te  flame propagat ion  therein,  shut  off fuel sup- 
ply, and  relieve pressure  resul t ing from a backfire. 

Bath, Molten Salt. See "Furnace ,  Molten Salt Bath." 

Blower ,  Roots .  A c o m p r e s s o r  in which  a pa i r  o f  
h o u r g l a s s - s h a p e d  m e m b e r s  ro ta te  wi th in  a cas ing  to 
deliver large volumes of  gas at a relatively low pressure  
increase. (See "Pump, Rota U Blower.") 

B u r n - I n ,  The  procedure  used in starting up a special 
atmosphere furnace to replace air within the heating cham- 
ber(s) and vestibule(s) with flammable special atmosphere.  

Burn -Ou t .  The  p rocedure  used in shut t ing  down or 
idling a special a tmosphere  to replace f lammable  atmo- 
sphere within the heat ing chamber(s)  and  vestibule(s) with 
a nonf lamntable  a tmosphere .  

Burner. A device or g roup  of  devices used for the 
in t roduct ion  of fuel, air, oxygen, or oxygen-enr iched  air 
into a furnace at the requi red  velocities, turbulence ,  and  
concent ra t ion  to main ta in  ignit ion and  combus t ion  of  fuel. 

Atomizing. A b u r n e r  in which oil is divided into a fine 
spray by an atomizing agent,  such as steam or air. 

Atmospheric. A b u r n e r  used in the low-pressure fuel gas 
or  a tmospher ic  system that requires secondary air for com- 
plete combust ion.  

Blast. A b u r n e r  d e l i v e r i n g  a c o m b u s t i b l e  m i x t u r e  
u n d e r  pressure,  normal ly  above 0.3 in. w.c. (75 kPa), to the 
combust ion  zone. 

Combination Fuel Gas and Oil. A b u r n e r  that can b u r n  
ei ther  filel gas or oil, or  both s imultaneously.  

Dual-Fuel. A b u r n e r  designed to b u r n  ei ther  fuel gas or  
oil, bu t  not  both sinn, l taneously. 

Line. A b u r n e r  whose flame is a con t inuous  "line." 

Multiple Port. A b u r n e r  having two or more  separate 
discharge openings  or ports. 

Nozzle Mixing. A b u r n e r  in which the fuel and  air are 
in t roduced  separately to the point  of ignition. 

Premix. A b u r n e r  in which the fuel and  air are mixed 
prior  to the point  of ignition. 

Pressure Atomizing. A b u r n e r  in which oil u n d e r  high 
pressure  is torced th rough  small orifices to emit  liquid fuel 
in a finely divided state. 

Radi:u~t. A b u r n e r  des igned  to t ransfer  a s ignif icant  
par t  of  the combust ion  heat  in the form of radiat ion.  

Radiant Tube. A b u r n e r  des igned to provide  a long 
flame within a tube to ensure  substantially un i form radia- 
tion f iom the tube surface. 
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Rotary Atomizing. A burner  in which oil is atomized by 
applied centrifugal force, such as by a whirling cone or plate. 

Self-Piloted. A burner  in which the pilot fuel is issued 
from the same ports as the main flame or merges with the 
main flame to form a common flame envelope with a com- 
mon flame base. 

Burner System. One or more burners operated as a unit. 

Check, Safe-Start. A checking circuit incorporated in a 
safety-control circuit that prevents light-off if the flame- 
sensing relay of the combustion safeguard is in the unsafe 
(flame-present) position due to component  failure within 
the combustion safeguard or due to the presence of actual 
or simulated flame. 

Cock, Supervising. A special approved cock incorpo- 
rating in its design a means for positive interlocking with a 
main fuel safety shutoff valve so that, before the main fuel 
safety shutoff valve can be opened, all individual burner  
supervising cocks must be in the fully closed position. 

Cold Trap. A vessel designed to hold a coolant, or a 
vessel cooled by coils in which a coolant circulates, inserted 
into a vacuum system to condense vapors present on its 
inner  surface. 

Combustion Safety Circuitry. That  portion of the oven 
control circuitry that contains the contacts fbr the required 
safety interlocks and the excess temperature limit control- 
ler(s). These contacts are arranged in series ahead of the 
safety shutoff valve(s') holding medium. 

Condensation Rate. The n u m b e r  of molecules that 
condense on a surface per square centimeter per second. 

Controller. 

Continuous Vapor Concentration. A device that measures, 
indicates, and directly or indirectly controls the concentra- 
tion of a flammable vapor-air mixture in percentage of the 
lower explosive limit (LEL). 

Excess Temperature Limit. A device designed to cut off 
the source of heat if the operating temperature exceeds a 
predetermined temperature set point. 

Programmable. A digital electronic system designed for 
use in an industrial environment  that uses a programmable 
memory for the internal storage of user-oriented instruc- 
tions for i m p l e m e n t i n g  specific funct ions  to control ,  
through digital or analog inputs and outputs, various types 
of machines or processes. 

Temperature. A device that measures the temperature 
and automatically controls the input of heat into the furnace. 

Cryogenic Fluid. A fluid produced or stored at very 
low temperatures. In the context of this standard, cryo- 
genic fluid generally reli~rs to gases made at low tempera- 
tures and stored at the user site in an insulated tank tbr use 
as an atmosphere or atmosphere constituent (e.g., nitro- 
gen, argon, carbon dioxide, hydrogen, oxygen). 

Damper, Cut-Away. A restricting airflow device that, 
when placed in the maximum closed position, allows a 
minimum amount  of airflow past the restriction. Cut-away 
dampers normally are placed in the exhaust or fresh air 
intake ducts to ensure that the required minimum amount  
of exhaust or fi'esh air is handled by the ventilating fans. 

Displacement. The volume swept out in one stroke by 
a piston moving in a cylinder, as in the case of an engine, 
pump, or compressor. 

Fire Check, Automatic. A flame arrester equipped 
with a check valve to shut off the fuel gas supply automat- 
ically if a backfire occurs. 

Flame Arrester. A device installed in the small branch 
piping of a fully premixed air-fuel gas mixture to retard a 
flame front originating from a backfire. 

Flame Propagation Rate. The speed at which a flame 
progresses through a combustible fuel-air mixture. This 
rate is a function of the temperature and the mixture con- 
ditions existing in the combustion space, burner ,  or piping 
under  consideration. 

Flame Rod. A detector that employs an electrically insu- 
lated rod of temperature-resistant material that extends into 
the flame being supervised, with a voltage impressed between 
the rod and a ground connected to the nozzle or burner. The 
resulting electrical current, which passes through the flame, 
is rectified, and this rectified current is detected and ampli- 
fied by the combustion safeguard. 

Flame, Supervised, A flame whose presence or absence 
is detected by a flame sensor connected to a combustion 
safeguard. 

Fluid,  Pump.  The operating fluid used in diffusion 
pumps or in liquid-sealed mechanical pumps (sometimes 
called "working medium," "working fluid," or "pump oil"). 

Free Air Displacement. The volume of air passed per 
unit  of time through a mechanical pump when the pres- 
sure on the intake and exhaust sides is equal to atmo- 
spheric pressure (also called "free air capacity"). 

Fuel Gas. Gas used for heating, such as natural gas, 
manufac tu red  gas, und i lu t ed  liquefied pe t ro leum gas 
(vapor phase only), liquefied petroleum gas-air mixtures, 
or mixtures of these gases. 

Fuel Gas System. 

High Pressure. A system using the kinetic energy of a jet 
of 1 psig (7 kPa) or higher gas pressure to entrain from the 
atmosphere all, or nearly all, the air required for combustion. 

Low Pressure or Atmospheric. A system using the kinetic 
energy of a jet  of less than 1 psig (7 kPa) gas pressure to 
entrain from the atmosphere a portion of the air required for 
combustion. 

Fuel Oil. Grades 2, 4, 5, or 6 fuel oils as defined in 
ASTM D396, Standard Specifications for Fuel Oils. 

Furnace. 

Atmosphere. A furnace built to allow heat processing of 
materials in a special processing atmosphere. 

Batch. A furnace into which the work charge is intro- 
duced all at once. 

Class A. An oven or furnace that has heat utilization 
equipment  operating at approximately atmospheric pres- 
sure wherein there is a potential explosion or fire hazard 
that could be occasioned by the presence of flammable vol- 
atiles or combustible materials processed or heated in the 
furnace. 
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NOTE: Such flammable volatiles or combustible materials 
can, fi)r instance, originate fi'om the fi~llowing: 

(a) Paints, powders, inks, and adhesives from finishing pro- 
cesses, such as dipped, coated, sprayed, and impregnated 
materials; 
(b) The substrate material; 
(c) Wood, paper, and plastic pallets, spacers, or packaging 
materials; or 
(d) Polymerization or other molecular rearrangements. 

Potentially flammable materials, such as quench oil, water- 
borne finishes, cooling oil, or cooking oils, that present a 
hazard are ventilated according to Class A standards. 

Class B. An oven or furnace that has heat utilization 
equipment  operating at approximately atmospheric pres- 
sure wherein there are no flammable volatiles or combus- 
tible materials being heated. 

Class C. An oven or furnace that has a potential hazard 
due to a flammable or other special atmosphere being used 
tor treatment of material in process. This type of filrnace 
may be permitted to use any type of heating system and 
includes a special a tmosphere  supply system(s). Also 
included in the Class C classification are integral quench 
furnaces and molten salt bath furnaces. 

Class D. An oven or furnace that operates at tempera- 
tures from above ambient to over 5000°F (2760°C) and at 
pressures normally below atmospheric using any type of 
heating system. These furnaces can include the use of spe- 
cial processing atmospheres. 

Continuous. A furnace into which the work charge is 
more or less continuously introduced. 

Molten Salt Bath. A furnace that employs salts heated to 
a molten state. These do not include aqueous alkaline 
baths, hot brine, or other systems utilizing salts in solution. 

Plasma Arc. A furnace that employs the passage of an 
electric current  between either a pair of electrodes or 
between electrodes and the work, and ionizing a gas (such 
as argon) and transferring energy in the form of heat. 

Gas, Ballast. Atmospheric air or a "dry" gas that is 
admitted into the compression chamber of rotary mechan- 
ical pumps to prevent condensation of vapors in the pump 
oil by maintaining the partial pressure of the condensable 
vapors below the saturation value (also called "vented 
exhaust"). 

Gas, Inert. See "Special Atmosphere, Inert (Purge Gas)." 

Gas, Reaction. A gas that, when reacted with air in an 
endothermic generator by the addition of heat, becomes a 
special atmosphere gas. 

Gauge, Vacuum. A device that indicates the absolute 
gas pressure in a v a c u u m  sys tem.  

Guarded. Covered, shielded, fenced, enclosed, or oth- 
erwise protected by such means as suitable covers or cas- 
ings, barriers, rails or screens, mats, or plattorms. 

Heater. 

Dielectric. A heater similar to an induction heater, but 
using frequencies that generally are higher (3 MHz or 
more) than those used in reduction heating. This type of 
heater is useful for heating materials that commonly are 
thought to be nonconductive. Examples of uses include 

heating plastic preforms before molding, curing glue in ply- 
wood, drying rayon cakes, and other similar applications. 

Direct-Fired External. A heating system in which the 
burners  are in a combustion chamber effectively separated 
from the work chamber and so arranged that products of 
combustion from the burners  are discharged into the work 
chamber by a circulating fan or blower. 

Direct-Fired Internal. A heating system in which the 
burners  are located within the work chamber. 

Heating System. 

Direct-Fired.* A heating system in which the products of 
combustion enter the work chamber. 

Indirect-Fired. A heating system in which the products 
of combustion do not enter the work chamber. 

Indirect-Fired Internal. A heating system ofgastight radi- 
ators containing burners  not in contact with the oven 
atmosphere. Radiators might be designed to withstand 
explosion pressures from ignition of air-fuel mixtures in 
the radiators. 

h~duction. A heat ing system by means of which a 
current-carrying conductor induces the transfer of electri- 
cal energy to the work by eddy currents. (See NFPA 70, 
National Electrical Code, Article 665.) 

Radiant Tube. A heating system with tubular elements 
open at one or both ends. Each tube has an inlet burner  
a r r angemen t  where combustion is initiated, a suitable 
length where combustion occurs, and an outlet for the 
combustion products formed. 

Resistance. A system in which heat is produced by cur- 
rent flow through a resistive conductor. Resistance heaters 
can be of the open type, with bare heating conductors, or 
insulated sheath type, with conductors covered by a pro- 
tecting sheath that can be filled with electrical insulating 
material. 

Tubular. A form of radiant heater in which resistive 
conductors are enclosed in glass, quartz, or ceramic enve- 
lopes that can contain a special gas atmosphere. 

Ignition Systems, Burner. 

Automatic-Ignited Burner. A burne r  ignited by direct 
electric ignition or by an electric-ignited pilot. 

Direct Electric lg~ition. Ignition of flame by an electric- 
ignition source, such as a high-voltage spark or hot wire, 
without the use of a separate pilot burner .  

Manual-Ignited Burner. A burner  ignited by a portable 
torch manually placed in proximity to the burner  nozzle. 

Semiautomatic-Ignited Burner. A burner  ignited by direct 
electric ignition or by an electric-ignited pilot, where the 
electric ignition is manually activated. 

Ignition Systems, Heating Equipment. 

Automatic-Lighted Heating Equipment. A furnace in which 
fnel to the main burner(s) is turned on automatically and 
ignited automatically. 

Manual-Lighted Heating Equipment. A furnace in which 
fuel to the main burner(s) can be turned on only by hand 
and is manually or semiautomatically ignited under  the 
supervision of the operator. 
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Semiautomatic-Lighted Heating Equipment. The same as 
automatic-lighted heating equipment  except that, on each 
light-off, fuel to the main burner(s) can be turned on only 
by hand and is manually or semiautomatically ignited 
under  the supervision of the operator. 

Implosion.  The rapid inward collapsing of the walls of 
a vacuum component  or device as the result of failure of 
the walls to sustain the atmospheric pressure. This can be 
followed by an outward scattering of pieces of the wall if 
the wall material is not ductile, thug causing possible dan- 
ger to nearby equipment  and personnel. 

Impregnation, Vacuum. A process for filling voids or 
interstices with a fluid by first subjecting an item to a vac- 
uum, then flooding with the desired fluid, and breaking 
the vacuum. 

Incinerator, Fume. Any separate or independent  com- 
bustion equ ipment  or device that entrains the process 
exhaust for the purpose of direct thermal or catalytic 
destruction, which can include heat recovery. 

Insulation, Vacuum-Type. A highly reflective double- 
wall structure with high vacuum between the walls; used as 
insulation in cryogenic systems for the reduction of heat 
transfer. 

Interlock. 

Proved Low-Fire Start. A burner  start interlock in which 
a control sequence ensures that a high-low or modulated 
burner  is in the low-fire position before the burner  can be 
ignited. 

Safety. A device required to ensure safe start-up and 
sate operation and to cause safe equipment  shutdown. 

Labeled. Equipment  or materials to which has been 
attached a label, symbol, or other identifying mark of an 
organization that is acceptable to tile authority having 
jurisdiction and concerned with product evaluation that 
maintains periodic inspection of product ion of labeled 
equipment  or materials and by whose labeling the manu- 
facturer indicates compliance with appropriate standards 
or performance in a specified manner.  

Limiting Oxidant Concentration (LOC). The concen- 
tration of oxidant below which a deflagration cannot occur. 
Materials other than oxygen can act as oxidants. 

Listed. Equipment or materials included in a list pub- 
lished by an organization acceptable to the authority hav- 
ing jurisdiction and concerned with product evaluation 
that maintains periodic inspection of production of listed 
equipment  or materials and whose listing states either that 
the equipment  or material meets appropriate standards or 
has been tested and fbnnd suitable fi)r use in a specified 
nlanner,  

NOTE: The means for identif~'ing listed equipment may 
vary for each org;mization concerned with product evalua- 
tion, some of which do not recognize equipment as listed 
unless it is also labeled. The authority having jfirisdiction 
should utilize the system employed by the listing organiza- 
tion to identify a listed product. 

LOC. See "Limiting Oxidant Concentration." 

Lower Explosive Limit (LEL). See "Range, Explosive." 

Mixer. 

Air-Fuel Gas. A system that combines air and fuel gas in 
the proper proportion for combustion. 

Air Jet, A mixer using the kinetic energy of a stream of 
air issuing from an orifice to entrain the fuel gas reqifired 
for combustion. In some cases, this type of mixer can be 
designed to entrain some of the air fox combustion as well 
as the fuel gas. 

Gas Jet [Atmospheric h~spirator (Vent'uri) Mixer]. A mixer 
using the kinetic energy of a jet  of fuel gas issuing from 
an orifice to entrain all or part of the air required tor 
combustion. 

Proportional. A mixer comprised of an inspirator that,  
when supplied with air, draws all the fuel gas necessary tot 
combustion into the airstream, and a governor, zero regu- 
lator, or ratio valve that reduces incoming fuel gas pres- 
sure to approximately atmospheric. 

Mixing Blower. A motor-driven blower to supply air- 
fuel gas mixtures for combustion through one or more fuel 
burners  or nozzles on a single-zone industrial heating 
appliance or on each control zone of a muhizone installa- 
tion. Mixing machines operated at 10 in. w.c. (2.49 kPa) or 
less static pressure are considered mixing blowers. 

Mixing Machine. A mixer using mechanical means to 
mix fuel and air and to compress the resuhant mixture to 
a pressure suitable fi)r delivery to its point of use. Mixers 
in this group utilize either a centrifugal fan or some other 
type of mechanical compressor with a proport ioning device 
on its intake through which fuel and air are drawn by the 
tan or compressor suction. 

Muffles. Enclosures within a furnace to separate the 
source of heat fiom the work and fiom any special atmo- 
sphere that might be required tor the process. 

Operator. An individual trained and responsible for 
the start-up, operation, shutdown, and emergency han- 
dling of tile furnace and associated equipment. 

Outgassing. The release of adsorbed or occluded gases 
or water vapor, usually by heating, such as from a vacuum 
tube or other vacuum system. 

Oven. See "Furnace." 

Oven, Low-Oxygen. An oven that utilizes a low-oxygen 
atmosphere to evaporate solvent to facilitate solvent recov- 
ery. These ovens normally operate at high solvent levels 
and can operate safely in this manner  by limiting the oxy- 
gen concentration within the oven enclosure. 

Pilot. A flame that is used to light the main burner.  

Bur~-qff. A pilot that ignites the flame curtain or spe- 
cial processing atmosphere discharging fiom the furnace 
or generator. 

Continuous. A pilot that burns throughout  the entire 
period that the heating equipment  is in service, whether or 
not the main burner  is firing. 

Expanding. A pilot that  bu r ns  at a set t u r n d o w n  
throughout  tile entire period that the heating equipment  is 
in service, but burns without turndown dur ing light-off of 
the main burner.  
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Intermittent. A pilot that burns  dur ing  light-off and 
while the main burner  is firing. 

h~terrupted. A pilot that is ignited and burns dur ing  
light-off and is automatically shut off at tile end of the trial- 
for-ignition period of the main burner(s). 

Proved. A pilot flame supervised by a combustion safe- 
guard that senses the presence of the pilot flame. 

Pilot Flame Establishing Period. The interval of time 
dur ing  light-off that a satiety-control circuit allows the pilot 
fuel satiety shutoffvalve to remain open before the combus- 
tion sateguard proves the presence of the pilot flame. 

Pressure, 

Partial. The pressure that is exerted by one component  
of a mixture of gases if it is present alone in a container. 

Ultimate. The limiting pressure approached in the vac- 
uum system after sufficient pumping time to establish that 
further reductions in pressure would be negligible (some- 
times called the "ultimate vacuunl"). 

NOTE: The terms blank-off pressure or base pressure 
also are used sometimes in referring to a pump under test. 

Pump. 
Diffusion.. A vacuum pump in which a stream of heavy 

molecules, such as those of mercury or oil vapor, canies 
gas molecules out of the volume being evacuated. 

Gas Ballast. A mechanical pump (usually of the rotary 
type) that uses oil to seal the clearances between the sta- 
tionary and rotating compression members. The pump is 
equipped with an inlet valve through which a suitable 
quantity of atmospheric air or "dry" gas (ballast gas) can be 
admitted into the compression chamber to prevent con- 
densation of vapors ill the pump oil by maintaining the 
partial pressure of the condensable vapors in the oil below 
the saturation value (sometimes called a "vented-exhaust 
mechanical pump"). 

Holding. A backing (fore) pump used to hold a difl'u- 
sion pump at efficient operating conditions while a rough- 
ing pump reduces the system pressure to a point at which 
a vah,e between the diflhsion pump and the system can be 
opened without stopping the flow of vapor fi'om the nozzles. 

Rota U Blower. A pump without a discharge valve that 
moves gas by the propelling action of one or more rapidly 
rotating members provided with lobes, blades, or vanes, 
such as a roots blower. It is sometimes called a "mechani- 
cal booster pump" where used in series with a mechanical 
backing (fore) pump. 

NOTE: Rotary bh)wers are sometimes classified as either 
axial-flow or cross-flow types, depending on the direction of 
flow of gas. 

Roughing. The pump used to reduce the system pres- 
sure to the level at which a diffusion or other vacuum 
pump call operate. 

NOTE: The roughing pump also can be used as the back- 
ing (tiwe) pump |br the diffusion pump, or the roughing 
pump can be shut off and a smaller pump can be used as 
the backing (tbre) pump where the gas h)ad is relatively 
small. 

Vacuum. A compressor for exhausting air and noncon- 
densable gases from a space that is to be maintained at 
subatmospheric pressure. 

Pump-Down Factor. The product of the time to pump 
down to a given pressure and the displacement (fbr a service 
factor of 1) divided by the volume of the system (F = t D/V). 

Purge. The replacement of a flammable, indetermi- 
nate, or high-oxygen-bearing atmosphere with another gas 
that, when complete, results in a nonflammable final state. 

Range, Explosive. The range of concentration of a 
flammable gas in air within which a flame can be propa- 
gated. The lowest flammable concentration is the lower 
explosive limit (LEL). Tile highest flannnable concentra- 
tion is the upper  explosive limit (UEL). (See NFPA 325, 
Guide to Fire Hazard Properties of Flammable Liquids, Gases, 
a~d Volatile Solids.) 

Regulator, Pressure. A device that maintains a con- 
stant outlet pressure under  varying flow. 

Roughing Line. A lille r unn i ng  from a mechanical 
pump to a vacutun chamber through which preliminary 
pumping is conducted to a vacuum range at which a diffu- 
sion pump or other high vacuum pump can operate. 

Safeguard, Combustion. A safety control  directly 
responsive to flame properties; it senses the presence or 
absence of flame and de-energizes the fuel safety valve in 
the event of flame failure within 4 seconds of the loss of 
flame signal. 

Safety Device .  An instrument,  control, o1" other equip- 
ment that acts, or initiates action, to cause the furnace to 
revert to a safe condition in the event of equipment  failure 
or other hazardous event. Safety devices are redundant  
controls, supplementing controls utilized in the normal 
operation of a furnace system. Safety devices act automati- 
cally, either alone or in conjunction with operating con- 
trols, when conditions stray outside of design operating 
ranges and endanger  equipment  or personnel. 

Separator, Oil. An oil reservoir with baffles used to 
minimize the discharge of oil mist from the exhaust of a 
rotary mechanical vacuum pump. 

Shall. Indicates a mandatory requirement. 

Should. Indicates a reconnnendation or that which is 
advised but not required. 

Special Atmosphere.  Prepared gas or gas mixtures 
that are introduced into the work chamber of a furnace to 
replace air, generally to protect or intentionally change the 
surthce of the material undergoing heat processing (heat 
treatment). 

Carrier Gas. Any gas or liquid component  of the special 
atmosphere that represents a sufficient portion of the spe- 
cial atmosphere gas volume in the furnace so that, if the 
flow of this component  gas or liquid ceases, the total flow 
of the special atmosphere in the furnace is not sufficient to 
maintain a positive pressure in that furnace. 

Flammable Gas. Gases that are known to be flammable 
and predictably ignitible where mixed with air. 

Indeterminate. Atmospheres that contain components  
that, ill their pure state, are flalnmable but that, in the 
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mixtures  used (di luted with non f l ammab le  gases), are  not  
reliably and  predictably f lammable.  

Inert (Purge Gas). Nonf l ammab le  gases that  contain less 
than 1 pe rcen t  oxygen.  

Nonflammable. Gases that  a re  known to be nonf lamma-  
ble at any t empera tu re .  

Standard. A d o c u m e n t  tha t . con ta ins  only manda to ry  
provisions using the word  "shall"  to indicate r equ i rements .  
Explana tory  mater ial  may be inc luded  only in the form of  
f ine-pr in t  notes, in footnotes,  o r  in an append ix .  

Switch 

Atomizing Medium Pressure. A pressure-act ivated device  
a r r a n g e d  to effect a safety shu tdown  or  to p r even t  the 
b u r n e r  system from being  actuated in the event  of  inade-  
qua te  a tomiz ing  m e d i u m  pressure.  

Combustion Air Pressure. A pre s su re - ac t i va t ed  dev ice  
a r r a n g e d  to effect a safety shu tdown or  to p reven t  the 
b u r n e r  system f rom being  actuated in the even t  the com- 
bust ion air suppl ied  to the b u r n e r  o r  bu rne r s  falls below 
that  r e c o m m e n d e d  by the b u r n e r  manufac tu re r .  

Differential Flow. A switch that  is activated by the flow of  
a gaseous or  l iquid fluid. This  flow is de tec ted  by measur-  
ing p ressure  at two difli~rent points  to p roduce  a pressure  
differential  across the sensor. 

Flow. A switch that is activated by the flow of  a fluid in 
a duct  o r  p ip ing  system. 

High Fuel Pressure. A p r e s s u r e - a c t i v a t e d  d e v i c e  
a r r a n g e d  to effect a safety shu tdown of  the b u r n e r  system 
in the  even t  of  abnormal ly  high fuel pressure.  

Limit. A switching device that  actuates when  an opera t -  
ing limit has been  reached.  

Low Fuel Pressure. A pressure-act ivated device a r r a n g e d  
to effect a safety shu tdown of  the b u r n e r  system in the 
even t  o f  abnormal ly  low fuel pressure.  

Rotational. A device that  usually is d r iven  directly by 
the fan wheel  or  t~an mo to r  shaft. When  the speed of  the 
fan shaft o r  dr ive mo to r  reaches a certain p r e d e t e r m i n e d  
rate to p rov ide  a safe m i n i m u m  airflow, a switch contact  
closes. 

Tank. 

Integral Liquid or Salt Media Quench Type. A tank con- 
nected  to the furnace  so that  the work is u n d e r  a protect ive 
a t m o s p h e r e  f rom the t ime it leaves the hea t ing  zone until  
it en ters  the tank con ta in ing  a combust ible ,  noncombust i -  
ble, or  salt quench  med ium.  

Open Liquid or Salt Media Quench Type. A tank in which 
work f rom the furnace  is exposed  to air before  and upon  
en te r ing  the tank conta in ing  a combust ible ,  noncombust i -  
ble, or  salt quench  med ium.  

Temperature, Ignition. T h e  lowest  t e m p e r a t u r e  at 
which a gas-air mix tu re  can ignite and con t inue  to burn .  
This  also is r e fe r red  to as the autoigni t ion  t empera tu re .  

NOTE: When burners supplied with a gas-air mixture in 
the flammable range are heated above the autoignition tem- 
perature, flashbacks can occur. In general, such tempera- 
tures range fi'om 870°F to 1300°F (466°C to 704°C). A much 
higher temperature is needed to ignite gas dependably. 

The temperature necessary is slightly higher for natural gas 
than for manufactured gases, bnt for safety with xnanufac- 
tured gases, a temperature of about 1200°F (649°C) is 
needed, and, for natural gas, a temperature of about 
1400°F'(760°C) is needed. 

Time. 

Evacuation. T h e  t ime r equ i r ed  to p u m p  a given system 
from a tmospher ic  pressure  to a specified pressure  (also 
known as " p u m p - d o w n  t ime" o r  " t ime  of  exhaust") .  

Roughing. T h e  t ime r equ i r ed  to p u m p  a given system 
from a tmospher ic  pressure  to a p ressure  at which a diffu- 
sion p u m p  or  o the r  high vacuum p u m p  can opera te .  

Trial-for-Ignition Period (Flame-Establishing Period). 
T h e  interval  of  t ime d u r i n g  l ight-off  that  a safety-control  
circuit  allows the fuel safety shutoff  valve to remain  open  
before  the combus t ion  safeguard  is r equ i r ed  to supervise  
the flame. 

Turndown, Burner. T h e  ratio of  m a x i m u m  to mini-  
m u m  b u r n e r  fuel - input  rates. 

Vacuum.  A space in which the pressure  is far below 
a tmospher ic  pressure  so that  the r ema in ing  gases do not 
affect processes be ing  car r ied  out  in the space. 

High. A vacuum with a pressure  be tween 1 x 10 .:2 torr  
and I × 10-' torr  (mil l imeters  of  mercury) .  

Low. A vacuum with a pressure  be tween 760 tor r  and  
1 x 10 :~ torr  (mil l imeters of  mercury) .  

Vacuum System. A chamber  or  chambers  having  walls 
capable of  wi ths tanding a tmospher ic  pressure  and having 
an o p e n i n g  t h r o u g h  which  the  gas can  be r e m o v e d  
t h rough  a pipe o r  manifold to a p u m p i n g  system. 

NOTE: The primping system should be permitted to be 
considered as part of the vacuum system. A complete vac- 
uum system contains all pumps, gauges, valves, and other 
components necessary to carry out a part icular  process.  

Valve. 

Air htlet. A valve used for let t ing a tmospher ic  air into a 
vacuum system. T h e  valve also is called a vacuum breaker .  

Safety Shutoff. A n o r m a l l y  c l o s e d  ( c l o s e d  w h e n  
de-energ ized)  valve installed in the p ip ing  that  closes auto-  
matically to shut  o f f t h e  fuel or  a t m o s p h e r e  gas in the even t  
of  abnorma l  condi t ions  or  d u r i n g  shutdown.  T h e  valve can 
be o p e n e d  e i ther  manual ly  or  by a moto r -ope ra to r ,  but  
only after the solenoid coil o r  o the r  ho ld ing  mechan i sm is 
energ ized .  

Ventilated. A system p rov ided  with a m e t h o d  to allow 
circulat ion of  air sufficient to r e m o v e  an excess of  heat, 
fumes, or  vapors.  

Ventilation, Proven. A sufficient supply o f  fresh air 
and p r o p e r  exhaus t  to ou tdoors  with a sufficiently v igorous  
and p roper ly  dis t r ibuted air circulat ion to ensure  that  the 
f lammable  vapor  concent ra t ion  in all parts o f  the furnace 
or  furnace enclosure  is safely below the lower explosive 
limit at all times. 

Zero Governor (also called "atmospheric regulator"). 
A d iaph ragm- type  regu la to r  that  mainta ins  the fuel gas 
pressure  at a tmospher ic  or  zero gauge  pressure.  
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Chapter 3 Location and Construct ion 

3-1 Location. 

3-1.1 General. 

3-1.1.1 Furnaces and rehtted equipment  shall be located 
to protect personnel and buildings fi'om fire or explosion 
hazards. Hazards to be considered include mohen metal or 
other mohen material spillage, quench tanks, hydraulic oil 
ignition, overheating of material in the furnace, and escape 
of filel, processing atmospheres, or flue gases. 

3-1.1.2 Furnaces shall be located to protect them fi-om 
damage by external beat, vibration, and mechanical hazards. 

3-1.1.3 Furnaces shall be located to make maximum use 
of natural ventilation, to minimize restrictions to adequate 
explosion relief, and to provide snfficient air supply fbr 
personnel. 

3-1.1.4 Where furnaces are located in basements  or 
enclosed areas, sufficient ventilation shall be supplied to 
provide required combustion air and to prevent the haz- 
ardous accttmulation of vapors. 

3-1.1.5 Furnaces designed fbr use with special atmo- 
spheres or fuel gas witlt a specific gravity greater than air 
shall be located at or above grade and shall be located to 
prevent the escape of the special atmospbere or fuel gas 
from accumulating in basements, pits, o r  other areas below 
the furnace. 

3-1.2 Structural Members of the Building. 

3-1.2.1 Furnaces shall be located and erected so that the 
building structural members are not affected adversely by 
the maximtun anticipated temperatures (see 3-1.4) or by 
the additional loading caused by the furnace. 

3-1.2.2 S t ruc tura l  bu i ld ing  members  shall not  pass 
through or be enclosed within a fnrnace. 

3-1.3 Location in Regard to Stock, Processes, and Personnel. 

3-1.3.1 Furnaces shall be located to minimize exposure to 
power equipment,  process equipment,  and sprinkler risers. 
Unrehlted stock and combustible materials shall be main- 
tained at a fire-safe distance but not less than 2t/,_, ft 
(0.76 m) fi'om a furnace, a furnace beater, or ductwork. 

3-1.3.2 Furnaces shall be located to minimize exposure to 
people fi'om the possibility of injury i iom fire, explosion, 
asphyxiat ion,  and hazardous materials and shall not 
obstruct personnel travel to exitways. 

3-1.3.3 Furnaces shall be located to prevent an ignition 
source to flammable coating dip tanks, spray booths, stor- 
age and mixing rooms tor flammable liquids, or exposure 
to flammable wlpor o1" combustible dusts. 

Exception: This requiremeht shall not apply to integral quench 
.~slems. , 

NOTE 1: The hazard is particularly severe where vapors 
fi'om dipping operations could tlow by means of gravity to 
ignition sources at or near floor level. 

NOTE 2: See NFPA 30, Flamnmble and Combustible Liquids 
Code; NFPA 33, Standard fi~r Spray ,-Ipplu'ation Using Flammable 
and Combustible Materials; and NFPA 34, Standmd fiJr Dipping 
and Coating Processes Using Flanmtable or Combustible Ltquids. 

3-1.3.4 Equipment  shall be protected from corrosive 
external processes and environments.  

NOTE: Fumes or materials from adjacent processes or 
eqtfipment that normally are not corrosive could produce 
corrosive conditions where introduced into the furnace 
environment. (See NFPA 325. Grade to Fire Hazard Properties 
of Flammable Liquids, Cases, and Volatile Solids.) 

3-1.4 Floors and Clearances. 

3-1.4.1 Furnaces shall be located with adequate space 
above and on all sides to allow inspection and mainte- 
nance. Provisions also shall be included fbr the installation 
of automatic sprinklers and the proper  funct ioning of 
explosion vents, if applicable. 

3-1.4.9" Furnaces shall be constructed and located to 
keep temperatnres at combustible floors, ceilings, and walls 
below 16001 ̀̀ (71°C). 

3-1.4.3 Where electrical wiring is present in tbe channels 
of certain types of floors, the wiring shall be installed in 
accordance with NFPA 70, National Electrical Code, Article 
356. 

3-1.4.4 Floors in the area of mechanical pumps, oil burn-  
ers, or other equipment  using oil shall be provided with a 
noncombustible, nonporous surface to prevent floors from 
becoming soaked with oil. 

3-2 Furnace Design. 

3-2.1 Furnaces and related equipment  shall be designed 
to minimize the fire hazard inherent  in equipment  operat- 
ing at elevated temperatures. 

3-2.2 Furnace components  exposed simultaneously to 
elevated temperature and air (oxygen) shall be constructed 
of noncombustible material. 

3-2.3 Furnace structural supports and material handling 
equipntent shall be designed with adeqtmte factors of safety 
at the maximum operating conditions, including tempera- 
ture. Furnaces shall withstand the strains imposed by 
expansion and contraction as well as static and dynanfic 
mechanical load. 

3-2.4 Heating devices and beating elements of all types 
shall be constrt, cted or located to resist mechanical damage 
from falling work, material handling, or other mechanical 
hazards. 

3-2.5 Furnace and related equipment  shall be designed 
and located to allow access [br required inspection and 
maintenance. 

3-2.5.1 Ladders, walkways, and access fhcilities, where 
provided, shall be designed in accordance with 29 CFR 
1910.24 through 29 CFR 1910.29, and ANSI A14.3, Sa]et~, 
Requirements for Fixed l~tdders. 

3-2.5.2 Means shall be provided to allow for safe entry by 
maintenance and other personnel. (See also Section 17-2.) 

3-2.6 Radiation shields, refi'actory material, and insula- 
tion shall be retained or supported so they do not fhll out 
of place trader designed use and with proper maintenance. 

3-2.7 External parts of furnaces that operate at tempera- 
tures in excess of 160°F (71°C) shall be guarded by loca- 
tion, guard rails, shields, o1 insulation to prevent acciden- 
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tal contact with personnel. Bursting discs or panels, mixer 
openings, or o the rpar t s  of the furnace from which flame 
or hot gases c o u l d  be discharged shall be located or 
guarded to prevent injury to personnel. 

Exceptions: Where impractical to provide adequate shields or 
guards, warning signs or permanent floor marki~Tgs shall be p~v- 
vided to be visible to personnel entering the area. 

3-2.8 Properly located observation ports shall be provided 
to allow the operator to observe the lighting and operation of  
individual burners.  Observation ports shall be protected 
properly fl'om radiant heat and physical damage. 

Exception: Where observation ports are not practical, other 
memzs of visually verifying the lighting and operation of individ- 
ual burners shall be provided. 

3-2.9 Closed cooling systems shall have a means of  relief 
to protect all portions of the system, if tim system pressure 
can exceed the design pressure. Flow switches shall be pro- 
vided with audible and visual alarms. 

3-2.10 Open cooling systems utilizing unrestricted sight 
drains readily observable by the operator sball not require 
flow switches. 

3-2.11" Furnaces shall be designed to minimize fire haz- 
ards due to the presence of combustible products or resi- 
due in the thrnace. 

3-2,12 Furnace  hydraul ic  systems shali utilize fire- 
resistant fluids. 

Exception: Other hydraulic fluids shall be permitted to be used if 
failure of hydraulic system componen.ts cannot result in a fire haz- 
ard, subject to approval by the attthoritv havi.ng jurisdiction. 

NOTE: Drawings tbr fluid power diagrams shoukl be in 
accordance with ANSI Y14.17, Drafting Practice, and ANSI 
Y32.10, Graphic Symbols for FluM Power Diagrams. 

3-2.13 The metal fi'ames of furnaces shall be electrically 
grounded. 

3-3 Explosion Relief. 

3-3.1 Fuel-fired furnaces and Turnaces that contain flam- 
mable  l iquids,  gases, or combus t ib le  dusts  shall be 
equipped with unobstructed explosion relief for ti-eely 
relieving internal explosion pressures. 

Exceptions: Explosion reli~ shall ~ot be required on furnace~ 
with shell construction having 3~m-in. (4.8-ram) or heavier steel 
plate shells reitTforced with structural steel beams and buckstays 
that support mM retain refractor), or insulating materials required 
for temperature endurance, which make them ansuitable for the 
installation of explosion relief. 

NOTE: For additional infi)rmation r,~garding relief of 
equipment and buildings housing the equipment, see NFPA 
68, Cuide Jbr l/enting of Deflagmtions. 

3-3.2 Explosion reliefshall be designed as ~1. ratio of relief 
area to furnace vohnne. The recommiended design is 1 It'-' 
(0.093 m 2) of relief area for each 15 ft :~ (0.424 m :~) of fur- 
nace volunle. Hinged panels, openings, or access doors 
equipped with approved explosion-relief hardware shall be 
permitted to be included in this ratio of 1:15. 

3-3.3 Explosion-relief panels or doors shall be arranged 
so that, when open, the full vent opening provides an ettiec- 

tive relief area. The operation of relief panels to their full 
capacity shall not be obstructed. 

NOTE 1: Guard rails might he needed to prevent mov- 
able equipment from obstructing relief openings, and warn- 
mg signs should lye posted on the vents. 

NOTE 2: Where practical, an explosion-relief vent should 
he located close to each known source of ignition. 

3-3.4 Explosion-relief panels shall be located or.retained 
so that personnel are not exposed to injury by the relief 
panel. 

3-3.5 Where explosion relief is required, explosion-relief 
panels shall activate at a surge pressure that does not 
exceed the design press.ure of" the oven enclosure. 

NOTE: Industry experience indicates that a typical oven 
enclosure buih to withstand a mini,hum of 0.5 psig 
(3.45 kPa) surge overpressure with explosion-relief panels 
having a maximum weight per area of 5 lh/ft'-' (24.4 kg/m'-') 
meets the requirements of 3-3.5. 

3-3.6 Explosion-relief vent panels tot a long furnace shall 
be 'reasonably distributed throughout  the entire fnrnace 
l eng th .  However ,  the m a x i m u m  d i s t ance  be tween  
explosion-relief vent panels shall not exceed five times the 
oven's smallest inside dimension (width or height). 

NOTE: The intent of providing explosi,m relief in ftn'- 
naces is to limit damage to the furnace and to reduce the 
risk of personnel injury clue to explosions. To achieve this, 
relief panels and doors should he sized so that thei," inertia 
does not preclude their ability to relieve internal explosion 
pressures. 

3-4 Ventilation and Exhaust System. 

NOTE: For additional information, see NFPA 31, Standard 
Jbr the Installation of Oil-Burning Equipment; NFPA 54, 
National Fuel Gas Code; and NFPA 91, Standard.for Exhaust 
Systems for Air Conveying of Materials. 

3-4.1 Bu i ld ing  Makeup Air. A sufficient quant i ty  of  
makeup air shall be admitted to oven rooms and buildings 
to provide the air volume required tbr oven safety ventila- 
tion and adequate combustion air. 

3-4.2 Ductwork. 

3-4.2.1 Ventilating and exhaust systems, where applica- 
ble, shall be installed in accordance with NFPA 91, Standard 
for Exhaust S~,stems for Air Conveying of Materials. 

Exception: Where modified in this document. 

3-4.2.2 Rectangular and square ducts shall be permitted. 

3-4.2.3 Wherever f lmmce ducts or stacks pass through 
combustible walls, floors, or roofs, noncombustible insula- 
tion or clearance, or both, shall be provided to prevent 
combustible surface temperatures fi'om exceeding 160°F 
(71 °C). 

3-4.2.4 Where ducts pass through noncombustiblewalls,  
floors, or partitions, the space around the duct sball be 
sealed with noncombustible material to maintain the fire 
rating of the barrier. 

NOTE: Ducls that pass through fire walls should be 
avoided. 
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3-4.2.5 Ducts shall be constructed entirely of sheet steel 
or other noncombustible material capable of meeting the 
intended installation and conditions of service. The instal- 
lation shall be of adequate strength and rigidity and shall 
be protected where subject to physical damage. 

3-4.2.6 Ducts handling fumes that leave a combustible 
deposit shall be provided with clean-out doors. 

3-4.2.7 No portions of the building shall be used as an 
integral part of tim duct. 

3-4.2.8 All ducts shall be made tight throughout  and shall 
have no openings other than those required for the oper- 
ation and maintenance of tim system. 

NOTE: All intm~ior laps in the duct joints slaould be made 
in the direction of the flow. 

3-4.2.9 All ducts shall be thoroughly  braced where 
required and substantially supported by metal hangers or 
brackets. 

3-4.2.10 Ducts h a n d l i n g  f lammable vapors shall be 
designed to minimize the condensation of the vapors out of 
the exhaust airstream onto the surface of the ducts. 

3-4.2.11 Ducts hand l ing  combust ible  solids shall be 
designed to minimize the accumulation of solids within the 
ducts. 

3-4.2.12 Hand holes for damper,  sprinkler, or fusible link 
inspection or resetting and tbr purposes of residue clean- 
out shall be equipped with tight-fitting doors or covers. 

3-4.2.13 Exposed hot fan casings and hot ducts [temper- 
ature exceeding 160°F (7 I°C)] shall be guarded by location, 
guard rails, shields, or instflation to prevent injury to 
person nel. 

3-4.2.14 Exhaust ducts shall not discharge near openings 
or other air intakes that allow re-entry of effluents into the 
building. 

3-4.-2.15 A suitable collecting and venting system for radi- 
ant tube beating systems shall be provided. (See Section 4-5.) 

3-5 Mountings and Auxiliary Equipment. 

3-5.1 Furnace systems shall have provisions to prevent 
injury to personnel  dur iug  maintenance or inspection. 
Such equipment  shall be permitted to be motion stops, 
lockout devices, or other safety mechanislns. 

3-5.2 To the extent practical, instrumentation and con- 
trol equipment  shall be brought to a common location and 
mounted for ease of observation, adjustment, and mainte- 
nance. Protection fi'om physical and temperature damage 
and ambient hazards shall bd provided. 

3-5.3 Auxiliary equ ipmen t  such as conveyors, racks, 
shelves, baskets, and bangers shall be noncombustible and 
designed to facilitate cleaning. 

Chapter 4 Furnace Heat ing Systems 

4-1 General. 

4-1.1 For the purpose of this chapter, the terln 'Turnace 
heating system" shall include the heating source, the asso- 

ciated piping and wiring used to heat the furnace, and the 
work therein as well as the auxiliary quenches, atmosphere 
generator, and other components. 

4-1.2 Electrical. All wiring shall be in accordance with 
NFPA 70, National Electrical Code, NFPA 79, Electrical Stan- 
dard for Industrial Machineu, and as described hereafter. 

NOTE 1: NFPA 70, National Electrical Code, is a reference 
source tbr safe practices and wiring methods. Where it is 
considered that variation fi'om the recommended wiring 
methods as currently specified in NFPA 70 is necessary to 
provide greater safety of the installation, such variations 
should be required to meet with the approval of all author- 
ities having jurisdiction and should be required to be the 
sole responsibility of the parties initiating such variation. 

NOTE 2: NFPA 497A, Recommended Practice for Classtfica- 
tion of Class 1 Hazardous (Classified) Locations for Electrical 
Installations in Chemical Process Areas, 2-6.4, should be refer- 
enced with regard to certain equipment with open flames 
and hot surfaces. NFPA 497A permits exceptions to general 
rules in NFPA 70, National Electrical Code, Article 500, that 
otherwise woukl dictate use of explosionproof or intrinsi- 
cally sat~ electrical apparatus where flammable materials 
(such as atmospheres) are used. Normally, ovens or fu,'- 
naces are unclassified internally because satiety depends 
upon ventilation and not upon the elimination of sources of 
ignition. 

4-1.3 All components of tbe furnace heating system and 
control cabinet shall be grounded.  

4-2 Fuel Gas-Fired Units. 

4-2.1 Scope. 

4-2.1.1" This section shall apply to furnace heating sys- 
tems fired with commercially distributed fuel gases such as 
natural gas, mixed gas, manufactured gas, liquefied petro- 
letun gas (LP-Gas) in the vapor phase, and LP-Gas/air sys- 
tems. This section also shall apply to the gas-burning por- 
tions of dual-fuel or combination burners.  

NOTE: Additional safety considerations that are beyond 
the scope of this standard should he given to dirt-laden 
gases, sulfur-laden gases, high-fiydrogen gases, and low-Btu 
waste gases. 

4-2.1.2 Burners, along with associated mixing, valving, 
and satiety controls and other auxiliary components, shall 
be properly selected for the intended application, suitable 
tbr the type and pressure of the fuel gases to be used, and 
suitable for the temperatures to which they are subjected. 

4-2.2 Combustion Air. 

4-2.2.1 The fuel-burning system design shall provide tor 
an adequate supply of clean combustion air for proper 
burner  operation. 

NOTE: Inlet air fihers can be used on combustion hlowers 
where required to screen out solid matter. 

4-2.2.2 Precautions shall be taken to prevent  insuffi- 
ciently d i lu ted  p roduc t s  of combus t ion  from short-  
circuiting back into the combustion air. 

NOTE: This requirement should not prevent the use of 
properly designed flue gas recirculation systems. 

4-2.2.3 Where primary or secondary combustion air is 
provided mechauically, combustion airflow or pressure 
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shall be proven and interlocked with the safety shutoff 
valves so that fuel gas cannot be admitted prior to estab- 
lishment of combustion air and so that the gas is shut off in 
the event of combustion air failure. 

4-2.2.4 In the case of an exothermic generator, loss of 
fuel gas shall cut off the combustion air. 

4-2.2.5 Where a secondary air adjustment is provided, 
adjustment shall include a locking device to prevent an 
unintentional  change in setting. 

4-2.3 Fuel Gas Supply Piping. 

4-2.3.1 A remotely located shutoff valve shall be provided 
to allow the fuel to be turned off in an emergency and shall 
be located so that fire or explosion at a furnace does not 
prevent access to this valve. 

4-2.3.2 Installation of LP-Gas storage and handling sys- 
tems shall comply with NFPA 58, Standard for the Storage 
and Handling of Liquefied Petroleu.m Gases. 

4-2.3.3 Piping from the point of delivery to the equip- 
ment isolation valve shall comply with NFPA 54, National 
Fuel Gas Code. (See 4-2.4.2.) 

4-2.4 Equipment Fuel Gas Piping. 

4-2.4.1 Manual Shutoff Valves and Cocks. 

4-2.4.1.1 Individual manual shutoff valves for equipment  
isolation shall be provided fox shutoff of the fuel to each 
piece of equipment.  

4-2.4.1.2 Manual shutoff valves shall have permanently 
affixed visual indication of the valve position. 

NOTE 1: Valves with removable wrenches should not 
allow the wrench handle to be installed perpendicular to 
the filel gas line when the valve is open. 

NOTE 2: Quarter-turll valves should be used. 

4-2.4.1.3 It shall be the user's responsibility to ensure 
that separate wrenches (handles) remain affixed to the 
valve and that they are oriented properly with respect to 
the valve port. 

4-2.4.1.4 Valves and cocks shall be maintained in accor- 
dance with the manufacturer 's instructions. 

NOTE: Particular attention should be given to the need 
fiw proper lubrication of lubricated plug cocks. 

4-2.4.2 Piping and Fittings. 

4-2.4.2.1 Material for the piping and fittings that connect 
the equipment  manual isolation valve to the burner  shall 
meet the requirements of NFPA 54, National Fuel Gas Code. 

4-2.4.2.2 Piping, fittings, and valves shall be sized to pro- 
vide proper flow rates and pressure to maintain a stable 
flame over the burner  operating range. 

4-2.4.3* Fuel Filters and Strainers. For new installa- 
tions, a gas filter or strainer shall be installed in the fuel gas 
piping to protect the downstream safety shutoff valves. 

4-2.4.4 Pressure Regulators and Pressure Switches. 

4-2.4.4.1 A pressure regulator shall be furnished wher- 
ever the plant supply pressure exceeds that required fox 
proper burner  operation or wherever the plant supply 
pressure is subject to excessive fluctuations. 

Exception: An automatic flow control valve shall be permitted to 
meet this requirement, provided it can compensate for the full  
range of expected source pressure variations. 

4-2.4.4.2 Regulators and switches shall be vented to a sali~ 
location where vented gas cannot re-enter the building 
without extreme dilution. The terminating end shall be 
protected against water entry and shall be bug-screened. 
Vent piping shall be of adequate size to allow normal reg- 
ulator and switch operation. 

Exception No. 1: Vent piping from regTdators and switches shall be 
pelvnitted to terminate within a building where used with lighter- 
thmt-air fuel gases, p~vvided the vent contains a restricted orifice rout 
discharges into a space large enough and with sufficient natural ven- 
tilation so that the escaping gases do not present a hazard and can- 
not re-enter the work area without extreme dilution. 

Exception No. 2: Vent piping shall not be required for regula- 
tors and switches where used with lighter-than-air fael gases at 1 
psig (7 kPa) inlet pressure or less, p~vvided the vent connection 
contains a restricted orifice and discharges into a space large 
enough, or is ventilated well enough, so that the escaping gases do 
not present a hazard. 

Exception No. 3: Fuel gas regulators and zero governors shall 
not be required to be vented i f  backloaded from combustion air 
lines, air-gas mixture lines, or combustion chambers, provided that 
gas leakage through the backload connection does not create a 
hazard. 

4-2.4.4.3 Fuel gas regulators and zero governors shall not 
be backloaded from oxygen or oxygen-enriched air lines. 

4"2"4"4"4 Vent lines from multiple furnaces shall not be 
manifolded together. 

4-2.4.4.5 Vent  l ines f rom mul t ip le  r e g u l a t o r s  and  
switches of a single furnace, where manifolded together, 
shall be piped in such a manner  that diaphragm rupture  of 
one vent line does not backload the others. 

4-2.5 Flow Control Valves. Where the min imum or the 
maximum flow of combustion air or the fuel gas is critical 
to the safe operation of the burner ,  flow valves shall be 
equipped with an appropriate limiting means and with a 
locking device to prevent an unintentional  change in the 
setting. 

4-2.6 Air-Fuel Gas Mixers. 

4-2.6.1 General.  This section shall apply only to mix~ 
tures of fuel gas with air and not to mixtures of fuel gas 
with oxygen or oxygen-enriched air. Oxygen shall not be 
introduced into air-fuel gas mixture piping, fuel gas mix- 
ing machines, or air-fuel gas mixers. 

NOTE 1: In the design, fabrication, and utilization of mix- 
ture piping, it should be recognized that the air-fuel gas 
mixture might be in the flammable range. 

NOTE 2: See Chapters I and 3 for guidance on building 
ventilation, building explosion relief, the installation of elec- 
trical equipment, and equipment location. 

4-2.6.2 Proportional Mixing. 

4-2.6.2.1 Piping shall be designed to provide a uniform 
mixture flow of proper pressure and velocity as needed for 
stable burner  operation. 

4-2.6.2.2 Valves or o ther  obs t ruc t ions  shall not  be 
installed between a proportional mixer and burners.  Fixed 
orifices shall be permitted for purposes of balancing. 

1995 Edition 



FURNACE HENFING SYSTEMS 86C-17 

4-2.6.2,3 Any field-adjustable device built into a propor-  
tional mixer (e.g., gas orifice, air orifice, ration valve) shall 
be ar ranged with an appropr ia te  locking device to prevent  
unintentional  changes in the setting. 

4-2.6.2.4 Where a mixing blower is used, an approved 
safety shutoff valve shall be installed in the fuel gas supply 
connection that shuts off" the fuel gas supply automatically 
when the blower" is not in operat ion and ira the event of  a 
fuel gas supply thilure. 

4-2.6.2.5 Mixing blowers shall not be used with fuel gases 
containing more than i0 percent  fi'ee hydrogen (H,.,). 

4-2.6.2.6 Mixing blowers having a static delivery pressure 
of more than 10 in. w.c. (2.49 kPa) shall be consjdered 
mixing machines. 

4,2.6.3 Mixing Machines. 

4-2.6.3.1" Automatic fire checks shall be provided in pip- 
ing systems distr ibuting flammable air-fuel gas nfixtures 
f iom a mixing machine. The  automatic fire check shall be 
installed as close as practical to the burner  inlet(s), and the 
manufacturer 's  installation guidelines shall be followed. 

4-2.6.3.2 A separate,  nmnually opera ted  gas valve shall be 
provided at each automatic fire check for shutting off the 
flow of air-fuel mixture through the fire check after a flash- 
back has occurred. The  wdves shall be located upstream as 
close as pract icable to the inlets of  the automat ic  fire 
checks, 

CAUTION:  These valves shall not be reopened after 
a flashback has occur red  until  the fire check has 
cooled sufficiently to prevent  reignition of the flam- 
mable mixture and has been proper ly  reset. 

4-2.6.3.3* A backfire arrester  with a safety blowout device 
shall be provided near  the outlet of each mixing machine 
producing  a flammable air-fuel gas mixttu'e. The  manufac- 
turer 's  installation guidelines shall be followed. 

4-2.6,3,4 A listed satiety shutoff vah'e shall be installed in 
the tuel gas supply connection of  any nfixing machine. This 
valve shall be ar ranged to shut off the fuel gas supply auto- 
matically when the mixing machine is not in operat ion or 
in the event of an air or fuel gas supply faihu'e. 

Exception: Where listed safety shutoff vah,es are not availahle 
for the se~7,ice intended, the selected device shall require approval 
Itv the authority, having jurisdiction. 

4-2.7 Fuel Gas Burners. 

4-2.7.1 All burners  shall maintain the stability of  the 
designed flame shape, without flashback or blow-oft; over 
the entire range of turndown that is encountered  dur ing  
operat ion where supplied with combustion air (oxygen- 
enr iched air or  oxygen) and the designed fuels ira the 
p rope r  propor t ions  and ira the proper  pressure ranges. 

NOTE: Burner operation could be adversely affected 
where other than the designed t'uels are used. 

4-2,7,2 All pressures required to1" safe operat ion of the 
combustion system shall be maintained within the p roper  
ranges throughout  the firing cycle. 

• 4-2,7,3 Burners shall have the ignition source sized and 
located in a position that provides safe and reliable ignition 
of  the pilot or main flame. 

4-2.7.3.1 Self-piloted burners  shall have a safe and reli- 
able transition fiom pilot flame to main flame. 

4-2.7.3.2 For burners  that cannot be ignited safely at all 
firing rates, positive provision shall be made to reduce the 
burner  firing rates dur ing  light-off to a lower level, which 
ensures a sate and reliable ignition of  the main flame 
(forced low-fire start). 

4-2.8 Fuel Ignition. 

4-2.8.1 The  ignition source (e.g., electric spark, hot wire, 
pilot burner ,  handheld torch) shall be appl ied effectively at 
the p roper  point and with sufficient intensity to ignite the 
air-fuel mixture. 

NOTE: A burner is suitably ignited when combustion of 
the air-fuel mixture is established and stable at the  dis- 
charge port(s) of the nozzle(s) or in the contiguous combus- 
tion tunnel. 

4-2,8.2 Fixed ignition sources shall be mounted  to pre- 
vent unintentional  changes in location and in direction 
with respect to tim main flame. 

4-2.8.3 Pilot burners  shall be considered burners,  and all 
provisions of  Section 4-2 shall apply. 

4-2.9 Dual-Fuel and Combination Burners. Where fuel 
gas and tirol oil are to be fired individually (dual-fuel) or  
simultaneously (combination), the provisions of Sections 
4-2, 4-3, and 5-12 shall apply equally to the respective 
fuels. 

4-3 Oil-Fired Units.  

4-3.1 Scope. 

4-3.1.1" This section shall apply to combustion systems 
tbr furnaces fired with No, 2, No, 4, No, 5, and No, 6 
industrial filel oils as specified by ASTM D396, Standard 
Specifications for Fuel OiLs'. It also includes the oi l-burning 
portions of  dual-fuel and combination burners.  

4-3.1.2 Addit ional  considerat ions that are  beyoud the 
scope of this s tandard shall be given to other  combustible 
liquids not specified in 4-3.1.1. 

4-3.1.3 Burners, along with associated valving, safety con- 
trois, and other  auxiliary components,  shall be suitable for 
the type and pressure of the fuel oil to be used and tbr the 
temperatures  to which they are subjected. 

4-3.2 Combustion Air. 

4-3.2.1 The fuel-burning system design shall provide for 
an adequate  supply of  clean combustion air for p roper  
burner  operation.  

NOTE: Inlet air fihers can be used on combustion blowers 
where required to screen out solid matter. 

4-3.2.2 Precautions shall be taken to prevent  insuffi- 
c ient ly  d i lu t ed  p r o d u c t s  of  c ombus t i on  f iom shor t -  
circuiting back into the combustion air. 

NOTE: This requirement should not prevent tim use o f  
properly designed flue gas recirculation systems. 

4-3.2.3 Where pr imary or secondary combustion air is 
provided mechanically, combustion airflow or  pressure  
shall be proven and interlocked with the safety shutoff 
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valves so that oil cannot be admitted prior to establishment 
of combustion air and so that the oil is shut off in the event 
of combustion air failure. 

4-3.2.4 Where a secondary air adjustment is provided, 
adjustment shall include a locking device to prevent an 
unintent ional  change in setting. 

4-3.3 Oil Supply Piping. 

4-3.3.1 Storage tanks, their installation, and their supply 
piping materials shall comply with NFPA 31, Standard for 
the hlstallation of Oil-Burning Equipment. 

4-3.3.2 A remotely located shutoff valve shall be provided 
to allow the fuel to be turned off in an emergency and shall 
be located so that fire or explosion at a furnace does not 
prevent access to this valve. 

NOTE: A positive displacement oil pump may be permit- 
ted to serve as a valve by shutting off its power. 

4-3.3.3 Where a shutoff'is installed in the discharge line of 
an oil pump that is not an integral part of a burner,  a 
pressure-relief valve shall be connected to the discharge line 
between the pump and the shutoff" valve and arranged to 
return surplus oil to the supply tank or to bypass it around 
the pump, unless the pump includes an internal bypass. 

4-3.3.4 MI air fi'om the supply and return piping shall be 
purged initially, and air ent ra inment  in the oil shall be 
minimized. 

NOTE 1: A long circulating loop, consisting of a supply 
leg, a back-pressure regulating valve, and a return line back 
to the storage tank, is a means of redt, cing air entrainment. 

NOTE 2: Manual vent valves might be qeeded to bleed air 
fi'om the high points of the oil supply piping. 

4-3.3.5 Suction, supply, and return piping shall be ade- 
quately sized with respect to oil pump capacity. 

4-3.3.6* Wherever a section of oil piping can be shut off 
at both ends, relief valves or expansion chambers shall be 
used to release the pressure caused by thermal expansion 
of the oil. 

4-3.4 Equipment  Oil Piping. 

4-3.4.1 Manual Shutoff Valves and Cocks. 

4-3.4.1.1 Individual manual shutoff valves for equipment  
isolation shall be provided for shutoff of the fnel to each 
piece of equipment. 

4-3.4.1.2 Manual shutoff valves shall be installed to avoid 
oil spillage dur ing servicing of supply piping and associ- 
ated components. 

4-3.4.1.3 Manual shutoff valves shall display a perma- 
nently affixed visual indication of the valve position. 

NOTE l: Valves with removable wrenches should not 
allow the wrench handle to be installed perpendicular to 
the fuel gas line when the valve is open. 

NOTE 2: Quarter-turn vah, es should be used. 

4-3.4.1.4 It shall be the user's responsibility to ensure 
that separate wrenches (handles) remain affixed to the 
valve and that they are oriented properly with respect to 
the valve port. 

4-3.4.1.5 Valves and cocks shall be maintained in accor- 
dance with the manufacturer 's instructions. 

NOTE: Particular attention should be given to the need 
['or proper lubrication of'lubricated plug cocks. 

4-3.4.2 Piping and Fittings. 

4-3.4.2.1 Equipment piping shall be in accordance with 
NFPA 31, Sta~ldard for the lr~stallation of Oil-Bursting Equipment. 

4-3.4.2.2 Piping, fittings, and valves shall be sized to pro- 
vide proper flow rates and pressure to maintain a stable 
flame over the burner  operating range. 

4-3.4.3 Oil Filters and Strainers. 

4-3.4.3.1 An oil filter or strainer shall be installed in the 
oil piping to protect the downstream components. 

4-3.4.3.2 The degree of filtration shall be compatible with 
the size of the most critical clearance being protected. 

NOTE: Customarily. a filter or strainer is installed in the 
supply piping to protect the pump. However, this filter or 
strainer mesh usually is not sufficiently fine for burlaer add 
valve protection. 

4-3.4.3.3 The filter or strainer shall be suitable tbr the 
intended pressure, temperature, and service. 

4-3.4.4 Pressure Regulators. A pressure regulator shall 
be fin,fished wherever the plant supply pressure exceeds 
that required for proper burner  operation or wherever the 
plant supply pressure is subject to excessive fluctuations. 

Exceptio,: An aut, omatic flow co~ztrol valve shall be permitted to 
meet this requirement, provided it can compensate for the full 
range of expected source pressure variatimls. 

4-3.5 Flow Control Valves. Where tim minimum or the 
maximum flow of combustion air or the fuel oil is critical to 
the safe operat ion of the burner ,  flow valves shall be 
equipped with an appropriate limiting means and with a 
locking device to prevent an unintentional  change in the 
setting. 

4-3.6 Oil Atomization. 

4-3.6.1" Oil shall be atomized to droplet size as required 
for proper combustion througlmut the firing range. 

4-3.6.2 The  atomizing device shall be accessible for 
inspection, cleaning, repair, replacement, and other main- 
tenance as required. 

4-3.7 Oil Burners. 

4-3.7.1 All burners  shall maintain tim stability of tim 
designed flame shape over the eqtire range of turndown 
that is encountered during operation where supplied with 
combustion air (oxygen-enriched air or oxygen) and the 
designed fuels in tim proper proportions and in the proper 
pressure ranges. 

4-3.7.2 All pressures required tbr the safe operation of 
the combustion system shall be maintained within the 
proper ranges throughout  the firing cycle. 

4-3.7.3 The burner  shall be supplied with fuel oil of the 
proper grade that has been preconditioned to the required 
viscosity, 

4-3.7.4 Burners shall have the ignition source sized and 
located in a position that provides safe and reliable ignition 
of the pilot or main flame. 

4-3.7.4.1 Self piloted burners shall have a safe and reli- 
able transition from pilot flame to main flame. 
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4-3.7.4.2 For burners  that cannot be ignited safely at all 
firing rates, positive provision shall be made to reduce the 
burner  firing rates dur ing light-off to a lower level, which 
ensures a safe and reliable ignition of the main flame 
(forced low-fire start). 

4-3.7.5 If purging of oil passages upon normal termina- 
tion of a firing cycle is required, it shall be done prior to 
shutdown with the initial ignition source present and with 
all'associated fans and blowers in ope~ation. 

4-3.8 Fuel Ignition. 

4-3.8.1 The ignition source (e.g., electric spark, hot wire, 
pilot burner ,  handheld torch) shall be applied efliectively at 
the proper point and with sufficient intensity to igtiite the 
air-fuel mixture. 

NOTE: A burner is suitably ignited "wlicn combustion of 
the air-fiiel ,nixmre is established and stable at the dis- 
charge port(s) of the nozzle(s) or in the contiguous combus- 
tion tunnel. 

4-3.8.2 Fixed ignition sources shall be so mounted to pre- 
vent unintetational changes in location and in direction 
with respect to the main flame. 

4-3.8.3 Pilot burners  shall be considered burners,  and all 
provisions of Section 4-2 shall apply. 

4-3.9 Dual-Fuel and Combination Burners. Where fuel 
gas and filel oil are to be fired individually (dual-fuel) or 
simultaneously (combination), the provisions of Sections 
4-2, 4-3, and 5-12 shall apply equally to the 'respective 
fuels. 

4-4 Oxygen-Enhanced Fuel-Fired Units. 

4-4.1" Scope. This section shall apply to combustion sys- 
tems using oxygen (oxy-fuel) or oxygen-enriched air with 
gas or liquid fuels. The requirements shall be in addition to 
those in Sections 4-2 and 4-3 and Chapter 5. 

4-4.2 Combustion Systems Utilizing Oxygen. 

4-4.2.1 Oxygen storage and deliverysystents shall comply 
with NFPA 50, Sta, dard for Bulk Oxygen Systems at Con:~umer 
Sites. 

4-4.2.2 Oxygen shall not be introduced into inlet or dis- 
charge piping of air compressors or blowers that are inter- 
nally lubricated with petroleum oils, greases, or other com- 
bustible substances. 

4-4.3 Oxygen Pipingand Components. 

4-4.3,1 Design, materials of construction, installation, and 
tests of oxygen piping shall comply with the applicable sec- 
tions of ANSI B31.3, Chemical Pla,t aud Petroleum Refi~e~ 3, 
Piping. 

4-4.3.2 Mater ia ls  and construction methods used in the 
installation of the oxygen piping and components shall be 
compatible with oxygen. 

NOTE: CGA G-4.4, Industrial Prachces for Gaseous Ox3"ge, 
7)w~smissio, and Dish'ibutio~ Pipi,g Systems, specifies maxi- 
mum gas velocity criteria, materials of construction, instal- 
lation methods, joining methods, metering meihods, us~e of 
filters, and specifications fin" oxygen-compatible sealing 
materials, gasket materials, and thread sealants. 

4-4.3.3 Piping and components that come in contact with 
oxygen shall be cleaned prior toadmit t ing  gas, 

NOTE: See CGA G-4.1, Cleaning Equipment for Oxygen 
Semfice. 

4-4.3.4 Air introduced into oxygen passages in burners,  
such as cooling air, shall be flee of oil, grease, and other 
combustible materials. 

NOTE: This requirement is intended to prevent the con- 
t~imination of surfaces that must be clean for oxygen service 
fl'om the oil normally present in plant compressed air. 

4-4.3.5 A remotely located shutoff valve shall be provided 
to allow the oxygen to be turned off in an emergency and 
shall be located so that fire or explosion at a fnrnace does 
not prevent access to this valve. 

4-4.3.6 Oxygen from pressure-relief devices and purge 
outlets shall not be released into pipes or manifolds where 
it can mix with fuel. 

4-4.3.7 Oxygen fiom pressure-relief devices and purge 
outlets shall be released to a safe location. 

4-4.3.8 Means shall be provided to prevent oxygen, fuel, 
or air to intermix in burner  supply lines due to valve leak- 
age, burner  plugging, or other system malfunctions. 

4-4 .3 .9  O x y g e n  p i p i n g  a nd  c o m p o n e n t s  shall  be 
inspected and maintained. 

NOTE: See CGA G-4.4, hMush'ial Practices ['or Caseous Oxy- 
gett 7)'ansmission and Dishibuhon Piping Systems. 

4-4.3.10 If glass robe flowmeters are used in oxygen ser- 
vice, safeguards against personnel injury from possible 
rupture shall be provided. 

4-4.3.11" The piping tied fi-om a cryogenic supply source 
shall be protected fiom excessive cooling by means of an 
automatic low-temperature shutoff device. 

4-4.3.12 Piping and controls downstream of an oxygen 
pressure-reducing regulator shall be able to withstand the 
maximum potential upstream pressure or shall be pro- 
tected from overpressurization by means of a suitable 
pressure-relief device. 

4-4.4 Oxygen Flow Control Valves. 

4-4.4.1, Where the minimum or the nmximum flow of 
oxygen or oxygen-enriched air is critical to sate operation 
of the burner ,  flow control valves shall be equipped with an 
appropriate limiting means and locking device to prevent 
an unintentional  change in tim setting. 

4-4.4.2 An oxygen prtSssui'e regulator shall be furnished 
wherever  the source oxygen p ressure  exceeds that  
required for proper burner  operation or wherever the 
source pressure is subject to excessive fluctuations. 

Exceptio,: A~ aatomatic flow co~trol valve shall be permitted to 
meet this requireme~zt, provided it cat~ compet~sate for the full 
r(mge of expected source pressure variations and complies.with 
4-4.4.1. 

4-4.5 Oxygen-Enriched Combustion Air. 

4-4.5.1 Filters shall be installed in the air blower intake to 
minimize contamination of the oxygen-enriched air piping. 
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4-4.5.2 Devices, such as diffusers, used to disperse oxy- 
gen into an airs tream shall be designed to prevent  je t  
impingement  of  oxygen onto interior  surfaces of the air 
piping. 

NOTE: Diffusers commonly are used to disperse oxygen 
into an airstream eflecting rapid and complete mixing of 
the oxygen into the air. High-velocity impingement of oxy- 
gen is a potential fire hazard. 

4-4.5.3 Oxygen-enr i ched  combust ion air shall not  be 
introduced into a burner  before the oxygen has been uni- 
formly mixed into the airstream. 

4-4.5.4 Branching of the enr iched-air  piping shall not be 
permit ted betbre a uniform mixture of oxygen and air has 
been attained. 

4-5 Flue Product Venting. 

4-5.1 A means shall be provided to ensm'e adequate ventila- 
tion tbr the products of combustion on fuel-fired equipment. 

4-5.2 Collecting and venting systems for radiant  tube- 
type heating systems shall be of  sufficient capacity to pre- 
vent  an exp los ion  or  fire haza rd  due  to the flow of  
unburned  fuel through the radiant  tubes. The  system shall 
be capable of  dilution of  the rated maximum input  capac- 
ity of  the system to a noncombustible state. 

Exception: These requirements shall not apply to radiant tube- 
t~pe heating systems provided with two safety shutoff valves inter- 
locked with combustion safeguards. 

4-6 Electrically Heated Units. 

4-6.1 Scope. This section includes all types of heating sys- 
tems where electrical energy is used as the source of  heat. 

4-6.2 Safety Equipment. Safety equipment  including air- 
flow interlocks, time relays, and tempera ture  switches shall 
be in accordance with Chapter  5. 

4-6.3 Electrical Installation. All parts of the electrical 
installation shall be in accordance with NFPA 70, National 
Electrical Code. 

4-6.4 Resistance Heating Systems. 

4-6.4.1 The  provisions of 4-6.4.1 through 4-6.4.3 shall 
apply  to resistance heat ing systems, including infrared 
lamps, such as quartz, ceramic, and tubular  glass types. 

4-6.4.2 Construction. 

4-6.4.2.1 The  heater  housing shall be constructed to pro- 
vide access to heating elements and wiring. 

4-6.4.2.2 Heating elements and insulators shall be sup- 
por ted  securely or |hsteued so that they do not become 
easily dislodged f iom their  in tended location. 

4-6.4.2.3 Heat ing elements that are electrically insulated 
from and suppor ted  by a metallic frame shall have the 
fi'ame electrically grounded.  

4-6.4.2.4 Open- type  resistor heat ing elements shall be 
suppor ted  by electrically insulated hangers and shall be 
secured to prevent  the eft?ects of motion induced by ther- 
mal stress, which could result in adjacent  segments of  the 
elements touching one another ,  or  the effects of  touching a 
g rounded  surface. 

4-6.4.2.5 External parts of  furnace heaters that are ener- 
gized at voltages that could be hazardous as specified in 
NFPA 70, National Electrical Code, shall be guarded.  

4-6.4.3 Heater Locations. Heaters shall not be located 
directly under  the product  be ing  heated where combusti- 
ble materials can drop  and accumulate. 

4-6.5 Induction and Dielectric Heating Systems. 

4-6.5.1 Induction and dielectric heating systems shall be 
designed and installed in accordance with NFPA 70, National 
Electrical Code, with special refiei'ence to Article 665. 

4-6.5.2 Construction. 

4-6.5.2.1 C o m b u s t i b l e  e lec t r ica l  insu la t ion  shall  be 
reduced to a minimum. 

NOTE: Transformers should be of the dry, high-fire 
point, or less flammable liquid type. Dry transfi)rmers 
should have a 150°C (270°F) rise insulation in compliance 
with NEMA TR 27, Commercial, Institutional and Industrial 
D~y-7~vpe Tran,fonners, Section 4.03. 

4-6.5.2.2 Protection shall be installed to prevent  over- 
heating of any part  of  the equipment  in accordance with 
NFPA 70, National Electrical Code. 

4-6.5.2.3 Where  water-cooling is used for transformers,  
capacitors, electronic tubes, spark gaps, or high-frequency 
conductors,  cooling coils and connections shall be ar ranged 
so that leakage or condensation does not damage the elec- 
trical equipment .  The  cooling-water supply shall be inter- 
locked with the power supply so that loss of water cuts off 
the power supply. Considerat ion shall be given to provid- 
ing individual pressure flow interlocks for parallel water- 
flow paths. 

4-6.5.2.4 Where  forced ventilation by motor-driven fans 
is necessary, the air supply shall be interlocked with the 
power supply. An air filter shall be provided at the air 
intake. 

4-6.5.2.5 The  conveyor motor  and the power supply of  
dielectric heaters of the conveyor type used to heat com- 
bustible materials shall be interlocked to prevent  overheat- 
ing of  the material being treated. 

4-6.5.2.6 Dielectric heaters used for treating highly com- 
bustible materials shall be designed to prevent  a disruptive 
discharge between the electrodes. 

4-7 Fluid Heating Systems. 

4-7.1 Scope. This section shall apply to all types of heat- 
ing systems where water, steam, or heat transfer fluids are 
the source of  heat through the use of  heat exchangers sup- 
plied from a central heater or generator .  

4-7.2 General. 

4-7.2.1 Piping and fittings shall he in accordance with 
ANSI B31.1, Power Piping. Suitable relief valves shall be 
provided where needed. 

4-7.2.2 Enclosures or  ductwork tbr heat exchanger  coils 
shall be of noncombustible construction with suitable access 
openings provided for maintenance and cleaning. 

4-7.2.3 Heat exchangers or steam coils shall not be located 
on the floor of an oven or in any position where paint drip- 
page or combustible material can accumulate on the coils. 
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4-7.3 Safety Devices. 

4-7.3.1 Control  equ ipment  and appl ica t ion- to  heat ing 
systems shall be in accordance with Chapter  5. 

4-7.3.2 System equipment  shall be opera ted  within the 
tempera ture  and pressure limits specified by the suppl ier  
or manufacturer  of the heat transfer medium and by the 
manufacturer  of  the equipment.  

4-7.3.3 On circulating liquid systems, the following inter- 
locks shall be provided to shut off the heater  automatically: 

(a) Low liquid level; 
(b) Low circulation rate; and 
(c) High liquid temperature .  

4-7.3.4 To aw)id an abnormally high tempera ture  at coil 
surfaces, pressure in heat exchanger  coils shall be main- 
tained at the nfinimum pressure necessary to provide the 
required drying temperature .  

NOTE: This usually is accontplished by an automatic pres- 
sure regulating device. 

4-7.3.5 Recirculation directly over the heat  exchanger  
coils shall not be used if lint or other light combustibles 
could be carried back to and deposited on the coil surfaces. 

Exception: Where the recirculated atmosphere is properly filtered. 

Chapter 5 Safety Equipment and Application 

5-1 Scope. 
5-1.1 This chapter  shall apply to safety equipment  and its 
application to furnace heating and ventilation systems. Sec- 
tion 5-3 shall apply to all sali:ty controls included in this 
s tandard.  

Exception: This chapter shall not apply to special atmosphere 
getterators, which are covered in Chapter 6. 

5-1.2 For the purpose  of this chapter ,  the term "furnace 
heating system" shall include the heating source, associated 
p ip ing  and wiring used to heat  the fitrnace, auxil iary 
quenches, and the work therein. 

NOTE I: For the protection of personnel and property, 
careful consideration should be given to the supervision 
and monitoring of conditioqs that could cause, or could 
lead to, a real or potential hazard on any installation. 

NOTE 2: The presence of safi:ty equipmeqt on an instal- 
lation cannot, in itself, ensure absolute safety of operation. 

NOTE 3: There is no substitute for a diligent, capable, 
well-trained operator. 

NOTE 4: Highly repetitive operational cycling of any 
satk~ty device can reduce its lift: span. 

5-2 General. 

5-2.1 All saf;ety devices shall be listed for the service 
intended.  Satiety devices shall be applied and installed in 
accordance  with this s t andard  and the manuf~lcturer's 
instructions. 

Exception: Where listed devices are not available for the sere,ice 
intended, the selected device shall require approval by the attthof 
itv having.jurisdictiom 

5-2.2 Electric relays and safety shutoff valves shall not be 
used as substitutes for electrical disconnects and manual  
shutoff valves. 

5-2.3 A shutdown of  the heating system by any safety fea- 
ture or safety device shall require manual intervention of  
an opera tor  for re-establishment of normal operat ion of  
the system. 

5-2.4 Regularly scheduled inspection, testing, and main- 
tenance of all safety devices shall be performed.  (See Chap- 
ter 17.) 

5-2.4.1 It shall be the responsibility of the equipment  
manufacturer  to provide operat ing instructions that cover 
s ta r t -up ,  shutdown,  emergencies ,  and  p roc e du re s  for 
inspection, testing, and maintenance. 

5-2.4.2 It shall be the responsibility of  the user to establish, 
schedule, and enforce the fi'equency and extent of the inspec- 
tionl testing, and maintenance program, as well as the correc- 
tive action to be taken. Documented safety inspections and 
testing shall be performed at least annually. 

NOTE: Actual operating conditions affect the fiequency 
and extent of these programs. 

5-2.5 Safety devices shall be installed, used, and main- 
tained in accordance with the manuthcturer 's  instructions. 

5-2.6 Safi~ty devices shall be located or guarded  to protect  
them fi'om physical damage. 

5-2.7 Safety devices shall not be removed or rendered  
inefti~ctive. 

5-2.8 Safety devices shall not be bypassed electrically or 
mechanically. 

5-2.9* Electrical power fbr safety-control circuits shall be 
single-phase, one-side grounded,  with all breaking contacts 
in the " h o t "  u n g r o u n d e d ,  f u s e - p r o t e c t e d  or  c i rcui t  
breaker-protected line, and  shall not exceed 120-volt 
potential. 

5-3 Programmable Controllers. 

5-3.1 Scope. A programmable controller is defined as a 
general purpose industrial processor capable of applications 
for safety and control purposes. This section shall apply to 
the use of programmable controllers in safety circuits. 

5-3.2 General. 

5-3.2.1 The  supplier  of the application software for the 
progranunable  controller shall provide the  end user and 
the authority having jurisdict ion with the documentat ion 
needed to verify that all related safety devices and safety 
logic are functional befbre the programmable  controller  is 
placed in opera t ion .  

5-3.2.2 In the event of a power failnre, the programmable 
controller (hardware and. so|~ware) shall not prevent the sys- 
tem fi'om reverting to a safe defhult condition. A safe condi- 
tion shall be maintained upon the restoration of power. 

5-3.2.3 The  control system shall have a separate manual 
emergency switch, independent  of  the p rogrammable  con- 
troller, that initiates a safe shutdown. 

CAUTION:  For sume applications, addit ional  man- 
ual action might be required to br ing the process to a 
safe condition. 
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5-3.2.4 Any changes to hardware or software shall be doc- 
umented,  approved, and maintained in a file on the site. 

5-3.2.5 The internal status of the progranmmble control- 
ler shall be monitored. In the event of a programmable 
controller faihu'e, the system shall annunciate  and cause 
the system to revert to a safe condition. 

5-3.2.6 The system access shall be limited by incorporat- 
ing measures to prevent unauthorized access to the  pro- 
grammable controller or its logic that could resuh in haz- 
ards to personnel or equipment.  

CAUTION: Modems and networks require special 
measures to provide the necessary security. 

5-3.3 Combustion Safety Circuitry. 

5-3.3.1 Programnmble conuollex-based systems listed for 
combustion safeguard service shall be permitted where 
applied in accordance with the manufacturer's instructions. 

NOTE: Programmable controllers not listed for combus- 
tion safeguard service may be permitted to be used only to 
monitor equipment, with the exception that isolated pro- 
grammable controller contacts (not directly connected to a 
power source) may be permitted to be wired in series with 
the safety circuits specified in 5-3.3.1. 

5-3.3.2 Purge, ignition trials, and other bu rne r  safety 
sequencing shall not be perfbrmed by any device not listed 
for snch service. 

5-3.3.3 Where a programmable controller is used in con- 
junct ion with the combustion safety circuitry, the combus- 
tion safety interlocks, combustion safeguards, and excess 
temperatnre limits shall be wired to directly de-energize 
the safety shutoffvalves, and their operation shall cause the 
system to revert to a safe default condition. 

5-3.4 Hardware. 

5-3.4.1 A fhilure of programmable controller hardware 
shall cause the system to revert to a safe default condition. 

NOTE: Failure modes include, but are not limited to: 

(a) Failure of CI'U to execute the program; 
(b) Failure of the system to recognize changes in input or 
output status; 

(c) Failure of tim 1/O module to scan input and output signals; 
(d) Failure of input to respond to the action of tim COl]- 
nected device; 
(e) Failure of the program to consuh input or external 
iMbrmation sources correctly; 
(t) Failure of output to respond to CPU instructions; and 
(g) Failure of a illenlol'y loca t ion  or  register. 

5-3.4.2 A progranmmble  controller  shall be provided 
with a watchdog timer external to the CPU and memory. 
Failures detected by the watchdog timer shall cause the 
system to revert to a sa[~ default condition. 

5-3.4.3 System operation shall be tested and verified tbr 
compliance with this standard and the original design cri- 
teria whenever the programmable controller is replaced, 
repaired, or updated. 

5-3.5 Software. 

5-3.5.1 Whenever  appl ica t ion  software that contains  
satiety logic or detection logic is modified, system operation 

shall be verified for compliance with this standard and the 
original design criteria. 

5-3.5.2 The software for the programmable controller 
shall reside in some form of nonvolatile storage (naenlory 
that retains information o n  loss of system power). 

5-3.5.3 Application software that contains safety logic 
shall be separated from all other programming. Applica- 
tion software that interacts with satety logic or detection 
logic for input /output  devices shall be separated fiom all 
other programming.  

5-3.5.4 Unauthorized change or corruption of software 
shall cause the system to revert to a safe default condition. 

5-4 Safety Control Application for Fuel-Fired Heating 
Systems. 
5-4.1 Preignition (Prepurge, Purging Cycle). 
5-4.1.1 Prior to each furnace heating system start-up, 
provision shall be made for the removal of all flammable 
vapors and gases that might have entered the heating 
chambers dur ing the shutdown period. 

NOTE: Procedures for admitting and withdrawing flam- 
mable special processing atmospheres are covered in Chap- 
ters 7, 8, 9, 10, and 1 I. 

5-4.1.2 A timed preignition purge shall be provided. At 
least 4 standard cubic feet (SCF) of fi-esh air or inert gas 
per cubic foot (4 m:~/m :~) of heating chamber volume shall 
be i n t roduceddur ing  the purging cycle. 

5-4.1.2.1 To begin the timed preignition purge interval, 
the following conditions shall be satisfied: 

(a) The minimum required preignition airflow shall be 
proven; 

(b) The safety shutoff valve(s) shall be closed (see 5-7.2.2 
for proof of closure requirements); and 

(c) The flame safeguard shall detect no signal. 

5-4.1.2.2 The minimum required preignition purge air- 
flow shall be proven and maintained throughout  the timed 
preignition purge interval. 

5-4.1.2.3 Failure to maintain  the mi n i nmm required 
preignition purge airflow shall siop the preignition purge 
and reset tim purge timer. 

5-4.1.3 A ftu'nace heating syste m, either alone or as part 
of multiple furnaces teeding into one fume incinerator, 
shall not be purged into an operating incinerator. 

Exception: A furnace heating system shall be permitte;l to be 
purged into an operating incinerator if it can be demonstrated that 
the flammable vapor concentration entering the fume incinerator 
cannot exceed 50 percent of the LEL. 

5-4.1.4 Preignition pmging  of radiant tube-type taeating 
systems shall be provided. 

Exception: Omission of preignition purging of radia~it tu'be-type 
heating systems shall be permitted where the systems are arranged 
and designed as follows: 

(a) The tubes are of metal construction and open at one or 
both ends with heat recove U .s3,stems, if used, that are of explosion- 
resist(nil construclio~l; o1 

(b) The entire radia,t tube heating system, including any associ- 
ated heat recove U system, is of explosion-resistant construction. 
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5-4.1.5 Prior to the reignition of a burner  after a burner  
shutdown or flame failure, a preignition purge shall be 
accomplished. " 

Exception: Repeating the preig~ition, purge shall not be 
required, provided: 

(a) The heating chamber tempe:rature exceeds 1400°F 
(760°C); or 

(b) All of the following co~ditions are satisfied: 
1. Each bu.rner and pilot is supexvised by a combustio~ 

safeguard in accordance with Section 5-9; 
2. Each bm'ner system is equipped with gas safet~ shutoff 

valves m accorda,~ce with Sectio~z 5-7; m~d 

3. It can be demonstrated that the combustible coTtcentra- 
riot7 m the heati~g chamber can.not exceed 25 percent of the LEL. 

CAUTION: Repeated ignition attempts can result in 
~i combustible concentration greater than 25 percent 
of the LEE. 

5-4.2 Trial fox ignition of pilots or main btn'ners shall qot 
exceed 15 seconds. 

Exception: A maximum of 60 seco~Ms shall be permitted for ig~6- 
tion, provided: 

(a) A written request for an extensio~z of trial for ignition is 
approved hy the authorih, havi,g jurisdiction; mzd 

(b) It is determh~ed that 25 perce~tt of the LEL cannot be 
exceeded m the exte,~ded time. 

5-5 Ventilation Safety Devices. 

5-5.1 Wherever a fan is essential to the operation of the 
oven .or allied equipment,  fan operation shall be proven 
and interlocked into the safety circuitry. 

5-5.1.1 Electrical interlocks and flow switches shall lye 
arranged in the satiety-control circuit so that loss of ventila- 
tion or allflow ifilmediately shuts down the heating system 
of the affected section, or, if necessary, loss of ventilation 
shall shut down the entire heat ing syste m as well as the 
conveyor. 

5-5.1.2 Air pressure switches shall not be used to prove 
airflow where dampers downstream of the pressure switch 
can be closed to the point o f / e d u c i n g  flow to an unsafe 
operating level. 

5-5.1.3 Air suction switches shall not be used to prove 
airflow where dampers upstream of the pressure switch 
can be closed to the point of reducing flow to an unsafe 
operating level. 

5-5.1.4 Means other than pressure and suction switches 
shall be used to prove airflow on systems where the air is 
contaminated with any substa.nce that might condense or 
otherwise create a deposit and interfere with the pertbr- 
mance of the switch. 

5-5.2 Dampers capable of bei~ag adjusted to a positio!a 
that can result in an unsate condition shall be equipped 
with naechanical stops, cut-away dampers, or limit switches 
interlocked into the satety circuitry to exasure that dampers 
are i n  a proper operating position. . 

5-6 Combustion Air Safety Devices. 

5-6.1 Where the air fi'om the exhaust or recirculating 
fans is required tbr combustion of the fuel, airflow shall be 

proven prior to an ignition attempt. Reduction of airflows 
to an unsate level shall result in closure of the safety shut- 
off vah, es. 

5-6.2 Where a combustiofi air blower is used, the mini- 
mum combustion air pressure required for proper burner  
operation shall be proven prior to each attempt at ignition. 

5-6.3 Motor starters on equipment  required for the com- 
bustion of the fuel shall be interlocked into the combustion 
safety circuitry. 

5-6.4 A low pressure switch shall be used to sense and mon- 
itor combustion air pressure or differential pressure and shall 
be interlocked into the combustion safety circuitry. 

5-6.5 Wherever it is possible tol" combustion air pressure 
to exceed a maximum safe operating pressure, as might 
occur where compressed air is utilized, a high pressure 
switch interlocked ,into the combustion safety circuitry shall 
he used. 

5-7 Safety Shutoff Valves (Fuel Gas or Oil). 

5-7.1 General. 

5-7.1.1 Safety shutoff valves shall be utilized as a key 
safety control to protect againstexpl6sipn.s and fires. 

N O T E :  Satiety. sh u to f f  valves  a r e  used  to effect  a safe shut -  

down when de-energized by any safety device in a burner , 
management system. 

5-7.1.2 Safety shutoff valves shall automatically shut off 
the fuel to the burner  system after interrupt ion of the 
holding medium (such a s electric current  or flui d pressure) 
by any one of the interlocking safety devices or operating 
controls. Safety shutoff valves shall be self-closing and shall 
not be readily bypassed or blocked open. 

5-7.1.3 Safety shutoff valves shall not be used as modulat- 
ing control valves. 

Exceptiom The use of listed safety shutoff valves designed as 
both a safety shutoff valve and a modulatit~g valve, mtd tested for 
cmmurreltt use, shaU be permitted. 

5-7.1.4 Valve components shall be of a material suitable 
tbr the fuel handled and ambient conditions. 

5-7.1.5 Safety shutoff valves in systems containing partic- 
ulate matter or highly corrosive fuel gas shall be operated 
regularly in accordance with the manufacturer's instruc- 
tions to ensure their tail-szite operation. 

5-7.!.6 Valves sl)all not he subjecte d to pressures in 
excess of the m anuthcturer 's 'ratingsl 

5-7.1.7 If normal inlet pressure to the fuel pressure reg- 
ulator immediately ups t reamfl 'om the vah, e exceeds the 
valve's pressure rating, a relief valve shall be provided and 
it shall be vented to a safe location. 

5-7.1.8 Position indication shall be-provided fox safety shutoff 
vah,es to burners or pilots in excess of 150,000 Btu/hr (44 kW). 

5-7.2 Fuel Gas Safety Shutoff Valves. 

5-7.2.1 Each main and pilot fuel gas burner  system shall 
lye equipped with two safety shutoff valves piped in series. 
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Exception No. 1: I f  the main fuel gas burner system capacity is 
400,000 Btu/hr (117 kW) or less, a single safety shutoff valve 
shall be permitted. 

Exception No. 2: I f  the pilot fael gas burner system capacity is 
400,000 Btu/hr (117 kW) or less, a single safet~ shutoff valve 
shall be permitted. 

Exception No. 3: A single safety shutoff valve shall be pe~vdtted 
on a radiant tube-fired burner system where: 

(a) The tubes are of metal construction and open at one or 
both ends with heat recovery systems, if used, that are of explosion- 
resistant construction; or 

(b) The entire tad#rot tube heating system, including any associ- 
ated heat recovery system, is of explosion-resistant co~h~truction. 

5-7.2.2 Where the main or  pilot fuel gas burner  system 
capacity exceeds 400,000 Btu/hr (117 kW), at least one of 
the satiety shutoff valves required by 5-7.2.1 shall be proved 
closed and interlocked with the preignit ion purge interval. 
(See 5-4.1.2.1.) 

5-7.2.3* A permanent  and ready means for making tight- 
ness checks of  all fuel gas sat~ty shutoff valves shall be pro- 
vided. 

5-7.2.4 Tightness checks shall be pe r fo rmed  in accor- 
dance with the nmnufacturer 's  instructions. "Vesting fre- 
quency shall be at least annually. 

5-7.3 Oil  Safety Shutoff Valves. Two safety shutoff valves 
shall be provided under  any one of the tollowing conditions: 

(a) Where the pressure is greater than 125 psi (862 kPa); 
(b) Wherever  the fuel oil pump operates without the 

main oil burner  firing, regardless of  th¢ pressure; or  
(c) For combination gas and oil burners,  where the fuel 

oil pump operates du i i ng  the fuel gas burner  operation.  

NOTE: Where none of the conditions of 5,7.3(a) through 
(c) apply, a single safety shutoff valve should be permitted 
to be used. 

5-8 Fuel Pressure Switches (Gas or Oil). 

5-8.1 A low pressure switch shall be provided and shall be 
interlocked into the combustion safety circuitry. 

5-8.2 A high gas pressure switch shall be provided and 
interlocked into the combustion safety circuitry. The  switch 
shall be located downstream of  the final pressure-reducing 
regulator.  

Exception: For an oil s~stem, a high pressure switch shall not be 
required where the fael" supply pressure to the burners cannot 
exceed the operating limits of the s~,stem. 

5-8.3 Pressure switch settings shall be made in accor- 
dance with the opera t ing  limits of the burner  system. 

5-9 Combustion Safeguards (Flame Supervision), 

5-9.1 Each burner  flame shall be superyised by a combus- 
tion safeguard having a maximum flame tailure response 
time of 4 seconds or  less, interlocked into the combustion 
safety circuitry. 

Exception No. 1: The flame supervision shall be permitted to be 
switched oat of the combustion safety, circaihy for a furnace zone 
when that zone temperatare is at or above 1400°F (760°C). When 
the zone temperature drops below 1400°F (760°C), the burner 

shall be interlocked to allow its operation only if flame supervision 
has been re-established. A 1400°F (760°C) bypass controller shall 
be used for this propose. 

Exception No. 2: Omission of combustion safeguards on radiant 
tube-type heating systems shall be permitted where a suitable means 
of ignition is provided and the systems, are arranged and designed 
as follows: 

(a) The tubes are of metal construction and open at one or 
both ends with heat recovery svste~m', if used, that are of explosion- 
resistant construction; or 

(b) The entire radiant tube heathzg system, inchuling any associ- 
ated heat recovery system, is of explosion-resistant construction. 

Exception No. 3: Burners withoutflame supervision shall be 
pe~nitted, provided these burners are interlocked to prevent their 
operation when the zone temperature is less than 1400°F (760°C). 
A !400°F (760°C) bypass controller shall be used for this purpose. 

5-9,2 Flame Supervision. 

5-9.2.1 Each pilot and main burner  flame shall be super-  
vised independent ly.  

Exception No. 1: One flame sensor shall be pe~nitted to be Used 
to supervise the main burner and pilot flames if an interrupted 
pilot is used. 

Exception No. 2: One flame sensor shall be permitted to be used 
to supervise self-piloted burners, as defined in Chapter 2. 

5-9.2.2* Line burners,  pipe burners,  and radiant  burn-  
ers, where installed immediately adjacent to one another  
or connected with suitable f lame-propagat ing devices, shall 
be considered to be a single burner  and shall have at least 
one flame safeguard installed to sense burner  flame at the 
end of  the assembly farthest from the source of  ignition. 

5-10 Fuel Oil Atomization (Other than Mechanical 
Atomization). 

5-10.1 Adeqtmte pressure of  the atomizing medium shall be 
proven and interlocked into the combustion safety circuitry. 

5-10.2 The  low pressure  switch used to supervise the 
atomizing medium shall be located downstream, from all 
cocks, vanes,  and other  obstructions that can shut off flow 
or  cause excessive pressure d rop  of  atomization medium. 

5-11" Fuel Oil Temperature Limit Devices. Fuel oil 
t empera tu re  limit devices shall be provided  and inter- 
locked into the combustion safety circuitry if conditions 
allow the tuel oil t empera ture  to rise above or  fall below a 
p rede te rmined  safe level. 

5-12 Multiple Fuel Systems. 

5-12.1 Safety equipment  in accordance with the require- 
ments of this s tandard shall be provided tbr each tuel used. 
The  fact that oil or  gas is considered a standby fhel shall 
not reduce the safety requirements  for that fuel. 

5-12.2 Where dual-fuel burners  are used, positive provi- 
sion shall be made to prevent  the simultaneous introduc- 
tion of  both thels. 

Exception: This requirement shall not apply to combination 
burners. 
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5-13 Air-Fuel Gas Mixing Machines. 

5-13.1 A sa|ety shutoff wflve shall be installed in the fuel 
gas supply connection of  any mixing machine. 

5-13.2 This valve shaWbe arranged to shut off the thel gas 
supply autontatically when the mixing machine is not in 
operation or  in the event of  an air or fuel gas supply failure. 

5-14 Oxygen Safety Devices. 

5-14.1 Two oxygen salety shutoff valves in series shall be 
provided in tile oxygen supply line. 

Exception: If the capacity of the bmv~er system is 400,000 Btu/hr 
(117 k W) or less, a single srg'ety shutoff vah,e shall be pelvdtted, 

5-14.2 A filter or  fine-mesh strainer  shall precede the 
upstream satety shutoff valve, 

5-14.3 There  shall be a high oxygen flow or pressure 
l i m i t  interlocked into the combustion salety circuitry. The  
switch shall be located downstream of  the final pressure 
regtflator or automatic flow control valve. 

5-14.4 There  shall be a low oxygen flow or pressure limit 
interlocked into the combustion satiety circuitry. 

5-14.5 The  oxygen safety shutoff valves shall shut attto- 
matically after in terrupt ion of  the holding medium by any 
one of the interlocking satiety devices. 

5-14.6 Oxygen-Enriched Burners. 

5-14.6.1 Where  oxyggn is added  to a combustion air line, 
the oxygen and airflows shall be interlocked to prevent  the 
initiation of  oxygen flow prior  to establishment of  airflow. 

5-14.6.2 Upon loss of  oxygen flow, the flow of fuel shall 
be permit ted to continue where there is no interrupt ion in 
the flow of  combustion air, provided the control system can 
revert  automatically to a safe air-fuel ratio befi)re a hazard 
due to a fnel-rich flame is created. 

5-14.7 Bui'ner systems entploying water or other  liquid 
coolants shall be eqtfipped with a low coolant flow limit 
switch located downstream of the burner  and interlocked 
into the combustion saiety circuit]-y. 

5-14.7.1 A time delay shall be permit ted that allows the 
opera to r  to take corrective action, provided an alarm is 
activated and it can b e pi 'oved to the authori ty having 
jur isdict ion that such a delay cannot create a hazard. 

5-14.7.2 Coolant  piping systems shall be protected from 
freezing and overpressurization, 

5-15 Ignition of Main Burners--Fuel Gas or Oil. 

5-15.1 If a r educed  firing rate is required for safi~ and 
reliable ignition .of the burner  (tbrced low-fire start), an 
interlock shall be provident to pro,~,e the control valve is 
proper ly  posit ioned pr ior  m each at tempt at ignition. 

5-15.2 Electrical ignition energy |br  direct spark ignition 
systems shall be terminated after the main burner  trial-fi)r- 
ignition period.  

Exceptions: Comim~ous operatio~ of direct spark igmters shall be 
permitted for radiam tube-type !~eating systems that do ~mt require 
combustion safeguards. 

5-16 Excess Temperature Limit Controller. 

5-16.1 An excess t empera tu re  limit control ler  shall be 
provided and interlocked into the combustion safety cir- 
cuitry, unless it can be demonst ra ted  that a safe tempera-  
ture limit cannot be exceeded.  

5-16.2 Operat ion of the excess t empera ture  limit control- 
ler shall cut off the source of heat belbre the safe tempera-  
ture is exceeded. 

5-16.3 Operat ion of  the excess tempera ture  limit control- 
ler shall require manual reset before restart  of  the furnace 
or affected furnace zone. 

5-16,4 Failure of the temperature-sensing element  of  the 
excess tempera ture  limit controller  shall cause the same 
response as an excess tempera ture  condition. 

CAUTION: Where a thermocouple  is used with an 
excess t empera tu re  limit control ler ,  ruggedly  con- 
structed and conservatively rated thermocouples  and 
extension wires shall be used to minimize the proba-  
bility of a short  circuit in the thermocouple  or ther- 
ntocouple extension wires. Thermocouple  short cir- 
cuits should not  resul t  in the action requ i red  by 
5-16.4. 

5-16.5 The  tempera ture-sens ing  element  of the excess 
tempera ture  limit controller  shall be suitable for the tem- 
pera ture  and a tmosphere  to which it is exposed. 

5-16.6 The  tempera ture-sens ing  element  of the excess 
temperatm-e limit controller shall be located to sense the 
tempera ture  most critical to sate operation.  

5-16.7 The  excess tempera ture  limit controller  set point 
shall be displayed in units of tempera ture  (°F or °C). 

5-16.8 The  ope ra t ing  t e m p e r a t u r e  cont ro l le r  and  its 
t empera tu re - sens ing  e lement  shall not be used as the 
excess tempera ture  limit controller.  

5-17 1400°F (760°C) Bypass Controller. 

5-17.1 Where  pe rmi t t ed  in accordance  with 5-9.1 to 
switch the flame supervision out of  the combustion safety 
c i rcui t ry  or  to b r ing  unsuperv i sed  bu rne r s  on-l ine,  a 
1400°F (760°C) bypass controller shall be used. 

5-17.2 Failure of  the temperature-sensing element  shall 
cause the same response as an operat ing tempera ture  less 
than 1400°F (760°C). 

5-17.3 The  temperattn 'e-sensing element o[" the 1400°F 
(760°C) bypass controller  shall be suitable fi)r the tempera-  
ture and a tmosphere  to which it is exposed. 

5-17.4 The  temperature-sensing element of the i400°F 
(760°C) bypass controller shall be located to sense the tem- 
pera ture  most critical to safe operation.  

5-17,5 The  1400°F (760°C) bypass control ler  set point  
shall not be set below 1400°F (760°C), and the set point  
shall be displayed in units of temperature .  

5-17.6 Visual indication shall b e  provided  to indicate 
when the 1400°F (760°C) bypass controller is in the bypass 
mode. 

5-17.7 The  ope ra t ing  t e m p e r a t u r e  cont ro l le r  and  its 
t empera tu re - sens ing  elelnent  shall not be used as the 
1400°F (760YC) bypass controller. 
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5-18 Electrical Heating Systems. 

5-18.1 Heating Equipment Controls. 

5-18,1.1" Electric heating equipment  shall be equipped 
with a main disconnect device or with multiple devices to 
provide back-up circuit protection to equipment  and to 
persons servicing the equipment.  Such a disconnecting 
device(s) shall be made capable of interrupt ing maximum 
available fault current  as well as rated load current. (See 
NFPA 70, National Electrical Code.) 

5-18.1.2 Shutdown of the heating power source shall not 
inadvertently affect the operation of equipment  such as 
conveyors, ventilation or recirculation fans, cooling compo- 
nents, and other auxiliary equipment.  

5-18.1.3 Branch Circuits. Branch circuits and branch cir- 
cuit protection for all electrical circuits in the finnace heating 
system shall be provided in accordamze w{th NFPA 70, 
National Elechieal Code. 

5-18.1.4" The capacity of all electrical devices used to 
control energy for the heating load shall be selected on the 
basis of continuous duty load ratings where fully equipped 
for the location and type of service proposed. 

5-18.1.5 All controls using thermal protection or trip 
mechanisms shall be located or protected to preclude 
faulty operation due to ambient temperatures. 

5-18.2 Excess Temperature Limit Controller. 

5-18.2.1 An excess temperature limit controller shidl be 
provided and interlocked into the heatir~g control chcuit W. 

.Exceptio,7: Where it cm~ be demo~strated that a safe temperature 
limit cmmot be exceeded. 

.5-18.2.2 Operation of the excess temperature limit con- 
troller shall cut off the source of heat before.the sate tem- 
perature is exceeded. 

5-18.2.3 Operation of the excess temperatuye limit con- 
troller shall require manual reset before restart of the fur- 
nace or affected furnace zone. 

5-18.2.4 Failure of the temperature-sensing element of 
the excess temperature  limit controller shall cause the 
sanle response as an excess tenlperature condition. 

CAUTION: Where a thermocouple is used with an 
excess temperature  limit controller,  ruggedly con- 
structed and conservatively rated thermocouples and 
extension wires shall be used to minimize the probabil- 
it}, of a short circuit in the thernlocouple or thermocou- 
pie extension wires. Thermocouple short circuits should 
not result in the action .required by 5-18.2.4. 

5-18.2:5 The temperature-sensing element of the excess 
temperature limit controller shall be suitable tbr the ten> 
perature and atmosphere to which it is exposed. 

.5-18.2.6 The temperature-sensing element of the excess 
temperature limit controller shall be  located to sense the 
temperature most critical to safe operation. 

5-18.2.7 The excess temperature limit controller set point 
shall be displayed in units of tenlt)erature (°F or °C). 

5-18.2.8 The operating temperature controller and its 
tempera ture-sens ing element shall not be used as the 
excess temperature limit controller. 

Ch ap ter  6 F u m e  I n c i n e r a t o r s  

6-1 General. 

6-1.1" The design and construction of fume incinerators 
shall comply with all requirenmnts of Class A ovens in this 
standard. 

Exceptions: The requireme~ts for. explosion relief shall lint apply 
to fmne i~minerators. 

NOTE 1: Afterburner or ftjmq incine'rator systems might 
or might not employ catalysts or various heat exchange 
devices to reduce fuel usage. 

NOTE 2: Structural supports, thermal expansion joints, 
protective insulation for incinerator housings, stacks, 
related ductwork, and heat recovery systems utilizing incin= 
erator exhaust gases should be designed tbr operating tem- 
peratures of 450°F to 2000°F (232°C to 1093°C). 

6-1.2 Design and operation of combustion systems and 
controls shall comply with all parts of this standard per- 
taining to direct-fired ovens. 

CAUTION: AJa individual fume source, or multiple 
sources that feed into one fume incinerator, might cause 
additional hazards if t~ed into an operating incinerator 
during tim purge cycle of the source. (See 5-4.1.3.) 

NOTE: Additional interlocks should be provided to 
ensu.'e that proper operation is maintained in conjunction 
with the fume-generating process and that sufficient oper- 
ating temperatures are sustained fin" acceptable thermal 
destruction of fumes. 

6-1.3 Special precautions shall be taken to reduce the fire 
hazards where the relative location of equipment  or ttie 
type of fumes generated are such that. combustible liquids 
can condense or solids can be deposited between the gen- 
erating process and the afterburner. (See Chapters 3 and 18.) 

6-1.4 An excess temperature limit controller shall be pro- 
vided to prevent the uncontrolled temperature rise in the 
fimae incinerator. Operation of tim excess temperature limit 
controller shall interrupt fuel to the funm incinerator burner 
and st)all interrupt the source of tumes to the incinerator. 

NOTE: Forms of operating protection should be permit- 
ted to include one or more of the tblhm, ing: . 

Ca) Reduction or termination of fuel to the fume incindrator 
])Ul'llel'; 

(b) Interruption of the fume-generating process; 
(c) Dilution of hydrocarbon concentration with Ii"esh air; or 
(d) Partial emission stream bypass.of the heat exchanger. 

6-1.5 Direct Heat Recovery Systems:. 

6-1.5.1 An adequate supply of tiesh air shall be introduced 
into the system to provide the oxygen necessary for combus- 
tion of hydrocarbons as well as primary burner  fue l .  

6-1.5.2 Where direct heat recovery systems.are employed 
and portions of the incinerator exhaust gases are utilized 
as the heat source for one or more o f t h e  zones of the 
fume-generating oven, special precautions shall be taken to 
prevent recycling unburned  solvent vapors. 

NOTE: This type of system includes safety devices such as, 
but not limited to, proof of-flow, interh)cks, and tempera- 
mre limits. 
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6-2 Catalytic Fume Incinerators. 

6-2.1" An additional excess temperature limit controller 
shall be located downstream from the discharge of the cat- 
alyst bed for thermal protection of the catalyst elements. 
Operation of the excess temperature limit controller shall 
interrupt  tirol to the burner  and shrill interrupt  the source 
of thmes. 

6-2.2 Sufficient process exhaust ventilation shall be pro- 
vided to maintain vapor concentrations that cannot gener- 
ate temperatures at which thermal degradation of the cat- 
alyst can occur. 

NOTE: Concentrations at 25 percent LEL can produce a 
temperature rise near 600°F (316°C) that, where added to 
the required inlet temperature, resuhs in temperatures 
generally considered to be within a range where thermal 
degradation occurs. 

6-2.3 A differential pressure (kP) high limit switch, mea- 
suring across the catalyst bed, shall be used to detect pax- 
ticulate contamination. Operation of the high limit differ- 
ential pressure switch shall in te r rupt  fuel to the fume 
incinerator burner  and shall interrupt  the source of fiunes 
to the incinerator. 

NOTE: Oxidation pertbrmance of catalyst material is a 
function of temperature, velocity, and pressure drop (Ap) 
through the bed, with bed size and configuration directly 
related to these tactors. Pressure drop across the bed fluc- 
tuates with temperatures and particulate contamination. 
Contamination can lead to reduced safety ventilation. 

6-2.4 Where catalysts are utilized with direct heat recov- 
ery, a maintenance program shall be established, and fre- 
quent tests of catalyst performance shall be conducted so 
that unburned  or partially burned vapors are not reintro- 
duced into the process oven. 

Chapter 7* Special Atmospheres  

7-1 General. 
7-1.1 This chapter shall apply to the equipment  used to 
generate or to store special atmospheres and to meter or 
control their flows to atmosphere furnaces. Generated and 
synthetic special atmospheres are included. Furnaces and 
the means fox" safely using special atmospheres within them 
are covered in other chapters. Fox application of program- 
,nable controllers, also see Section 5-3. 

7-1.2 For the purposes of this standard, generated special 
atmospheres are those produced from the reaction of air 
with hydrocarbon fhels, air with ammonia, or the dissocia- 
tion of ammonia or other chemicals in atmosphere gener- 
ators. Generators shall be permitted to he separate fi'om 
the flu'naces they serve or shall be combiued with the thr- 
nace, since they utilize a commou heat source. 

7-1.3 Synthet?c atmospheres  are special a tmospheres 
derived fiom chemical liquids or liquefied gases such as 
anhydrous  ammonia,  alcohols, or hydrocarbon liquids. 
These industrially supplied gases or chemicals usnally are 
not chemically reacted nor burned prior to their introduc- 
tion to the furnace. However, they can react or decompose 
within the furnace. They generally are transported to the 
user and are stored at the user location in compressed gas 
cylinders or in bulk storage tanks. 

7-1.3.1 A mixture of a generated and a synthetic atmo- 
sphere shall be considered a synthetic atmosphere. 

7-1.3.2 Nitrogen made at the user site by cryogenic sepa- 
ration, adsorption separation, osmosis, or by other means 
from air also shall be considered a synthetic atmosphere or 
synthetic atmosphere constituent. 

7-1.4 The proper selection and operation of the equip- 
ment used to produce or store special atmospheres shall be 
the responsibility of the user and shall be subject to the 
authority having jurisdiction. 

7-1.5 Provision shall be made to dispose of unwanted 
atmosphere gas safely at the point of discharge from the 
generator .  Depending  upon the specific local circum- 
stances and the analysis of the atmosphere gas, this shall be 
accomplished by one of the fbllowing methods: . 

(a) A vent line, properly controlled by valves, shall be 
provided to allow venting Of the unwanted atmosphere gas 
to a safe place outside the building; or 

(b) A suitable method of completely burn ing  the atmo- 
sphere gas and properly disposing of the combustion prod- 
ucts shall be arranged. 

7-1.6 Provisions shall be made to dispose of atmosphere 
fluids vented fi'om synthetic atmosphere storage tanks and 
flow control units. Depending on local circumstances or 
ordinances and the nature  of the fluids, this shall be 
accomplished by one of the tbllowing methods: 

(a) A vent .line shall be piovided fl'om the point of 
release at a bulk tank, compressed gas cylinder, or flow 
control unit to convey combustible, flammable, toxic, c o l  
rosive, or otherwise hazardous fluids to a p!ace where 
release cannot threaten the safety of equipment,  buildings, 
or operating personnel. 

(b) Nonflannnable  fluids such as carbon dioxide and 
nontoxic fluids such as. nitrogen and argon shall be vented 
outside the building or at some other safe location if vent- 
ing at the maximum.rate poses a hazard o.f asphyxiation to 
occupants of the building at or near the point.of discharge. 

7-1.7 Motor starters, wiring, lighting, and other electrical 
devices or controls located in classified areas (containing 
flammable gases or liquids) shall conform to the require- 
ments of NFPA 70, Nat ional  Electrical Code, Article 500. 

NOTE: "For further information, see NFPA 497A, Recom- 
~i~ended Practice.ft," C&ssi/icalio, qf Class 1 Hazardous (Classifed) 
Locations./br Electrical Installations m Chemical Process A n'.as. 

7-1.8 Water-cooled atmosphere generators shall be pro- 
vided with valves on the cooling-water inlet. Piping shall be 
arranged to ensure that equipment jackets are maintained 
full of water. Closed cooling-water systems shall comply with 
3-2.9. Open cooling-water systems shall comply with 3-2.10. 

NOTE: Open cooling-water systems can include equip- 
mere having an open sight drain feeding into a sump tank 
and p u m p  []:)1" connection to tim user's closed cooling-water 
system. 

7-2 Exothermic Generators. 

7-2.1 General. 

7-2.1.1 Exothermic generators are those that convert a 
fuel gas to a special atmosphere gas hy completely or pax-- 
tially burn ing  the gas with air in a controlled ratio. 
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7 - 2 . 1 . 2  The  combustion reaction is self-supporting and 
gives off heat  (i.e., exothermic).  The  usual combust ion 
range is from 60 percent  to 100 percent  of  the stoichiomet- 
ric ratio (aeration). In exothermic generators,  the combus- 
tion products  become the a tmosphere  gas, and, therefore, 
the gaseous constituents supplied to exothermic generators  
are called fuel gas and air. 

7-2.2 Protective Equipment. 

7-2.2.1 Pro tec t ive  e q u i p m e n t  shall  be se lec ted  and  
applied separately fbr the fuel gas and air, and interlocks 
shall be provided.  The  protective devices shall shut down 
the system and shall require manual resett ing after any 
utility (fuel gas, air, power) or  mechanical failure. Observa- 
tion ports  shall be provided  to allow ready viewing of  
burner  operat ion under  all firing conditions. 

Exception: Where observation ports are not practical, other mean: 
of ve14fying lighting of individual burners shall be provided. 

7-2.2.2 The  required protective equipment  and proce- 
dures  shall include: 

(a) A safety shutoff valve(s) in the fuel gas supply piping 
a r ranged  to close in case of  abnormally low fuel gas pres- 
sure, abnormally high fuel gas pressure,  loss of  air supply, 
power failure, or flame failure. A manual operat ion shall be 
required to open this valve. 

Exception: A protective device on the air supply shall not be 
required where a gas-air mechanical mbcer is emplo~ced. 

(b) A low pressure switch in the fuel gas supply piping. 
This device shall close the safety shutoff valve and shut off 
the air supply or mechanical mixer in case of abnormally 
low fuel gas pressure.  

(c) A high pressure switch in the fuel gas supply piping 
where the system is subject to abnormally high fuel gas 
pressures that might create a dangerous  situation. This 
device shall close the safety shutoff valve and shut off the 
air supply or  mechanical mixer in case of abnormally high 
fuel pressure.  

(d) A low presstn-e switch in the air supply piping con- 
nected to an air blower or  compressed air line. This device 
shall close the safety shutoff valve and shut off the air sup- 
ply in case of abnormally low air pressure. 

(e) A device that shuts off the air from a remote supply 
in case of  power failure or abnormally low or  abnormally 
high fuel gas pressure at the generator .  

(f) A preignit ion purge timer. 
(g) A flame saleguard device supervising the main burn-  

er(s) to shut off the safety shutoff valve and air supply or  
mechanical mixer when a flame tailure occurs. 

(h) A reliable method of ignition for each burner .  Main 
burner  ignition shall be by a supervised, in ter rupted  gas 
pilot. 

Exception: Certain conditions and designs shall be permitted to 
preclude the preferred main flame supe~fision under all operating 
cmtditions as follows: 

(a) Direct ignition; or 

(b) Continuous pilot supel~fision with dual.flame sensors.lot 
both the pilot and the main jqame; or 

(c) A Conlbination of continuolts pilot supelvision with moni- 
toring of the generalor chamber discharge temperature. 

(i) A trial for ignition of  pilots or main burners  not 
exceeding 15 seconds. 

(j) Flow indicators ,  meters ,  or  different ia l  p ressu re  
devices on the fuel gas and air supply piping, or a test 
bu rne r  with suitable flashback protect ion in the air-gas 
mixture line, to aid a trained opera tor  in checking the air- 
gas ratio. 

(k) A manual  cock or  valve on the downstream side of  
the satiety shutoff valve, with a tap between these valves to 
allow periodic checking of the tightness of  the closure of 
the safety shutoff valve. 

(l) An automatic fire check installed in the air-gas mix- 
ture line, as close as practicable to the genera tor  burner  
inlet, wherever a mechanical mixer employing an auto- 
matic constant air-gas ratio device is used. Actuation of  t h e  
fire check shall close the satiety shutoffvalve in the gas sup- 
ply line and stop the mechanical mixer. 

(m) A manual  shutoff valve(s), designated as the main 
fuel gas shutoff  valve, in the gas supply  line, located 
directly upstream from the safety shutoff valve. This valve 
shall be readily accessible to the opera tor  for emergency 
and normal shutdown. 

(n) An a tmosphere  gas vent (see 7-1.5). 
(o) Visual and audible alarm devices. 

7-2.2.3 Certain system designs shall require  addit ional  
approved  protective equipment  and the following compo- 
nents shall be considered: 

(a) Cooling-water failure protective devices; 
(b) Gas analyzing devices; 
(c) A preignit ion purge  timer; and 
(d) An excess t empera ture  limit device. 

7-2.3 Operating Procedures. 

7-2.3.1 Documented opera t ing  instructions shall be pro- 
vided by the manufacturer .  They shall be followed dur ing  
l ight-up,  opera t ion ,  normal  shutdown,  and emergency  
shutdown. 

NOTE: Of prime concern in the case of generator shut- 
down is the equipment in which the atmosphere gas is 
being used. Protection of this equipment, and the process 
material on which it depends, demands quick action by a 
competent operator. 

7-2.3.2 Documented opera t ing  procedures  shall include 
the tollowing: 

(a) Light-up Procedure. 

1. All fuel gas valves shall be closed and the air sup- 
ply shall be turned off. 

2. The  a tmosphere  gas header  shall be closed to 
points of use. 

3. The  a tmosphere  gas vent line shall be opened to 
a sati~ point of  discharge. 

4. Electrical circuits shall be energized. 

5. The  genera tor  shall be purged  with air if required 
by the nlanufacturer.  

6. Cooling equipment  shall be activated. 

7. Reliable igni t ion shall be es tabl i shed  at each 
burner .  
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8. Each burner  shall be lighted immediately as it is 
supplied with an air-fuel gas mixture. In the event of light- 
ing difficulty, all fuel valves shall be shut o f fand  the system 
shall be purged  after each lighting attempt. 

9. Each b u r n e r  shall be checked for satisfactory 
operat ion.  

10. The  a tmosphere  gas shall be vented to a safe 
location until p rope r  genera tor  t empera ture  and atmo- 
sphere gas analysis are obtained. 

(b) Shutdown Procedure. 

1. End-use equipment  shall be secured. 

2. The  amtosphere  gas vent line shall be opened to 
a safe point  of  discharge. 

3. The  a tmosphere  gas header  shall be closed to 
points of  use. 

4. The  main fuel gas shutoff valve shall be closed 
and the operat ion shall be checked. 

5. All remaining gas and air valves shall be closed 
immediately. 

6. Cooling equipment shall be turned off when safe to 
do so in accordance with the manut~tcturer's instructions. 

7. The  electrical equipment  shall be de-energized 
when it is no longer required.  

(c) Utility Failure Procedure. The  equ ipmen t  and 
associated circuits shall be ar ranged to shut down the unit 
automatically in case of flame failure or supply f~ailure of 
fuel gas, air, or electrical power. This type of shutdown 
shall be followed immediately by the shutdown procedure  
in 7-2.3.2(b). 

(d) Emergency Procedure.  The  person  or  agency 
responsible tbr selecting and operat ing a tmosphere  gener- 
ators shall be f~uniliar with the hazards that can occur in 
end-use equipment.  Methods and procedures  shall be pro- 
vided to the operators  fbr dealing with these emergencies. 
The  emergency procedures  described in Chapters  9, 10, 
11, and 12 shall be referenced. 

7-3 Endothermic Generators. 

7-3.1 General .  Endothermic  generators  are those that 
require the addit ion of heat to complete the reaction of the 
gas and air genera t ing  the a tmosphere .  This s tandard  
includes those types of a tmosphere  generators  in which the 
a tmosphere  being generated is separate at all times fiom 
the heating combustion products or other  medium. The 
separation can be eflected by use of retorts, tubes, pipes, or 
o ther  special vessels. To simplify this s tandard,  all gas used 
in the reaction with air to create the a tmosphere  is called 
"reaction gas," and all air used in this reaction is called 
"reaction air." Gas burned  with air to supply heat is called 
"fuel gas," and all air used with the fuel gas is called "fuel 
air." Tim a tmosphere  p roduced  in the genera tor  f iom 
heating the mixture of "reaction gas" and "reaction air" is 
called "special a tmosphere  gas." 

NOTE: The reaction gas and the fuel gas might or might 
not be the same type of gas. 

7-3.2 Protective Equipment. 

7-3.2.1 Pro tec t ive  e q u i p m e u t  shall  be se lec ted  and  
applied separately for the reaction gas and the fuel gas. 

NOTE: In the case of a common gas supply for both the 
reaction and fuel gases, the same protective device may be 
permitted to serve both. 

7-3.2.2 The  protective devices shall shut down the sys- 
tem, which shall require  manual  resetting after any utility 
(fuel gas, fuel air, power) or mechanical failure. 

7-3.2.3 Observation ports shall be provided to allow easy 
viewing of burner  operat ion under  all firing conditions. 

7-3.2.4 Protective equipment  for the reaction section of 
endothermic generators shall include the following: 

(a) A safety shutoff valve(s) in the reaction gas supply 
piping ar ranged to close in case of  abnormally low reaction 
gas pressure,  abnormally high reaction gas pressure,  loss of 
reaction air supply, low generator  temperature ,  or power 
failure. A manual operat ion shall be required to open this 
valve. 

(b) A low pressure switch in the reaction gas supply pip- 
ing. This device shall close the safety shutoffvalve and shut 
off the reaction air supply in case of abnormally low reac- 
tion gas pressure at the mixer. 

(c) A high pressure switch in the reaction gas supply 
piping where the system is subject to abnormally high reac- 
tion gas pressure that might create a dangerous  situation. 
This device shall close the safety shutoff valve and shut off 
the reaction air supply in the case of abnormally high reac- 
tion gas pressures at the mixer. 

(d) A low pressure switch in the reaction air supply pip- 
ing connected to an air blower or  compressed air line. This 
device shall close the safety shutoff valve and shut off the 
reaction air supply in case of abnormally low reaction air 
pressure. 

(e) A device that shuts off reaction air in case of power 
t~ailure or abnormally low or abnormally high reaction gas 
pressure at the mixer. 

(0 An a tmosphere  gas vent (see 7-1.5). 
(g) A manual cock or valve on the downstream side of 

the safety shutoff valve, with a tap between these vah, es to 
allow periodic checking of the tightness of the closure of  
the safety shutoff valve. 

(la) A manual shutoff valve(s), designated as the main 
shutoff  valve, in the react ion gas supply line, located 
directly upstream from the safety shutoff valve. This valve 
shall be readily accessible to the opera tor  tbr emergency 
and normal shutdown. 

(i) A generator  tempera ture  control to prevent  the flow 
of reaction air and reaction gas unless the generator  is at 
the p roper  temperature .  The minimum genera tor  temper-  
ature shall be specified by the generator  manufacturer .  

(j) Automatic fire check protection. 
(k) Visual and audible alarm devices. 

7-3.2.5 Certain system designs shall require  addit ional 
approved protective equipment  to the reaction section, and 
the tbllowing components  shall be considered: 

(a) Flow meters, 
(b) Meters or pressure gauges on the reaction gas and 

reaction air supplies. 

7-3.2.6 Protective equipment  for the heating section of 
units fired with atmospheric gas burners  shall include the 
following: 
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(a) A safety shutoff valve(s) in the fuel gas supply piping 
ar ranged to close in case of abnormally low fuel gas pres- 
sure, abnormally high fuel gas pressure,  or power failure. 
A manual  operat ion shall be required to open this valve. 

(b) A low pressure switch in the fuel gas supply piping to 
close the safety shutoff valve in case of abnormally low fuel 
gas pressure. 

(c) A high pressure switch in the fuel gas supply piping 
where the system is subject to abnormally high fuel gas 
pressures that might create a dangerous  situation. This 
device shall close the safety shutoff valve in case of  abnor- 
mally high fuel gas pressure.  

(d) A manual  cock or valve on the downstream side of 
the safety shutoff valve with a tap between these valves to 
allow periodic checking of the tightness of the closure of 
the safety shutoff valve. 

(e) A manual shutoff valve(s), designated as the main 
shutoff valve, in the fuel gas supply line, located directly 
upstream from the safety shutoff" valve. This valve shall be 
readily accessible to the opera tor  for emergency and nor- 
mal shutdown. 

(f) A reliable method of ignition for each burner .  
(g) An excess tempera ture  limit device. 
(h) Visual and audible alarm devices. 

7-3.2.7 Certain system designs shall require  addit ional 
approved  protective equipment  to the endotherrnic gener-  
ators fired with atmospheric  burners,  and flame safeguard 
devices shall be considered. 

7-3.2.8 Protective equipment  for the heating section of 
units fired with blast gas-type burners  shall include the 
following: 

(a) A safety shutoff valve in the fuel gas supply piping 
ar ranged to close in case of abnormally low fuel gas pres- 
sure, abnormally high fuel gas pressure,  loss of fuel air 
supply,  or  power  failure. A manual  opera t ion  shall be 
required to open this valve. 

(b) A low pressure switch in the fuel gas supply piping. 
This device shall close the safety shutoff valve and shut off 
the fuel air supply or mixing machine in case of abnor- 
mally low fuel gas pressure. 

(c) A high pressure switch in the fuel gas supply piping 
where the system is subject to abnormally high fuel gas 
pressures that might create a dangerous  situation. This 
device shall close the safety shutoff valve and shut off the 
fuel air supply or mixing machine in case of abnormally 
high fuel gas pressure. 

(d) A pressure switch in the fuel air supply piping con- 
nected to an air blower or compressed air line. This device 
shall close the safety shutoff" valve and shut off the fuel air 
supply in case of loss of fuel air pressure.  

(e) A manual cock or valve on the downstream side of 
the safety shutoff valve, with a tap between these valves to 
allow periodic checking of the tighmess of the closure of 
the safety shutoff valve. 

(f) An automatic fire check installed in the air-gas mix- 
ture line as close as practicable to the burner(s) wherever a 
mixing machine employing an automatic constant air-gas 
ratio device is used. Actuation of the fire check shall close 
the safety shutoff valve in the fuel gas line and shut off the 
mechanical fuel gas and fuel air mixer. 

(g) A manual  shutoff valve(s), designated as the main 
shutoff valve, in the fuel gas supply line, located directly 
upstream fiom the safety shutoff valve. This valve shall be 
readily accessible to the opera tor  fi)r emergency and nor- 
mal shutdown, 

(h) A reliable method of ignition for each burner.  
(i) An excess tempera ture  limit device. 
(j) Visual and audible alarm devices. 

7-3.2.9 Certain system designs shall require addit ional  
approved protective equipment  to the beating section of 
the endothermic  generators  fired with blast gas-type burn-  
ers, and flame safeguard devices shall be considered. 

7-3.2.10 Protective equipment  for the heating section of 
units heated electrically shall include the following: 

(a) A disconnect device, capable of  de-energizing the 
entire heating system under  full load. This device shall 
de-energize the heating system in case of complete or par- 
tial loss of power, excess generator  temperature ,  or failure 
of normal operat ing controls. The  in ter rupt ing capacity of 
the disconnect device shall be adequate  to clear the maxi- 
mum fault current  capability of the immediate power sup- 
ply system (i.e., fault current  shall be de termined fiom the 
voltage a n d  impedance of the thrnace power supply cir- 
cuit, not from the total of the operat ing load currents). 
Other  disconnect means in this power supply circuit shall 
be permit ted to be used as the heating equipment  discon- 
nect, provided furnace operat ion can be terminated with- 
out affecting operat ion of other  essential equipment.  

(b) An excess tempera ture  limit device. This device shall 
open the main heating system disconnect device in case of 
abnormally high generator  temperature .  

(c) Visual and audible alarm devices. 

7-3.3 Operating Procedures. 

7-3.3.1 Documented operat ing instructions shall be pro- 
vided by the manufacturer .  They shall be followed dur ing  
start-up, operat ion,  and normal and emergency shutdown. 

NOTE: Of prime concern in the case of atmosphere gen- 
e r a t o r  tailure is the equipment in which the atmosphere gas 

'is being used. Protection of this equipment, and the process 
material on which it depends, demands quick action by a 
competent operator. The operatioq of endotherlnic gener- 
ators necessitates careful coordination of the heating section 
with the reaction gas section. 

7-3.3.2 Documented operat ing procedures  shall include 
the following: 

(a) Light-up Procedure for Heating Sections of 
Endothermic Generators Fired by Atmospheric or Blast 
Gas Burners. 

1. All fuel valves and reaction gas valves shall be 
closed and the reaction air supply shall be turned off.. 

2. The  a tmosphere  gas header  shall be closed to 
points of use. 

3. The  a tmosphere  gas vent line shall be opened to 
a safe point of discharge. 

4. Electrical circuits shall be energized. 

5. Reliable igni t ion shall be es tabl ished at each 
burner .  
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6. Each burner  shall be lighted immediately as it is 
supplied with a fuel-air mixture. In the event of lighting 
difficulty, all fuel valves shall be shut off and the system 
shall be purged with air after each lighting attempt. 

7. Each bu rne r  shall be checked for satisfactory 
operation.  

(b) Start-up P r o c e d u r e  for Heat ing  Sec t ions  of  
Endothermic Generators Heated Electrically. 

1. Electric power to heating section shall be turned off" 

2. All reaction gas valves shall be closed and the 
reaction air supply shall-be turned off 

3. The  a tmosphere  gas header  shall be closed to 
points of use. 

4. The  a tmosphere  gas vent line shall be opened to 
a safe point of discharge. 

5. Electrical circuits shall be energized. 

6. Satisfactory operat ion shall be verified. 

(c) Operating Instructions for Reaction Gas Start-up 
for Endothermic Generators. When the retort  operat ing 
tempera ture  is reached, the a tmosphere  gas vent line shall 
be open to a safe point of discharge and the a tmosphere  
gas header  shall be closed to points of use. The unit then is 
ready to produce  a tmosphere  gas. The operat ing instruc- 
tions based upon the manufacturer 's  design shall be fbl- 
lowed from this point on. This is important ,  because each 
manulac turer  has developed procedures  applicable to the 
specific design, and general instructions cannot be pro- 
vided in this s tandard.  

(d) Shutdown Procedure. 

1. • End-use equipment  shall be secured. 

2. The  a tmosphere  gas vent shall be opened to a safe 
point  of discharge. 

3. The  a tmosphere  gas header  shall be closed to 
points of  use. 

4. The  main react ion gas shutoff  valve shall be 
closed and the operat ion of reaction gas and reaction air 
safety devices shall be checked. 

5. All remaining reaction gas and reaction air valves 
shall be closed immediately. 

6. The  main fuel shutoff valve shall be closed and 
the operat ion of  the safety devices shall be checked. 

7. All r e m a i n i n g  fuel air ,  fuel, and  a t o m i z i n g  
naedium vah, es shall be closed inmmdiately. 

8. The  electrical equipment  shall be de-energized 
when it is no longer required.  

(e) Utility Failure Procedure. The  equ ipmen t  and 
associated circuits shall be ar ranged to shut down the unit 
autolnatically in case of supply failure of  fuel, air, or power. 
This type of shutdown shall be followed immediately by the 
shutdow,1 procedures  of 7-3.3.2(d). 

(t) Emergency Procedure.  The  person  or  agency 
responsible for selecting and operat ing a tmosphere  gener- 
ators shall be familiar with the hazards that can occur in 
end-use equipment.  Methods and procedures  shall be pro- 
vided to the opera tors  for dealing with these emergencies.  
The emergency procedures  described in Chapters 9, 10, 
11, and 12 shall be refereqced. 

7-4 Ammonia Dissociators. 

7-4.1 General .  An ammonia dissociator is a heated vessel 
in which ammonia  decomposes into its componen t  ele- 
ments (25 percent  nitrogen and 75 percent  hydrogen) by 
the action of heat in the presence of a catalyst. 

7-4.2 Construction. 

7-4.2.1 Ammonia dissociators shall be designed and con- 
structed to withstand the maximum pressures possible upon 
failure of reaction gas regulators at operating temperatures, 
taking into consideration all pressure relief venting. 

7-4.2.2 'All equipment,  components,  valves, fittings, and 
other  reiated items shall be suitable tbr ammonia  service. 
Use of brass or other  copper  alloy components  in contact 
with ammonia  or dissociated ammonia shall be prohibited.  

7-4.3 Protective Equipment. 

7-4.3.1 Protective equipment  for the dissociation vessel 
shall include: 

(a) A relief valve in the high pressure ammonia  supply 
line, ahead of the pressure-reducing regulator  vented to a 
safe location. Relief shall be set at 100 percent  of the design 
pressure of the ammonia  supply manifold. (See 7-5.1.3.) 

(b) A relief  valve in the low pressure  ammonia  line, 
between the high-pressure reducing regulator  and the dis- 
sociation vessel vented to a safe location. Relief shall be set 
at 100 percent  of the design pressure of the dissociation 
vessel. (See 7-5.1.3.) 

(c) A manua l  shu to f f  vah, e be tween  the p r e s su re -  
reducing regulator  and the dissociator. This valve shall be 
readily accessible to the opera tor  for emergency and nor- 
real shutdown. 

(d) An atmosphere gas vent. (See 7-1.5.) 
(e) A generator  tempera ture  control to prevent  flow of 

ammonia unless the dissociation vessel is at p roper  temper-  
ature. The mininmm dissociation vessel tempera ture  shall 
be specified by tim ammonia dissociator manufacturer.  

(f) A safety shutoff valve in the ammonia  supply line to 
the generator  shall be located downstream of the manual 
shutoff vah, e and arranged to close automatically when 
abnormal  condit ions of pressure  and t e m p e r a t u r e  are 
encountered.  

(g) A visual and audible alarm device. 

7-4.3.2 Certain system designs shall require addit ional  
approved protective equipment,  and the following compo- 
nents shall be considered: 

(a) Flow indicators, 
(b) Meters, 
(c) Pressure gauges on reaction gas. 

7-4.3.3 Protective equipment  for the dissociatov heating 
system shall contorm to the requirements for endothernaic 
generators as specified in Section 7-3. 

7-5 Bulk Storage and Generated Supply Systems for 
Special Atmospheres. 

7-5.1 General. 

NOTE: The inert purge gas supply should be either a 
stored supply or a generated supply, provided an adequate 
volume of inert purge gas as defined by this standard is 
enStll-ed. 
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7-5.1.1 All storage tanks and cylinders shall comply with 
local, state, and federal codes relating to the types of fluids 
stored, their pressures, and their temperatures. The appli- 
cable NFPA standards shall be followed. 

7-5.1.2 Piping and piping components shall be in accor- 
dance with ANSI B31.3, Chemical Plant and Petroleum Refin- 
e U Piping. 

7-5.1.3 The ASME tank relief devices provided shall be 
sized, constructed, and tested in accordance with ASME 
Boiler and Pressure Vessel Code, Section VIII,  Division 1. 

7-5.1.4 Locations for tanks and cylinders containing flam- 
mable or toxic fluids shall be selected with adequate consid- 
eration given to exposure to buildings, processes, personnel, 
and other storage facilities. Tables of distances specified in the 
applicable NFPA standards shall be followed. 

7-5.1.5 Storage tanks and their associated piping and 
controls shall comply with the following standards: 

(a) Liquefied petroleum gas systems shall be in accor- 
dance with NFPA 58, StaTMard for the Storage and Handling 
of Liquefied Petroleum Cases. 

(b) Fuel gas systems shall be in accordance with NFPA 
54, National Fuel Gas Code. 

(c) Hydrogen storage systems shall be in accordance 
with NFPA 50A, Standard for Caseous Hydrogen Systems at 
Consumer Sites, or NFPA 50B, Standard for Liquefied H~,dro- 
gen Systems at Consumer Sites. 

(d) Flammable or combustible liquid systems shall be in 
accordance with NFPA 30, Flammable and Combustible Liq- 
uids Code. Piping for flamnmble, combustible, or toxic liq- 
uids shall be in accordance with ANSI B31.3, Chemical Plant 
and Petroleum Refinery Piping. 

NO'I'E: For additional information see the following Com- 
pressed Gas Association guidelines: 

1. CGA G-2, Anhydrous Ammonia 
2. CGA G-2.1, Safety Requirements for the Storage and Han- 
dling of A,hydro,s Ammonia (ANSI K61.1) 
3. CGA (;-5, Hydrogen 
4. CGA G-6, Carbon Dioxide 
5. CGA G-6.1, Standard for Low Pressure Carbon Dioxide Sys- 
tems at Consumer Sites 
6. CGA I'-1, Sqfe Handling of Compressed Cases in Containers. 

7-5.1.6 A supply of inert purge gas of known and accept- 
able analysis shall be available where required by this stan- 
dard. The processing of inert gas shall not deplete the ade- 
quacy of tbe inert purge gas supply. The inert purge gas 
shall contain less than 1 percent oxygen. If the inert purge 
gas contains flammable constituent gases, their combined 
concentration in the purge gas mixture shall be less than 
25 percent of the lower flammable limit. Mixed inert purge 
gases sball be analyzed on a continuous basis to ensure that 
the oxygen and combustible gas concentrations remain 
within the limits specified in this paragraph. 

Exception: Cottlittttoas analysis shall not be required if the inert 
pulge gas is stored. 

7-5.1.7 Bulk storage systems shall be rated and installed 
to provide adequate and reliable flow of special atmo- 
spheres to the user equipment  if an interruption of tbe 
flow can create an explosion hazard. 

7-5.1.8 In the case of inert gases that might be used as 
satety purge media, the volume stored always shall be suf- 
ficient to purge all connected special atmosphere furnaces 
with at least five furnace volume changes wherever the 
flammable atmospheres are being used. 

7-5.2 Vaporizers Used for Safety Purging. 

NOTE: Paragraphs 9-4.1, 10-4.1, ll-4. l ,and ll-4.2spec- 
ify safety purge systems with special processing atmosphere 
furnaces utilizing flammable or indeterminate atmospheres. 
The provisions of 7-5.2.1 through 7-5.2.5 are not required 
for furnaces using nonflanmmble atmospheres only. 

7-5.2.1 Vaporizers utilized to convert cryogenic liquids to 
the gas state shall be ambient air heat transfer units so that 
flow from such vaporizers is unafl~cted by the loss of power. 

Exception: Use of powered vaporizers shall be permitted, provided: 

(a) The vaporizer has reserve heating capacity sufficient to 
continue vaporizing at least five furnace volumes at the required 
purge flow rate immediately following power interruption; or 

(b) Reserve ambient vaporizers are provided that are piped to 
the source of supply so that they are unaffected by a freeze-up or 
flow stoppage of gas fiom the powered vaporizer. The reserve 
vaporizers shall be capable of evaporating at least five furnace 
volumes at the required purge flow rate; or 

(c) Purge gas is available from an alternate source that is 
capable of supplyingfive volume changes after interruption of the 
flow of the atmosphere gas to the furnace. 

7-5.2.2 Vaporizers shall be rated by the industrial gas 
supplier or the owner to vaporize at 150 percent of the 
highest purge gas demand for all connected equipment.  
Winter temperature extremes ['or the locale shall be taken 
into consideration by the agency responsible for rating the 
vaporizers. 

7-5.2.3 It shall be the user's responsibility to in[brm the 
industrial gas supplier of additions to the plant that mate- 
rially increase the inert  gas consumpt ion  rate so that 
vaporizer and storage capacity can be resized for the 
revised requirements. 

7-5.2.4 A temperature indicator shall be installed in the 
vaporizer outlet piping for use in evaluating its evapora- 
tion performance at any time. 

7-5.2.5 A device shall be installed that prevents the flow 
rate of gas fl'om exceeding the vaporizer capacity and thereby 
threatening the integrity of downstream equipment or con- 
trol devices due to exposure to cryogenic fluids. 

NOTE: A hreak in the downstream pipeline or failure 
(opening) of the supply p,'essure regulator could cause 
excessive flow. 

7-5.3 Storage Systems. 

7-5.3.1 If the fluid is a purge medium, an audible and 
visual alarm shall be provided that signals a low quantity of 
the fluid. The alarm shall be situated in the area normally 
occupied by furnace operators. 

7-5.3.2 If the fluid is the purge medium contained in the 
tank at the time of low quantity, the alarm shall be sufficient 
to allow an orderly shutdown of the affected furnace(s). The 
contents of a tank containing a purge fluid shall be sufficient 
at the alarm set point to purge all connected atmosphere fur- 
naces with at least five volume changes. 
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7-5.3.3 Where pressurized inert gas in the vapor space 
above liquids in storage tanks is employed to pump flam- 
mable liquids, means shall be provided tot isolating the 
tank remotely by closing valves on the pressurization sup- 
ply line and the eittuent pipe. Pressurized inert gas in the 
vapor space above flammable liquids in storage tanks shall 
be permitted to be used to propel the liquids in lieu of 
mechanical pumps. 

7-5.3.4 The pipe connecting the flammable liquid storage 
tank to the inert gas supply shall contain a backflow check 
to prevent backflow of the liquid into the inert gas. 

7-8.3.5 Liquid withdrawal connections on pressurized 
aboveground flammable liquid tanks shall contain steel 
excess flow shutoff valves that close automatically in the 
event of a pipe break or other mishap that could cause an 
tmchecked outflow of liquid. 

7-6 Special Processing Gas Atmosphere Gas Mixing 
Systems. 

7-6.1 General. 

7-6.1.1 (-;as atmosphere mixing systems are used to create 
special processing atmospheres made up of two or more 
gases. The majority are built to create binary nitrogen- 
hydrogen blends, but they also can create mixtures of 
other gases. The blended gas of gas atmosphere mixing 
systems usually has a constant Ilammable or indeterminate 
composition and is supplied on a pressure or demand basis 
to the special processing atmosphere flow controls situated 
at one or more furnaces. 

7-6.1.2 Gas atmosphere mixing systems typically incorpo- 
rate a surge tank mixing scheme that cycles between set 
pressure limits. This feature distinguishes them from flow 
control systems outlined in Section 7-7. 

7-6.2 Gas Atmosphere Mixing System Requirements. 

7-6.2.1 Pipes feediug gas atmosphere mixing systems 
shall contain nlanual isolation valves. 

NOTE: Consideration should be given to tile inclusion of 
fihers m" strainers to improve reliable thnctio,fing of pres- 
sure regulators, [low meters, flow t l l o l l i t o l ' s ,  C()l~tl'O[ valves, 
and other components. 

7-6.2.2 Pressure-relief devices shall be used to prevent 
overpressurization of system components. Surge tank gas 
atmosphere mixing systems shall be sized, constructed, and 
tested in accordance with ASME Boiler and Pressure Vessel 
Code, Section V I I I, Division I. The effluents t~om the relief 
devices used to protect a gas atmosphere mixing system 
containing flammable gases shall be piped to a safie disposal 
location. 

7-6.2.3 Piping and components shall be in accordance with 
ANSI B31.3, Chemical Plant and Petmh, um Rqflne U Piping. 

7-6.2.4 The use of liqnicts shall not be permitted in gas 
atmosphere mixing systems. 

7-6.2.5 Reliable means shall be provided fbr metering 
and controlling the flow rates of all gases. 

7-6.2.6 Flow control of the blended atmosphere gas shall 
be in compliance with each furnace's applicable special 
atmosphere flow requirenmnts and protective equipnaent 
as specified in Chapters 9 through 12. 

7-6.2.7 Atmosphere gas mixers that create nonflammable 
or indeterminate gas mixttn'es shall be provided with gas 
analyzers or other equipment  for continuously monitoring 
and displaying the flammable gas composition. Automatic 
controls shall be provided to shut off the flammable gas 
flow when the flammable component  concentration rises 
above the operating limit. 

7-6.2.8 If the creation of a gas mixture with a flammable 
gas content that is higher than intended results in the risk 
of explosions where none previously existed, then controls 
shall be provided to shut off" the flammable gas flow auto- 
matically when the flammable gas concentra t ion  rises 
above the operating limit. 

7-6.2.9 Whe,t the flammable gas concent ra t ion  in a 
mixed gas exceeds the established high limit, an alarm 
shall be actuated to alert the operator. Such an alarm shall 
annunciate in an area occupied by persons operating the 
furnaces served. 

7-6.2.10 Restart of flammable gas flow after a high con- 
centration lintit interruption shall require manual inter- 
vention by the operator at the site of the gas mixer. 

7-6.2.11 Satiety shutoff valves used to admit combustible 
gases to the gas mixer shall be vah,es that norntally are dosed 
and are capable of closing against maximum supply presstn'e. 

7-6.2.12 Atmosphere gas mixers installed outdoors shall 
be furnished by the manu|acturer  for outdoor service or 
placed in a shelter that provides suitable weather protec- 
tioq. If a gas mixer is sited in a shelter, the temperature 
within shall be maintained in accordance with the manu- 
facturer's recommendations. 

7-6.2.13 Gas nfixers shall be built and installed in accof  
dance with NFPA 70, National Electrical Code, Articles 500 
and 50 I, which cover installation of electrical equipment  in 
hazardous (classified) locations. 

NOTE: Gas mixers should be built and installed in com- 
pliance with N FPA 497A, Recommended Practice for Classifica- 
timt ~!f Class I Hazmdous (Classified) Locations for Electrical 
Installations in Chemical Process Areas. 

7-7 Flow Control of Special Atmospheres: 

7-7.1 Processes and equipment for controlling flows of spe- 
cial atmospheres shall be designed, installed, and operated to 
maintain a positive pressure within connected furnaces. 

NOTE: The object of this requirement is to prevent infil- 
tration of air that could be detrimental to tile work being 
processed or could result in tile creation of flammable gas- 
air mixtures within the ['ut'nace. "File flow rates can be var- 
ied dr!ring tile course of';i heat trea'tment cycle. 

7-7.'2 The flow rates used shall restore positive internal 
pressure rapidly without excessive infiltration of air dur ing 
atmosphere contractions when furnace chamber  doors 
close or work loads are quenched. 

7-7.3 Where the atmosphere is flammable, its flow rate 
shall be sulficient to provide stable and reliable buru-off 
flames at vent ports. 

NOTE: After closure of an outer vestibule door of a batch- 
type or pusher [ ' t n ' nace ,  a delay usually occurs heft)re burn- 
oil" l'CStlllles a!  tilt: vent opening. The duration of the delay 
depends on the special atlnosphere flow rate, its combusti- 
bles content, tile vestibule wJlume, and oilier factors. 
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7-7.4 The party responsible fi)r commissioning the fur- 
nace or atmosphere process shall prescribe atmosphere 
flow rates that reliably cause burn ing  to resume at the 
burn-off  port before thrther cycling of the furnace can take 
place (e.g., door, elevator movements). 

7-7.5 Reliable means shall be provided for metering and 
controlling the flow rates of all fluids comprising the spe- 
cial atmosphere for a furnace. 

7-7.5.1 Devices with visible indication of flow shall be 
used to meter the flows of carrier gases, carrier gas compo- 
nent  fluids, inert purge gases, enrichment  gases, or air. 

7-7.5.2 The flow control equipment  shall be permitted to 
be installed at the furnace, the generator, or in a separate 
flow control unit. In either case, it shall be accessible and 
located in an illuminated area so that an operator can 
readily monitor its operation. 

7-7.6 Synthetic atmosphere flow control units shall have 
the additional capabilities specified in 7-7.6.1 through 
7-7.6.8. 

7-7.6.1 An atmosphere flow control unit equipped with 
an inert purge mode shall have a manually operated switch 
located prominently on the [',ace of the unit that actuates 
the purge. 

7-7.6.2 An automatic means shall be provided for pre- 
venting the introduction of flammable fluids into a furnace 
before the furnace t empe ra tu r e  has risen to 1400°F 
(760°C) or when the furnace is being started up fiom a 
cold or idle air-filled condition and shall fiunish protection 
fi'om other conditions (such as a prolonged power faihue) 
that can cause it to fill with air. 

7-7.6.3 A means shall be provided for interrupt ing the 
flow of methanol (methyl alcohol) or other flammable liq- 
uid atmospheres into a furnace when the temperature  
inside is insufficient to provide vaporization and adequate 
dissociation of the fluid. 

NOTE 1: Inadequate dissociation resuhs in lessened 
atmosphere expansion, which causes a reduction in furnace 
pressure alld, thereby, creates an air infiltration hazard. 

NOTE 2: Insufficient temperature also can create a condi- 
tion where unvolatized atmosphere fluid is car,'ied into the 
quench tank, changing the physical characteristics of the 
quench oil, such as increasing the vapor pressure and h)w- 
ering the flash point. 

7-7.6.4 Where the flammable gas flow is interrupted as 
specified in 7-7.6.3, the flow control unit  automatically 
shall admit a flow of inert gas that restores positive pres- 
sure without delay and shall signal this flow by means of an 
audible and visual alarm. The party responsible for com- 
missioning the fnrnace or atmosphere process shall pre- 
scribe the temperature  at which flammable gas flow is 
interrupted. 

Exception: Manual i,ert gas pmge shall be permitted to be 
provided [br.[hr,aces where operators are prese,t aud able to 
effect timely shutdown procedures subject to the attthorits' having 
ju risdictimi. 

7-7.6.5 Automatically operated flow control valves shall 
hah flows of combustible fluids and allow continued or 
auglnented flows of inert gas in event of a power f'ailure. 
Resumption of combustible fluid flow shall reqt, ire manual 
intervention (reset) by an operator after power is restored. 

7-7.6.6 Means shall be provided to test tbr leak-flee oper- 
ation of safety shutoff valves tbr flammable or toxic fluids. 

7-7.6.7 Safety relief valves to prevent overpressurizing of 
glass tube flow meters and all other s},stem components 
shall be in accordance with ANSI B31.3, Chemical Plant and 
Petroleum Refine~ 3, Piping. The eftluents from relief valves 
used to protect control unit components containing flam- 
mable or toxic fluids shall be piped to a sali: disposal loca- 
tion, such as the fluid supply area. 

7-7.6.8 Ahernate valves, separate from the atmosphere 
flow control unit, shall be provided tbr manually shutting 
off the flow of flammable fluids into a furnace. These valves 
shall be readi ly accessible to opera tors  and  located 
remotely from the ti, rnace and control unit. 

7-7.7 Pipes feeding atmosphere flow control units shall 
contain isolation vah, es. 

NOTE: Filters or strainers should be provided to ensure 
reliable functioning of pressure regulators, flow meters, 
flow.lnollilOl'S, con[l'O| valves, and othcr COIl/ponelllS. 

7-8 Piping Systems for Special Atmospheres. 

7-8.1 Piping shall be sized to allow the full flow of special 
a tmospheres  to all connec ted  furnaces  at m a x i m u m  
demand rates. 

7-8.2 Design, materials of constructio,1, thbrication, and 
tests on all pipes and piping components shall conform to 
the applicable sections of ANSI B31.3, Chemical Plant and 
Petroleum Refine U Piping. 

7-8.3 Piping that contains cryogenic liquids, or that is 
installed downstream of a cryogenic gas vaporizer and is used 
to convey sati:ty purge gases, shall be constructed of metals 
that retain adequate strength at cryogenic temperatures. 

CAUTION:  Commercial grade carbon steel pipe 
exhibits a marked reduction in impact strength when 
cooled to sub-zero temperatures. Consequently, it is 
vulnerable to lint)act fracture if located downstream of 
a vaporizer r unn i ng  beyond its rated vaporization 
capacity or at very low ambient temperatures. 

7-8.4 If carbon steel vessels or pressurized receix:ers are 
utilized to contain special processing atmospheres, or if 
other equipment  that is adversely affected by extremely 
cold liquids or gases is Omnected to piping supplied from 
cryogenic vaporizers, means shall be provided tbr automat: 
ically halting the flow of excessiveb, cold liquid or gas into 
such vessels, receivers, or piping. 

7-8.4.1 A Imv-temperature shutoff device used as pre- 
scribed in 7-8.4 shall not be installed so that closure of the 
device can interrupt  the main flow of inert satiety purge gas 
to connected furnaces containing indeterminate  special 
processing atmospheres. 

7-8.4.2 If closure of a low-temperature shutoff device cre- 
ates any other hazard, an alarm shall be provided to alert 
furnace operators or other att?ected persons of this condition. 
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7-8.4.3 In consultation with the industrial gas supplier, 
the user shall select the low-temperature shutoff device, its 
placement, and a shutoff set point temperature  that is 
appropriate for tile purpose intended. 

7-8.5 Flammable liquid piping shall be routed to avoid 
locations where it can be subjected to extreme temperature 
changes (e.g., directly above furnaces), accidental contact 
with power lines, or mechanical injury flom shop machin- 
ery (e.g., lift trucks, cranes, conveyors). Pipes shall be sup- 
ported and isolated fi'om vibration sources that could dam- 
age them, and allowance for expansion and contraction 
due to temperature changes shall be made. 

7-8.6 Pipes conveying flammable liquids shall contain 
pressure-relief valves that protect them ti-om damage due 
to expansion of such liquids when heated. Discharge ti'om 
the relief valves shall be piped to a safe disposal location, 
such as the fluid supply area. 

7-8.7 Liquid withdrawal connect ions  on pressurized 
aboveground flammable liquid tanks shall contain steel 
excess flow shutoff valves that close automatically in tile 
event of a pipe break or other mishap that could cause an 
tmchecked outflow of liquid. 

7-8.8 Means shall be provided for antomatically releasing 
accumnlations of inert pressurizing gas from elevated sec- 
tions of piping that otherwise could inhibit or disrupt the 
flow of the liquid. Gas vented from such gas relief devices 
shall be disposed of in a manner  that cannot cause fire, 
explosion, or personnel hazards. 

7-8.9 Use of alt, minunl  or lead components  02 other 
incompatible materials in tanks, piping, valves, fittings, fil- 
ters, strainers, or controls that might be contacted by meth- 
anol liquid or vapor shall not be permitted. Solders that 
contain lead shall not be used. 

7-8.10 Solders that contain lead shall not be used to join 
pipes containing flammable liquids. 

7-8.11 Use of brass or other copper alloy components in 
tanks, piping, filters, strainers, or controls that might be 
contacted by ammonia shall not be permitted. 

7-9 Maintenance. 

7-9.1 Responsibility. An essential safety aid is an estab- 
lished m a i n t e n a n c e  program that determines  that tile 
equipment  is in working order. The equipm.ent manufac- 
turer shall advise the user of the need tor adequate opera- 
tional checks and maintenance. 

7-9.1.1 The responsibility tot establishing a maintenance 
program that determines that the equipment  is in working 
order shall rest with the user. 

7-9.i.2 Maintenance on gas atmosphere generators, flow 
control units, and associated equipment  shall be under- 
taken only under  tile jurisdiction of a supervisor tamiliar 
with the safety and proper functioning of the eqtfipment. 

7-9.2 Checklists.  The user's operational and mainte- 
nance program shall include any procedures that are 
applicable to the atmosphere generator or flow control 
unit  and that are recommended by the authority having 
jurisdiction and the equipment  supplier. An operational 
and maintenance checklist is essential to the safe operation 
of the equipment.  (See Appendix B.) 

Chapter  8 Special  A t m o s p h e r e s  and Furnaces  as 
Classif ied in Chapters  9 through  12 

8-1 General. 

Carrier Gas. Any gas or liquid component  of the spe- 
cial atmosphere that represents a sufficient portion of the 
special atmosphere gas volume in the furnace so that, if the 
flow of this component  gas or liquid ceases, the total flow 
of the special atmosphere in the furnace is not sufficient to 
maintain a positive pressure in that furnace. 

Flammable Gas. Gases that are known to be flammable 
and predictably ignitible where mixed with air. 

Indeterminate Gas. Atmospheres that contain compo- 
nents that, in their .pure state, are flammable but that, in 
the mixtures used (diluted with nonflammable gases), are 
not reliably and predictably flammable. 

Inert (Purge Gas). Nonflammable gases that contain 
less than 1 percent oxygen. 

Nonflammable Gas. Gases that are known to. be non- 
flammable at any temperature. 

8-2 Indeterminate Atmospheres. Indeterminate  atmo- 
spheres shall be treated as flammable atmospheres with the 
tbllowing consideration: Where one special atmosphere is 
replaced with an atmosphere (e.g., flammable with non- 
flammable) that can cause the atmospl?ere to become inde- 
terminate at some stage, burn-in or burn-out  procedures 
shall not be used. 

In the case of any indeterminate atmosphere, inert gas 
purge procedures alone shall be used tbr introduction and 
removal of special processing atmospheres. 

NOTE: Appendix C elaborates on key points of concern 
relating Io indeterminate special atmospheres. 

8-3 Automatic Cycling. Automatic cycling of a furnace 
(e.g., quenching, load transfer [i'om a heated zone to a cold 
vestibule) shall not be permitted where the special atmo- 
sphere has become indeternfinate dur ing the replacenaent 
of a flammable atmosphere witfi a nonflammable or an 
inert atmosphere (or vice versa) until the special atmo- 
sphere in all furnace chambers has been verified as either 
flammable, nonflammable, or inert. 

NOTE: Where a nonflammable gas is used alofie as a spe- 
cial processing atmosphere, no burn-in, burll-OUt, or purge 
procedures are required. (Purge procedures are described 
in Chapters 9 th!'ough 13.) 

8-4 Furnace Type. The type of furnace shall be deter- 
mined by tile normal operating temperature within the 
heating chamber, certain features of the furnace, and the 
type of atmosphere in use. In Chapters 9 through 13, the 
specifications tbr fiu'naces using flammable atmospheres 
are as tbllows: 

(a) Chapter 9. Furnaces in which at least one zone 
operates at or above 1400°F (760°C). The chamber(s) oper- 
ating below 1400°F (760°C) is separated by doors fiom 
those at or above 1400°F (760°C). 

7)'pc I. The high temperature zone is ahvays operated 
at or above 1400°F (760°C). 

7)'pc 1I. The high temperature zone could indicate a 
temperature of less than 1400°F (760°C) after the imroduc- 
tion of a cold load. 

1995 Edition 



8 6 C - 3 6  INDUSTRIAL FURNACES USING A SPECIAl. I'ROCESSING ATMOSPHERE 

Table 8-4 Furnace Cross-Reference 

Item 
No. Furnace Description I II 

1 Batch IQ (one or more cold chambers, IQ) X 
2 Bell (with or without retort) 
3 Belt (both ends open) 
4 Belt, cast link (with IQ, entry end open) 
5 Belt, mesh (with IQ, entry end open) 
6 Box, (exterior door) 
7 Car 
8 Gann'y (exterior cover) 
9 Humpback (both ends open, cold chambers on each end) 

10 Pit (with exterior cover) 
1 Pusher tray (cokt chantbers at each end, inner doors and 

exterior doors, with and without IQ) 
Roller hearth (both ends open) 
Roller hearth (inner doors separating cold chambers at 

each end from hot zones, external doors) 
Rotary hearth (without or without exterior doors) 
Rotary retort, batch (no IQ, entry end open) 
Rotary retort, contint, ous (with IQ, entry end open) 
Rotary retort, continuous (with IQ, entry end having a 

door) 
Shaker hearth (with IQ, entry end open) 
Shufl]e hearth (with IQ, entry end open) 
Tip-up 
"Fube (both ends open) 
Walking beam (open at each end) 

X 

12 
13 X 

14 
15 
16 
17 

18 
19 
20 
21 
22 

Note: IQ = lntegraIQuendl. 

(b) C h a p t e r  10. Fu rnaces  in which  at least  o n e  zone  
o p e r a t e s  at  or  above  1400°F (760°C) a n d  t h a t  have  no  
i n n e r  d o o r s  t ha t  s epa ra t e  zones  o p e r a t i n g  above  a n d  below 
1400°F (760°C). 

Type HI. Both  inle t  a n d  ou t l e t  e n d s  of  the  fu rnace  are  
o p e n ,  a n d  t h e r e  a re  no  e x t e r n a l  d o o r s  or  covers.  

Type IV. Only  o n e  etad of  the  f u r nace  is o p e n ,  a n d  t h e r e  
are  no  e x t e r n a l  d o o r s  or  covers.  

T+,pe V. O u t e r  d o o r s  or  covers  a re  p rov ided .  

(c) C h a p t e r  11. F u r n a c e s  in which  no  zones  a re  consis- 
tent ly  o p e r a t e d  at  or  above  1400°F (760°C). 

Type VI. At least one  h e a t i n g  zone  can  be h e a t e d  above  
1400°F (7600C) b e l b r e  i n t r o d u c t i o n  a n d  r emova l  o f  the  
special a t m o s p h e r e  gas. 

Type VII. No fu rnace  zone  can  be  h e a t e d  to 1400°F 
(760°C); t h e r e f o r e ,  the  special  a t m o s p h e r e  gas shall  be  
in t l ' oduced  a n d  r e m o v e d  us ing  the  i ne r t  gas p u r g e  p roce-  
dures .  

NOTE 1: Virtually all types of furnaces [hll into the classi- 
fication of Type Vl or Type VII ft, rnaces in Chapter 11. 
Table 8-4 provides some common examples. 

NOTE 2: Sketches of five types of fllrnaces appear  in 
Chapters 9 and 10. 

(d) C h a p t e r  12. F u r n a c e s  in which  a h e a t i n g  cover  a n d  
i n n e r  cover  (if appl icab le)  a re  s e p a r a t e d  f rom a base t ha t  
s u p p o r t s  the  work  b e i n g  processed .  

T~,pe VIII. A h e a t i n g  cover  fu rnace  with an  in ,mr  sealed 
cover.  

Type IX. A h e a t i n g  c o v e r  f u r n a c e  w i t h o u t  an  i n n e r  
cover  or  with a n o n s e a l e d  i n n e r  cover .  

Ref. Furnace T cpe 

III  IV V VI VII 

X X 

X X X 
X X X 
X X X 

X X X 

X X X 
X X X 

X X X 
X X 

X X X 
X X 

X X X X X 
X X X 
X X X 

X X X 

X X X 
X X X 

X X X 
X X X 

Ref. Chap 

VIII IX 9 10 11 12 

X X 
X X X 

X X 
X X 
X X 
X X 

X X 
X X 
X X 
X X 

X 

X X 
X 

X X 
X X 
X X 
X X 

X X 
X X 

X X 
X X 
x x 

Ch ap ter  9 T y p e  I an d  T y p e  II F u r n a c e s  

9-1 G e n e r a l .  T h e  c h a m b e r  o p e r a t i n g  b e l o w  1400°F  
(760°C) is s e p a r a t e d  by a door(s)  f rom c h a m b e r s  o p e r a t i n g  
at  o1" above  1400°F (760°C). 

9-1.1 Scope .  T h i s  c h a p t e r  shal l  app ly  to con t ro l s  a n d  
p r o c e d u r e s  r e l a t i ng  to the  i n t r o d u c t i o n  a n d  ren tova l  of  
f l a m m a b l e  special  p roces s ing  a t m o s p h e r e s  for ind i rec t ly  
h e a t e d  a t m o s p h e r e - t y p e  furnaces .  Two  gene ra l  types of  
fu rnaces  a re  covered :  

7:~,pe 1. T h e  h igh  t e m p e r a t u r e  zone  is always o p e r a t e d  
at  o1" above  1400°F (760°C). 

T~,pe II. T h e  h igh  t e m p e r a t u r e  zone  could  ind ica te  a 
t e m p e r a t u r e  less t h a n  1400°F (760°C) af ter  the  i n t r o d u c -  
t ion  of  a cold load. 

For  app l i ca t ion  of  p r o g r a m m a b l e  con t ro l le r s ,  also see 
Sect ion 5-3. 

9-1.2 Special Atmosphere Flow Requirements.  

9-1.2.1 A t m o s p h e r e  p roces se s  a n d  t he  e q u i p m e n t  for  
c o n t r o l l i n g  t h e  flows o f  spec ia l  a t m o s p h e r e s  sha l l  be  
ins ta l led a n d  o p e r a t e d  to min imize  the  inf i l t ra t ion  of  air  
into  a fu rnace ,  which  could  resu l t  in the  c rea t ion  of  f lam- 
mab le  gas-air  m i x t u r e s  wi th in  the  furnace .  

9-1.2.2 T h e  special  a t m o s p h e r e  flow ra te  shall  be  suffi- 
c ien t  to e n a b l e  re l iable  b u r n i n g  of  the  a t m o s p h e r e  as it 
exits the  furnace .  A t m o s p h e r e  b u r n - o f f  of ten is i n t e r r u p t e d  
at  exit  po r t s  as a resu l t  of  the  o p e n i n g  a n d  c los ing o f  fur- 
nace  doors .  T h e  p e r s o n  or  agency  c o m m i s s i o n i n g  the  fur- 
nace  or  a t m o s p h e r e  process  shall p resc r ibe  a flow rate .  

9-1.2.3 T h e  flow ra te  of  an  i ne r t  gas b e i n g  used  as a 
p u r g e  shall  be  con t ro l l ed .  It shall  be  i n t r o d u c e d  to the  

- f  , 
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furnaces through one or more inlets as necessary to ensure 
that all chambers are purged.  

9-2 Atmosphere  Introduction and Removal.  

9-2.1 Flammable liquids shall be introduced only in zones 
operat ing above 1400°F (760°C). 

9-2.2 Introduct ion  of  Special  Atmosphere  Gas into a 
Type I Furnace by Purge or Burn-in Procedure.  

9-2.2.1 Purge with an Inert Gas. The [bllowing proce- 
dure  shall be per tbrmed betbre or dur ing  heating or after 
the furnace is at operat ing telnperature.  

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of inert purge gas 
of  acceptable analysis shall be made. The  inert gas require- 
ments |br  the normal process shall not deplete the ade- 
quacy of the emergency purge gas supply. 

(c) All inner  and outer  furnace doors, as shown in Fig- 
ure 9-2.2.1, shall be closed. 

/'7 .~0 [ ~  At least one zone at or L /~  ~e  ̂ \ \ 
/ / .,~'.o- ]~ above 1,O0°F (760°C) ~ ~;k~¢./_ \ \ 

, y  . 

Z "\ '° door Inner Inner'-X door 
door door 

Type I 

Figure 9-2.2.1 Example of Type I special processing atmosphere furnace. 

(d) All valves such as flammable atmosphere gas valves 
and flame curtain valves shall be closed. 

(e) The furnace shall be heated to operating temperature. 
(t) The  inert  gas purge  system shall be actuated to 

purge the furnace at a rate to maintain a positive pressure 
in all chambers.  

(g) Sampling o|" the furnace a tmosphere  sha[1 begin. 
The  inert gas purge shall continue until two consecutive 
analyses of  all chambers indicate that the oxygen content is 
below 1 percent.  When this condition is reached, the fur- 
nace shall be considered to be purged.  Chapter  13 specifies 
timed flow alternative methods tbr determining that the 
purge  is complete  under  normal  opera t ing  conditions.  
However, t imed flow purging methods shall not be used in 
tim case of emergency purges. 

(h) At least one heat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(i) Pilots at outer  doors and effluent lines (special atmo- 
sphere vents) shall be ignited. 

(j) After it has been deter lnined that the special atnlo- 
sphere gas supply is adequate,  the a tmosphere gas shall be 
introduced.  After the special at lnosphere gas is flowing, the 
inert gas purge shall be turned off imlnediately. 

(k) When flame appears  at the vestibule effluent lines, 
the a tmosphere  in t roduct ion shall be considered to be 
colnplete. 

(1) The  flame curtain (if provided) shall be turned  on 
and ignition shall be verified. 

(m) The  furnace manufacturer ' s  instructions shall be 
retierenced tbr further mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted fbr pro- 
cess and satiety instructions. 

9-2.2.2 Burn.in Procedures for Type I Furnace Special 
Atmosphere.  Responsibility for use of burn-in and burn- 
out procedures  shall be that of the person o1" agency autho- 
rizing the purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) The furnace shall not be automatically cycled dur ing 
the burn-in procedure.  

(b) Verification of an adequate  supply of special atmo- 
sphere gas shall be made. 

(c) At least one heat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(d) Pilots at outer  doors and etItuent lines (special atmo- 
sphere vents) shall be ignited. 

(e) The  outer  doors shall be opened.  
(f) The  inner doors shall be opened.  
(g) The  carrier  gas(es) components  of the special atmo- 

sphere gas shall be introduced into the furnace heating 
chamber  and ignition shall be verified by observation. 

(h) h m e r  doors shall be closed. A reliable source of igni- 
tion shall be required in the vestibule to ignite flammable 
gas flowing from the heating chamber  into the vestibule. 
When gas leaving the heating chamber  is ignited, the heat- 
ing chamber  shall be considered to have been burned-in.  

(i) The flame curtain (if provided) shall be turned on 
and ignition shall be verified. 

(j) The outer  doors shall be closed. 
(k) When flame appears  at the vestibule effluent lines, 

the vestibule shall be considered to have been burned  in. 
(1) The  fiu'nace manufhcturer 's  instructions shall be ref- 

erenced for thr ther  mechanical operations,  and the sup- 
plier of the special a tmosphere shall be consulted tbr pro- 
cess and safi:ty instructions. 

9-2.3 Removal of Special Atmosphere Gas from Type I 
Furnace by Purge or Burn-out Procedure.  

9-2.3.1 Purge with an Inert Gas. The tollowing proce- 
dure  shall be per tbrmed in sequence: 

(a) The furnace shall not be automatically cycled dur ing  
the purging procedures.  

(b) Verification of an adequate supply of purge gas shall 
be made. 

(c) All inner and outer  doors as shown in Figure 9-2.2.1 
shall be closed. 

(d) The  inert  gas purge  system shall be actuated to 
purge the thrnace at a rate to maintain a positive pressure 
in all chambers. 

(e) All valves such as special a tmosphere gas valves, pro- 
cess gas valves, and flalne curtain valves shall be closed 
immediately. 

(t) Sampling of the furnace atmusphere shall begin. The  
inert gas purge shall continue tmtil two consecutive analy- 
ses of all chambers indicate that the a tmusphere is below 
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50 percent  of its lower explosive limit. When this condition 
is reached, the [m'nace shall be considered to be purged.  
Chapter  13 specifies t imed flow alternative methods fbr 
de te rmin ing  that the purge  is complete  under  normal  
operat ing conditions. However, t imed flow purging meth- 
ods shall not be used in the case of emergency purges. 

(g) All door  and effluent vent pilots shall be turned off. 
(h) The  inert gas supply to the flu-nace shall be turned 

off'. 
(i) The  fln'nace manufacturer 's  instructions shall be ref- 

erenced tot further  mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be const, lted [br pro- 
cess and safety instructions. 

CAUTION: The tiirnace a tmosphere  is inert  and 
CANNOT sustain life. Persons shall not enter  the fur- 
nace until it has been ventilated and tested to ensure 
safe entry conditions exist. (See A-I 7-2.) 

9-2.3.2 Burn-out Procedures for Type I Furnace Special 
Atmosphere. Responsibility tbr the use of burn-in and 
burn-out  procedures  shall be that of the person or agency 
authorizing the purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
seqnence: 

(a) The  furnace shall not be automatically cycled dm'ing 
the burn-out  procedure.  

(b) At least one heat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(c) All outer  doors shall be opened and the flame cur- 
tain (if provided) shall be shut ot f  

(d) All inner doors shall be opened to allow air to enter  
the heating chamber  and burn out  the gas. 

(e) All special a tmosphere  gas and process gas sut)ply 
valves shall be closed. 

(t) After the turnace is burned out, the inner doors shall 
be closed. 

(g) The  furnace manutacturer 's  instructions shall be ref- 
erenced tbr f iuther  mechanical operations,  and the sup- 
plier of  the special a tmosphere  shall be consulted tbr pro- 
cess and safety instructions. 

9-2.4 Introduction of Special Atmosphere Gas into Type 
II Furnace by Purge or Burn-in Procedure. 

9-2.4.1 Purge with an Inert Gas. Tile tbllowing proce- 
dure  shall be per tbrnled belbre or dur ing  heating or after 
the thrnace is at operat ing temperature :  

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of inert purge gas 
of  acceptable analysis shall he made. The  inert gas require- 
ments tbr the normal process shall not deplete  the ade- 
quacy of tile emergency purge gas supply. 

(c) All inner and outer  doors as shown in Figure 9-2.4.1 
shall he closed. 

(d) All valves such as flammahle a tmosphere  gas vah, es 
and flame curtain valves shall he closed. 

(ei The fur,lace shall he heated to operating temperature. 
(t) T h e  inert  gas purge  system shall he actuated to 

purge the thrnace at a rate to maintain a positive pressure 
i,1 all chambers.  

~ x  Inner doo.__~r 

°;2:' 

Icn2gr r rack- 

•Outer--,, doors-- 

Cooling ~hamber : Icn2$rr 
II,I,IHI,I,II,I 

Entrance/ or above rA 
exit 1400OF Iz/] 
vestibule ~ A  

Type II 
Figure 9o2.4.1 Example of Type II special processing atmosphere 
furnace. 

(g) Sampling of the flu'nace a tmosphere  shall begin. 
"l'he inert  gas purge shall continue until two consecutive 
analyses of all chambers indicate that the oxygen content is 
below 1 percent.  When this condition is reached, the fur- 
nace shall be considered to be purged.  Chapimr 13 specifies 
timed flow alternative methods tbr de termining  that the 
purge  is complete  under  normal  opera t ing  conditions.  
However, timed flow purging methods shall not be used in 
the case of emergency purges. " 

(h) The  heating chamber  shall be above 1400°F (760°C). 
(i) Pilots at outer  doors and elt luent lines (special atmo- 

sphere vents) shall be ignited. 
(j) After it has been de termined that the special atmo- 

sphere gas supply is adequate,  the atnaosphere gas shall be 
introduced.  After the special a tmosphere  gas is flowing, the 
inert gas purge shall be turned off immediately. 

(k) When flame appears at vestibule ettluent lines, the 
atmosphere introduction shall be considered to be complete. 

(1) The  flame curtain (if provided) shall he turned on 
and ignition shall be verified. 

(m) The  furnace manufacturer ' s  instructions shall be 
retierenced tbr further mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted tot pro- 
cess and safety instructions. 

9-2.4.2 Burn-in Procedures for Type II Furnace Special 
Atmosphere. Responsibility tbr use of burn-in and bnrn- 
out procedures  shall he that of the person or agency autho- 
rizing the purchase of tile equipment.  [See 9-2.4.2&) before 
proceedi~g. ] 

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) The  furnace shall not be automatically cycled dur ing 
the burn-in procedure.  

(b) Verification of an adequate  supply of flammable spe- 
cial ammsphere  gas shall be made. 

(c) The  hea t ing  c ha mbe r  shall be o p e r a t i n g  above 
1400°F (760°C). 

(d) Pilots at outer  doors and effluent lines (special atmo- 
sphere vents) shall he ignited. 

(e) The outer  doors shall be opened.  
(t) All inner doors shall be opened.  The heating cham- 

ber and cooling chamber  (if provided),  and the cooling 
chamber  and heat zone |b.ns (if provided),  shall be shut off 

(g) The  special a tmosphere  gas shall be introduced into 
the heat ing chamber  and ignition shall be verified by 
ohservation. 
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(h) lni ier  and outer  doors to the heating chamber  only 
(if provided) shall be closed. A reliahle source of ignition 
shall be reqfiired in the vestibule to ignite the flammable 
gas flowing from the heating chamber  into the vestibule. 
When gas leaving the heating chamber is ignited, the heat- 
ing chamber  shall be considered to have been burned  in. 

(i) The  flame curtain (if provided) shall be tur,md on 
and the outer  door  closed. 

(j) When flame appears  a t - the vestibule effluent lines, 
the vestibule shall be considered to have been burned in. 

(k) If there is an a tmosphere  cooling chamber  attached 
to the quench vestibule (see Figu.re 9-2.4.1), the tbllowing 
steps shall be i , lcluded, provided the gases in t roduced 
directly into the cooling chamber  are predictably flamma- 
hie when mixed with air at ambient  temperature .  If they 
are predictably flammable (e.g., nitrogen with methanol or 
inert gas with methanol),  a burn-in procedure  shall not be 
required.  

1. A reliable source of ignition for the special atnlo- 
sphere gas inlet in the cooling section shall be provided 
and the gas a tmosphere  shall be introduced into the cool- 
ing section. It shall be verified by observation dlat  ignition 
takes place and continues. 

2. The  tlame curtain (if provided) shall be turned on 
and ignition shall be verified. 

3. The  outer  doors shall be closed. 

4. When flame appea r s  at the vestibule effluent 
lines, the vestibt, le and cooling chamber  shall be 'consid-  
ered to have been burned  in. 

5. The  cooling chamber  door  shall be closed. 

(1) The  furnace manulacturer 's  instructions shall be ref- 
erenced lot tur ther  mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted for pro- 
cess and satiety instructions. 

9-2.5 Removal of Special Atmosphere Gas from Type II 
Furnace by Purge Or Burn-out Procedure. 

9-2.5.1 Purge with an Inert Gas. The tbllowing proce- 
dure  shall be perfi)rmed in sequence: 

(a) The furnace shall not be atm)matically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of purge gas shall 
be made. 

(c) All doors shall be ch)sed. 
(d) The  inert  gas purge  system shall be actuated to 

purge the turnace at a rate to maintain a positive pressure 
in all chambers. 

(e) All valves such as special a tmosphere gas valves and 
flame curtain valves shall be closed immediately. 

(!) Sampl ing  of  the fiwnace atmosplae're shall hegin. The  
iner.t gas purge ~hall continue until two consecutive analy- 
ses of all chambers indicate that (he ~ml~osphere.is below 50 
percent of its lower explosive limit. When this condition is 
reached, the furnace shall be considered to be purged.  
Chapter  13 specifies timed flow alternative methods fbr 
de te rmin ing  that the purge  .is complete  under  normal  
operat ing conditions. However, timed t low.purging meth- 
ods shall n o t  be used in the case of emergency purges. 

(g) All door  and effluent-vent pilots shall be tur,md off. 
(h) 7Fhe inert gas supply to the fur,mce shall be turned off. 

(i) The cooling chamber fan (if provided) shall be shut off: 
(j) The  cooling chamber  door  (if provided)  shall be 

opened. .  
(k) The flu'nace manufacturer 's  instructions shall be ref- 

erenced tbr further mechanical operations,  and the sup- 
plier of the special a tmosphere shall be consuhed tbr pro- 
cess and safety instructions. 

CAUTION: The furnace a tmosphere  is inert  and 
CANNOT sustain life. Persons shall not enter  the flu'- 
nace until it has been ventilated and tested to ensui'e 
safe entry conditions exist. (See A-17-2.) 

9-2.5.2 Burn-out Procedures for Type II Furnace Special 
Atmosphere. Responsibility tot use of burn-in and burn- 
out procedures  shall be that of the person or agency autho- 
rizing the purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) The furnace shall not be automatically cycled dur ing 
the burn-out  procedure.  

(b) The  hea t ing  c ha mbe r  shall be ope ra t i ng  above 
1400°F (760°C). 

(c) The cooling chamber Ira1 (if provided) shall be shut off. 
(d) The  inner door  to the cooling chamber (it" provided) 

shall be opened.  
(e) The outer  door  to the vestibule only shall be opened.  
(t) The  atmosphere gas to the cooling chamber only (if 

provided) shall be shut off 
(g) The  flame curtain (if provided) shall be shut off. 
(h) The  inner door  to the heating chamber  shall be 

opened.  
(i) The special a tmosphere  gas supply m the heating 

chamber  shall be shut oil: 
(j) When all burning  inside of the heating chamber,  

cooling chamber (if provided),  and furnace vestibule has 
ceased, the special a tmosphere  .gas shall be consiclereci to 
have been burned out. 

(k) The  furnace manufacturer 's  instructions shall be ref- 
erenced tor further mechanical operations,  and the sup- 
plier of the special a tmosphere shall be consulted for pro- 
cess anti sa|'ety instructions. 

9-3 Emergency Procedures for Type I and Type II 
Furnaces. 

9-3.1 Emergency Procedures in Case of Interruption of 
Special Atmosphere Gas Supply (Carrier Gas Compo- 
nent). In case of interrupt ion of any carrier  gas compo- 
nent, one of the fbllowing shutdow,1 procedures  shall be 
used: 

(a) If inert purge gas is available, the purge-procedure  
outlined in 9-2.3.1 or 9-2.5.1 shall be initiated immediately. 

(b) In case an inert purge gas supply is not available, the 
s tandard burn-out  procedure  outlined in 9-2.3.2 or 9-2.5.2 
shall be initiated immediately. 

9-3.2 Procedures in the Case of Interruption of a Heating 
System(s) that Creates an Emergency. The shutdown 
p rocedure  out l ined in 9-2.3 or 9-2.5 .shall be initiated 
immediately. 
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9-4 Protective Equipment for Type I and Type II 
Furnaces. 

9-4.1 The  following safety equ ipment  and procedures  
shall be required in conjunction with the special atmo- 
sphere gas system. 

(a) A safety shutoff ;calve(s) on all flammable fluid sup- 
plies to the furnace. This valve(s) shall be energized to 
open only when the furnace tempera ture  is above 1400°F 
(760°C). Opera tor  action shall be required to initiate flow. 

(b) A low flow switch(es) on all carr ier  gas supplies to 
ensure that the a tmosphere  gas supply is flowing at the 
proper  rates. Low flow shall be indicated by audible and 
visual alarms. 

(c) A sufficient number  of furnace tempera ture  monitor- 
ing devices to determine  tempera ture  in all heating cham- 
bers. These shall be interlocked to prevent  opening of  the 
flammable gas supply safety shutoff valve(s) until at least 
one heating zone is at or  above 1400°F (760°C). 

Exception: In the case of a Type II farnace, a bypass of the 
1400°F (760°C) temperature contact after the initial gas intro- 
duction shall be permitted, provided that a flow monitor, such as a 
flow switch, is provided to ensure atmosphere flow. Where an alco- 
hol or other liquid is used as a carrier gas and introduced in the 
liquid state, a second low-temperature safety interlock [indepen- 
dent of the 1400°F (760°C) interlock] shall be provided if flow of 
the liquid is continued below 1400°F (760°C). The person or 
agency responsible for commissioning the atmosphere process shall 
specif~, an interlock temperature set point and atmosphere flow rote 
that provides adequate positive farnace pressure at all tempera- 
tures above the set point. This interlock shall not be bypassed, and 
its set point temperature shall not be less than 800°F (427°C). 

(d) The  inert gas purge  shall be automatically actuated 
by the tollowing: 

1. A tempera ture  less than 800°F (427°C) where liq- 
uid carrier  gas is used; 

2. Power fiailure; 

3. Loss of flow of any carrier  gas. 

Exception No. 1: A ,  inert gas purge shall ~tot be required where 
barn-in and barn-oat procedures are permitted by the person or 
agency, authorizing the purchase of the equipment. 

Exceptimt No. 2: Manual inert gas purge shall be permitted to 
be provided for far.aces where operator~ can effect timely shut- 
dow~ procedures. 

(e) Pilots at outer  doors; one pilot at each outer  door  
shall be supervised with an approved  combustion saf~- 
guard interlocked to prevent  autonlatic opening  of the ves- 
tibule door,  shut off fllel gas to the curtain burners  (if pro- 
vided), and alert  the operator .  Pilots shall be of the type 
that renaaita lit when subjected to an inert or indeterminate  
atmosphere.  

(t) Pilots located at elIluents. 
(g) Manual shutoff valves and capability for checking 

leak tightness of the safety shutoff valves, 
(h) Sa|?ety relief valves where overpressurizing of  glass 

tube flow nleters is possible. 
(i) Provisions tbr explosion relief in the vestibule. 
(j) Audible and visual alarms. 
(k) A sat;ety shutoff valve tbr the tlame curtain burner  

gas supply. 

(1) Valves |or manually shutting off the flow of  flamma- 
ble liquids into a fitrnace that are separate fiom the atmo- 
sphere  flow control  unit. These valves shall be readily 
accessible to operators  and remotely located ti-om the fur- 
nace and control unit. 

(m) Manual door -open ing  facilities to allow opera tor  
control in the event of power failure or carr ier  gas flow 
fhilure. 

(n) The  purge system, where provided,  shall include: 

1. Visual and audible alarms to alert  the opera tor  of 
low purge flow rate; 

2. Gas analyzing equipment  fbr ensuring that the 
furnace is purged;  

3. Monitoring devices to allow the opera tor  to deter- 
mine the adequacy of the inert purge flow visually at all 
times; 

4. An operator 's  actuation station equipped with the 
necessary hand valves, regulators,  relief valves, and flow 
and pressure monitoring devices. 

NOTE: Separate filrnace inlets should be provided fi)r 
introduction of inert gas if the special atmosphere is of a 
type that can deposit soot in the atnaosphere supply pipe. 

9-4.2 The  fbllowing protective equipment  fbr furnaces 
utilizing timed flow purges shall be provided:  

(a) A ptu-ge timer(s); 
(b) A purge gas flow meter(s); 
(c) A purge flow monitoring device(s); and 
(d) A [,m rotation sensor(s). 

Chapter 10 Furnace Types  III, IV, and V 

10-1 General. 

10-1.1 Scope. This chapter  shall apply to controls and 
procedures  relating to the introduction and removal of  
flammable special processing atmospheres.  Three  general  
types of  furnaces are covered: 

Type IlL Both inlet and outlet ends of the furnace are 
open, and there are no external  doors or covers. 

Type IV. One end only is open. 

Type V. Outer  doors or covers are provided.  

For application of  programmable  controllers, also see 
Section 5-3. 

10-1.2 Special Atmosphere Flow Requirements. 

10-1.2.1 Atmosphere  processes and the equipment  tbr 
con t ro l l ing  the flows of  special a tmosphe re s  shall be 
installed and opera ted  to minimize the infiltration of air 
into a thrnace, which could result in the creation of  flam- 
mable gas-air mixtures within the furnace. 

10-1.2.2 The  special a tmosphere  flow rate shall be suffi- 
cient to enable reliable burning of the a tmosphere  as it 
exits the furnace. Atmosphere burn-off  often is in ter rupted  
at exit ports as a result of  the opening and closing of thr- 
nace doors. The  person or agency commissioning the fur- 
nace or a tmosphere  process shall prescribe a flow rate. 
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10-1.2.3 Tbe  flow rate of an inert gas being used as a 
purge shall be controlled. It shall be introduced to the fur- 
naces through one or more inlets as necessary to ensure 
that all chambers are purged.  

10-2 Atmosphere  Introduction and Removal.  

10-2.1 Flammable  liquids shall be in t roduced  only in 
zones opera t ing  above 1400°F (760°C). 

10.2.2 Introduction of  Special Atmosphere Gas into Type 
III Furnace by Purge or Burn-in Procedure.  

10-2.2.1 Purge with an Inert Gas. The fbllowing proce- 
dure  shall be per tb rmed  in sequence before or  dur ing  
beat ing or after tim furnace is tit operat ing temperature:  

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of  inert purge gas 
shall be made. Tbe  inert gas requirements  for the normal 
process shall not deplete the adequacy of the emergency 
purge  gas supply. 

(c) All valves such as flammalJle a tmosphere  gas vah'es 
and flame curtain valves shall be closed. 

(d) The furnace shall be heated to operating temperature. 
(e) The  inert  gas purge  system shall be actuated to 

purge the ftnnace at a rate to maintain a positive pressure 
in all chambers. 

(t) Sampling of  the furnace a tmosphere  shall begin. The  
inert gas purge shall continue until two consecutive analy- 
ses of  all chambers  indicate that the oxygen content  is 
below 1 percent.  When this condition is reached, the fur- 
nace shall be considered to be purged.  Chapter  13 specifies 
timed flow alternative methods fbr deternt ining that the 
purge  is complete  under  normal  opera t ing  conditions.  
However, t imed flow purging methods shall not be used in 
the case of emergency purges. 

(g) At least one zone of  the furnace shall be above 
1400°F (760°C). (See Figure 10-2.2.1.) 

(h) Pilots tit charge and discharge ends of the furnace 
shall be ignited. 

(i) After it has been de termined that the special atmo- 
sphere gas supply is adequate,  the a tmosphere  gas shall be 
introduced.  After the special a tmosphere  gas is flowing, tim 
inert gas purge shall be turned off immediately. 

(j) When flante appears  at both the charge and dis- 
charge ends of the furnace, the a tmosphere  introduction 
shall be considered to be complete. 

(k) The  flame ctntain (if" provided) shall be turned on 
and ignition shall be verified. 

(1) The  fhrnace ,nanulhcttn'er 's instructions shall be ref- 
erenced fin" further mechanical .operations, and the sup- 
plier of the special a tmosphere  shall be consulted [br pro- 
cess and saf;ety instructions. 

10-2.2.2 Burn-in Procediares for Type III Furnace Spe- 
cial Atmosphere.  Responsibility for use of burn-in and 
burn-out  procednres  shall be that of the person or agency 
authorizing the pnrchase of the equipntent.  

"File fo l lowing  p r o c e d u r e  shal l  be p e r f o r n t e d  in 
sequence: 

(a) Tim fin'nace shall not be automatically cycled dur ing  
the burn-in procedure.  

Open or above 1400°F (760°C) Open 

" " , ,  

At least one [N"N] I 
zone at or above Less than 

Open 1400°F (760°C) 1400°F (760°C) Open 

o_ t 7 0 

Type II 

Figure 10-2.2.1 Examples of Type III special processing atmosphere 
furnace. 

(b) Verification of  an adequate supply of  flammable spe- 
cial a tmosphere gas shall be made. 

(c) At least one heat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(d) Pilots at the charge and discharge ends of the fur- 
nace shall be ignited, and pilots shall be of the type that 
remain lit when subjected to an inert atmosphere.  

Exception: Pilots shall not be required for Type HI humpback 
.furnaces utilizing dissociated ammonia for a,  atmosphere. 

(e) The carrier  gas(es) components  of the special atmo- 
sphere gas shall be introduced into the fiu'nace heating 
chamber  and ignition shall be verified by observation. 

(D The flame curtain (if provided) shall be turned on 
and ignition shall he verified. 

(g) When flame appears  at both the charge and dis- 
charge ends of the furnace, the fnrnace shall be considered 
to have been burned  in. 

(h) The furnace manufacturer 's  instructions shall be r e f  
erenced [br further mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted fi)r pro,  
tess and satiety instructions. 

10-2.3 Removal of  Special Atmosphere Gas from Type 
III Furnace by Purge and Burn-out Procedure.  

10-2.3.1 Purge with an Inert Gas. The following proce- 
dure  shall be perfi)rmed in sequence: 

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of inert purge gas 
shall be made. 

(c) The  inert  purge  gas system sball be actuated to 
purge the fur,ulce at a rate to maintain a positive pressure 
in till chambers. 

(d) All valves such as special a tmosphere  gas valves, pro- 
cess gas valves, and flame curtain valves shall be closed 
immediately. 

(e) Sampling of the furnace a tmosphere  shall begin. -Flae 
inert gas purge shall continue until two consecutive analy- 
ses of till chambers indicate that the a tmosphere  is below 
50 percent  of its lower explosive limit. When this condition 
is reached, the ft, rnace shall be considered to be purged.  
Chapter  13 specifies timed flow alternative methods fbr 
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determining that tile purge  is complete  under  normal  
operating conditions. However, t imed flow purging metll- 
ods shall not be used ill the case of emergency purges. 

(f) All pilots at the charge and discharge ends of the fur- 
nace shall be turned off. 

(g) The  inert gas supply to the furnace shall be turned 
off. 

(h) The furnace manufacturer 's  instructions shall be ref- 
erenced for further mechanical operations,  and the sup- 
plier of the special a tmosphere  ?,hall be consulted for pro- 
cess and safety instructions. 

CAUTION:  Tile furnace a tmosphere  is inert  and 
CANNOT sustain life. Persons shall not enter  the fur- 
nace until it has been ventilated and tested to ensure 
safe entry conditions exist. (See A-I 7-2.) 

10-2.3.2 Burn-out Procedures for Type III Furnace Spe- 
cial Atmosphere. Responsibility for use of burn-in and 
burn-out procedures  shall be that of the person or  agency 
authorizing tile purchase of tile eqtlipment. 

T h e  fo l lowing  p r o c e d n r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) Tile fin'nace shall not be automatically cycled dnr ing  
the burn-out  procedure .  

(b) At least one beat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(c) Tile flame curtain (if provided) shall be shnt oil: 
(d) All special a tmosphere  gas and process gas supplies 

to furnace valves shall be shut otE 
(e) When all burning  inside of tile heating chamber,  

cooling chamber  (if provided),  and flu'nace vestibnle has 
ceased, the special a tmosphere  gas shall be considered to 
have been bnrned  out. 

(t) Tile furnace manuthcturer 's  instrnctions shall be ref- 
erenced tbr further  mechanical operations,  and tile sup- 
plier of tile special a tmosphere  shall be consulted for pro- 
cess and safety i,lstructions. 

10-2.4 Introduction ofSpec ia l  Atmosphere Gas into Type 
IV Furnace by Purge or Burn-in Procedure. 

10-2.4.1 Purge with an Inert Gas. The following proce- 
dure: shall be'  t )er tbrmed in sequence before or dur ing  
heating or after tile thrnace is at operat ing temperature .  

(a) Tile thrnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate  supply of inert purge gas 
shall be made. The inert gas requirements tor tile normal 
process shall not deplete the adequacy of the emergency 
purge gas supply. 

(c) All valves such as flammable a tmosphere  gas valves 
and flame curtain valves shall be closed. 

(d) The furnace shall be heated to operating temperatnre.  
(e) The  inert  gas purge  system shall be actuated to 

purge  tile furnace at a rate to maintain a positive pressure 
ill all chambers.  

(t) Sampling of the furnace a tmosphere  shall begin. The  
inert gas purge shall continue until two consecutive analy- 
ses of all chambers  indicate that the oxygen content is 
below 1 percent.  When this condition is reached, the fur- 
nace shall be considered to be purged.  Chapter  13 specities 
timed flow alternative methods tbr de termining that tile 

purge  is complete  under  normal  opera t ing  conditions.  
However, t imed flow purging methods shall not be used in 
the case of emergency purges. 

(g) At least one beat ing chamber  shall be opera t ing  
above 1400°F (760°C). (See Figure 10-2.4.1.) 

(h) Pilots at tile open e n d s o f  tile furnace and effluent 
lines or ports (special atmosplmre vents) shall be ignited. 

(i) After it has been de termined that tile special atmo- 
sphere gas supply is adequate,  the a tmosphere gas shall be 
introduced.  After the special a tmosphere  gas is flowing, tile 
inert gas purge shall be turned off immediately. 

(j) When flame appears  at tile open end of turuace, the 
a tmosphere  introduction shall be considered to be com- 
plete. 

(k) The  flame curtain (if provided) shall be turned on 
and ignition shall be verified. 

(1) The  furnace manufacturer 's  instructions shall be ref- 
erenced [br furttmr mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted tbr pro- 
cess and sal?ety instructions. 

•NQ• I At least one zone at 
or above 1400°F (760°C) Open ] 

- ' - - Q u e n c h  

Type IV 

Figure 10-2.4.1 Example of Type IV special processing atmosphere 
furnace. 

10-2.4.2 Burn-in Procedures for Type IV Furnace Spe- 
cial Atmosphere. Responsibility ibr use of burn-in and 
burn-out  procedures  shall be that of tile person or agency 
authorizing tile purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e s  shall  be per t ' ( ) rmed in 
sequence: 

(a) The  furnace shall not be automatically cycled dur ing  
the bu,n- in  procedure.  

(b) Verification of an adeqnate  supply of flammable spe- 
cial a lmosphere  gas shall be made. 

(c) At least one hef t ing  chamber  shall be opera t ing  
above 1400°F (760°C). 

(d) Pilots ilL tile open end of tim furnace and effluent 
lines or ports(special  a tmosphere  vents) shall be ignited. 

(e) The  carrier  gas(es) components  of the special atmo- 
sphere • gas shall be introduced into .the furnace heating 
chamber  and ignition shall be verified by observation. 

(t) The  Ilame curtain (if provided) shall be turned on 
and ignition shall be verified. 

(g) \.Vhe,1 tlame appears  at the open end of the furnace, 
the furnace shall be considered to have been bur,rod in. 

(h) The  furnace ,na,mtacturer 's  instructions shall be r e f  
erenced for further mechanical operations,  and the sup- 
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plier of  the special a tmosphere  shall be consulted for pro- 
cess and safety instructions. 

10-2.5 Removal of  Special Atmosphere  Gas from Type IV 
Furnace by Purge or Burn-out Procedure.  

10-2.5.1 Purge with an Inert Gas. The following proce- 
d u l e  shall be per to rmed  in sequence: 

(a) Th'e furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate supply of inert  purge gas 
shall be made. 

(c) The  inert  gas purge  system shall be actuated to 
purge  the furnace at a rate to maintain a positive pressure 
in all chambers.  

(d) All valves such as special a tmosphere  gas valves, pro- 
cess gas valves, and flame curtain valves shall be closed 
immediately.  

(e) Sampling of the furnace a tmosphere  shall begin. The 
inert gas purge  shall continue until two consecutive analy- 
ses of  all chambers indicate that the a tmosphere  is 'below 
50 percent  of its lower explosive limit. When this condition 
is reached, tim furnace shall be considered to be purged.  
Chapter  13 specifies timed flow alternative methods tbr 
de t e rmin ing  that the purge  is complete  under  normal  
operat ing conditions. However, tinted flow purging meth- 
ods shall ,tot be used in the case of emergency purges. 

(f) All pilots at the open end of fln'nace and effluent 
pilots (if provided) shall be turned off: 

(g) The inert gas supply to the furnace shall be turned off. 

(h) Tim furnace manufacturer 's  instructions shall be ref- 
erenced tbr further  mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted for pro- 
cess and safety instructions. 

CAUTION:  The  f lnnace a tmosphere  is inert  and 
CANNOT sustain life. Persons shall not enter  the fin- 
nace until it has been ventilated and tested to ensure 
sale entry conditions exist. (See A-17-2.) 

10-2.5.2 Burn-out Procedures for Type IV Furnace Spe- 
cial Atmosphere.  Responsibility tor use of hurn-in and 
burn-out  procedures  sha l lbe  that of the person 02 agency 
authorizing tim purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) Tim furnace shall not be automatically cycled dur ing  
the pnrging  procednre.  

(b) At least one beat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(c) Tim flame curtain (if provided) shall be shut off. 
(d) All special a tmosphere  and process gas supply valves 

shall be shut off 
(e) When all burning inside of the heating chamher,  

cooling chamber  (if provided),  and furnace vestibule has 
ceased, the special a tmosphere  gas shall be considered to 
have been burned out. 

(t) The  flu'nace manut~lcturer's instructions shall be ref- 
erenced for further mechanical operations,  and the sup- 
plier of  the special a tmosphere  shall be consnlted tbr pro- 
cess and safety instructions. 

10-2.6 Introduction of  Special Atmosphere  Gas into Type 
V Furnace by Purge or Burn-in Procedure.  

10-2.6.1 Purge with an Inert Gas. The following proce- 
dure shall be per tormed before o1" dur ing  heating or  after 
the furnace is at operat ing temperature:  

(a) The furnace shall not be automatically cycled dur ing  
the pu rg ingp roc e du re .  

(b) Verifcat ion of an adequate supply of inert purge gas 
shall be made. The  inert gas requirements  lbr the normal 
process shall not deplete  the adequacy of the emergency 
pm'ge gas supply. 

(c) All fnrnace doors, as shown in Figure 10-2.6.1, shall 
be closed. 

l 

Type V 

Figure 10-2.6.1 Example of Type V special processing atmosphere 
furnace. 

(d) All valves such as flammable atmosplaere gas valves 
and flame curtain valves shall be closed. 

(e) The furnace shall be heated to operating temperature. 
(f) The  iner t  gas purge  system shall be actuated to 

purge the fin'nace at a rate to maintain a positive pressure 
in all chambers. 

(g) Sampling of the fin'nace a tmosphere  shall begin. 
Tim inert gas purge shall continue until two consecutive 
analyses of all chambers indicate that the oxygen content is 
below 1 percent.  When tiffs condition is reached, the fur- 
nace shall be considered to be purged.  Chapter  13 specifies 
tinted flow alternative methods tol- detel 'mining that the 
purge is complete  u n d e i  normal  opera t ing  conditions.  
However, timed flow purging methods shall not be used iq 
the case of emergency purges. 

(h) At least one heating chambe!" shall be opera t ing  
above 1400°F (760°C). 

(i) Pilots at outer  doors or covers and effluent lines or 
ports  (special a tmosphe re  vents, if p rov ided)  shrill be 
ignited. 

(j) After it has been de termined that the special atmo- 
sphere gas supply is adequate, the a tmosphere  gas shall be 
introduced.  After the special a tmosphere  gas is flowing, the 
inert gas purge shall be turned off immediately. 

(k) When tlame appears at efflue,tt lines o1" ports, tim 
a tmospfere  introduction shall be considered-to be complete. 

(1) The  flame cui'tain (if provided) shall be turned on 
and ignition shall be verified. 
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(m) The furnace manufacturer 's  instructions shall be 
referenced for further mechanical operations, and the sup- 
plier of the special atmosphere shall be consulted for pro- 
cess and safety instructions. 

10-2.6.2 Burn-in Procedures for Type V Furnace Special 
Atmosphere. Responsibility for use of burn-in and burn- 
out procedures shall be that of  the person or agency autho- 
rizing the purchase of the equipment. 

T h e  fo l lowing p r o c e d u r e  shall be p e r f o r m e d  in 
sequence: 

(a) The furnace shall not be automatically cycled during 
the burn-in procedure. 

(b) Verification of an adequate supply of  special atmo- 
sphere gas shall be made. 

(c) At least one heating chamber  shall be operat ing 
above 1400°F (760°C). 

(d) Pilots at outer doors or covers and effluent lines or 
ports (special a tmosphere  vents, if provided) shall be 
ignited. 

(e) The outer doors shall be opened. 
(0 The carrier gas(es) components of the special atmo- 

sphere gas shall be introduced into the furnace heating 
chamber and ignition shall be verified by observation. 

(g) The flame curtain (if provided) shall be turned on. 
(h) The outer doors shall be closed. 
(i) When flame appears at effluent lines or ports, the 

furnace shall be considered to have been burned in. 
(j) The furnace manufacturer's instructions shall be reg 

erenced tbr further mechanical operations, and the sup- 
plier of the special atmosphere shall be consulted for pro- 
cess and satiety instructions. 

10-2.7 Removal of  Special Atmosphere Gas from Type V 
Furnace by Purge or Burn-out Procedure. 

10-2.7.1 Purge with an Inert Gas. The following proce- 
dure shall be performed in sequence: 

(a) The furnace shall not be automatically cycled during 
the purging procedure. 

(b) Verification of an adequate supply nf iner t  purge gas 
shall be made. 

(c) All doors shall be closed. 
(d) The inert gas purge system shall be actuated to 

purge the furnace at a rate to maintain a positive pressure 
in all chambers. 

(e) All valves such as special atmosphere gas valves, pro- 
cess gas valves, and flame curtain valves shall be closed 
immediately. 

(t) Sampling of the furnace atmosphere shall begin. The 
inert gas purge shall continue until two consecutive analy- 
ses of  all chambers indicate that the atmosphere is below 
50 percent of its h)wer explosive limit. When this condition 
is reached, the furnace shall be considered to be purged. 
Chapter 13 specifies timed flow alternative methods for 
determining that the purge is complete under  normal 
operating conditions. However, timed flow purging meth- 
ods shall not be used in the case of emergency purges. 

(g) All door, cover, and effluent pilots (if provided) shall 
be turned off. 

(h) The inert gas supply to the furnace shall be turned off: 

(i) The furnace manufacturer 's instructions shall be ref- 
erenced for further mechanical operations, and the sup- 
plier of  the special atmosphere shall be consulted for pro- 
cess and safety instructions. 

CAUTION: The furnace atmosphere is inert and 
CANNOT sustain life. Persons shall not enter the fur- 
nace until it has been ventilated and tested to ensure 
safe entry conditions exist. (See A-I 7-2.) 

10-2.7.2 Burn-out Procedures for Type V Furnace Special 
Atmosphere. Responsibility for use of burn-in and burn- 
out procedures shall be that of the person or agency autho- 
rizing the purchase of  the equipment. 

T h e  fo l lowing p r o c e d u r e  shall be p e r f o r m e d  in 
sequence: 

(a) The furnace shall not be automatically cycled during 
the burn-out procedure. 

(b) At least one heating chamber shall be operat ing 
above 1400°F (760°C). 

(c) All doors or covers shall be opened to alh)w air to 
enter the furnace and burn out the special atmosphere. 

(d) The flame curtain (if provided) shall be shut off. 
(e) All special atmosphere and process gas supply valves 

shall be shut off. 
(f) When all burning inside of  the heating chamber, 

cooling chamber (if provided), and furnace vestibule has 
ceased, the special atmosphere gas shall be considered to 
have been burned out. 

(g) The furnace manufacturer's instructions shall be ref- 
erenced for further mechanical operations, and the sup- 
plier of the special atmosphere shall be consulted for pro- 
cess attd safety instructions. 

10-3 Emergency Procedures for Types III, IV, and V 
Furnaces. 

10-3.1 Emergency Procedures in Case of Interruption of 
Special Atmosphere Gas Supply (Carrier Gas Compo- 
nent). In case of interruption of any carrier gas compo- 
nent, one of  the following shutdown procedures shall be 
used: 

(a) If inert purge gas is available, the purge procedure 
outlined in 10-2.3.1, 10-2.5.1, or 10-2.7.1 shall be initiated 
immediately. 

(b) In case an inert purge gas supply is not available, the 
s t anda rd  b u r n - o u t  p r o c e d u r e  ou t l ined  in 10-2.3.2, 
10-2.5.2, or 10-2.7.2 shall be initiated immediately. 

10-3.2 Procedures in the Case of Interruption of a Heating 
System(s) that Creates an Emergency. The shutdown 
procedure outlined in 10-2.3 or 10-2.5 shall be initiated 
immediately. 

10-4 Protective Equipment for Types III, IV, and V 
Furnaces. 

I0-4.1 The tbllowing safety equipment and procedures 
shall be required in conjunction with the special atmo- 
sphere gas system: 

(a) A safety shutoff valve(s) on all flammable fluid sup- 
plies to the furnace. This vah'e(s) shall be energized to 
open only when the furnace temperature is above 1400°F 
(760°C). Operator action shall be required to initiate flow. 
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(b) A low flow switch(es) on all carrier gas supplies to 
ensure that the atmosplmre gas supply is flowing at the 
proper rates. Low flow shall be indicated by visual and 
audible alarms. 

(c) A sufficient number  of furnace temperature monitor- 
ing devices to determine temperature in all heating cham- 
bers. These shall be interlocked to prevent opeuing of the 
flammable gas supply satiety shutoff valve(s) until at least 
one beating zone is at or above 1400°F (760°C). 

Exceptio,,: h, the ease of a 7)l,e V f,,',,ace, a I, ypass of the 
1400°F (760°C) temperature co)~tact a/'ter the initial gas it~tro- 
duction shall be permitted, provided that a flow monitor, sack as a 
flow switch, is provided to e,sare almosphere flow. Where an alco- 
hol or other liquid is used as a carrier gas a~d introduced in the 
liquid stale, a second low-temperature safety interlock [indepen- 
de,t  of the 1400°F (760°C) interlock] shall be provided if flow of 
the liquid is contim~ed below 1400°F (760°C). The person or 
agen U respo,sible./br commissioning the atmosphere process shall 
spec!f.~, a~ interlock temperature set point and almosphe~w flow rate 
that provides adequate positive furnace pressure at all tempera- 
tares above the set point. This interlock shall not be bypassed, a ,d  
its set point temperature shall not be less than 800°F (427°C). 

(d) A salety shutoff valve lot tim flame curtain burner  
gas supply. 

(e) Audible and visual alarms. 

(1) Manual door-opening facilities to allow operator con- 
trol m the event of power failure or carrier gas flow failure. 

(g) Tim inert gas purge shall be automatically actuated 
by the [bllowing: 

1. A temperature less than 800°F (427°C) where liq- 
uid carrier gas is used; 

2. Power t~filure; 

3. Loss of flow of any carrier gas. 

Exceplim~ No. 1: An inert gas pmge shall not be required where 
bun~-in and burn-out p~vcedures are permitted by the persoll or 
agency, attthorizmg the purchase (!f the equipme~tt. 

Exception No. 2: Mamtal inert gas pmge shall be permitted for 
furnaces where operaton can effect time& shutdown procedures. 

(11) Pilots at outer doors; one pilot at each outer door 
shall be supervised with an approved combustio,1 sat?e- 
guard interlocked to prevent automatic opening of tim ves- 
tibule door, shut off fuel gas to the curtain burners (if pro- 
vided), and alert the operator. Pilots shall be of the type 
that remain lit when subjected to an inert or indeterminate 
atmosphere. 

(i) Pilots located at effluents. 

(j) Manual shutoff valves and capability for checking 
leak tightness of the satiety shutoff valves. 

(k) Safety relief valves where overpressurizing of glass 
tube flow meters is possiblc 

(1) Valves fin manually shutting a l l  the flow of flamma- 
ble liquids into a furnace that are separate from the atmo- 
sphere flow control unit. These valves shall be readily 
accessible to operators and remotely located from the fur- 
nace and control unit. 

(m) The purge system, where provided, shall i,lclude: 

1. Audible and visual alarms to alert the operator of 
low purge flow rate; 

2. Gas analyzing equipment  for ensuring that the 
furnace is purged; 

3. Monitoring devices to allow the operator to deter- 
mine the adequacy of the inert purge flow visually at all 
times; 

4. An operator's actuation station equipped with the 
necessary hand valves, regulators, relief valves, and flow 
and pressure monitoring devices. 

NOTE: Separate furnace inlets should be provided for 
introduction of inert gas if the special atmosphere is of a 
type that can deposit soot in the atmosphere supply pipe. 

10-4.2 The tallowing protective equipment  fbr furnaces 
utilizing timed flow purges shall be provided: 

(a) A purge timer(s); 
(b) A purge gas flow meter(s); 
(c) A purge flow monitoring device(s); and 
(d) A fan rotation sensor(s). 

Chapter 11 Type  VI and Type  VII Furnaces 

11-1 General. 

11-1.1 Scope. This chapter shall apply to controls and 
procedures relating to the introduction and removal of 
flammable special atmospheres. Two general types of fur- 
llaces are covered: 

7),pc VI. At least one zone can be heated above 1400°F 
(760°C) befi)ve introduction and removal of the flammable 
special atmosphere gas. 

"l),pe VII. No zones can be heated to 1400°F (760°C); 
theretore, the flammable special atmosphere gas shall be 
introduced and removed using the inert gas purge 
p roced u res. 

NOTE: Virtually all types of furnaces can hill into the clas- 
sification of Type V I or Type V I 1. Table 8-4 provides some 
COllllllOll examples. (See./igures qf.fio'mlce 7)'pes I, II, 111, IV, 
and V in chapters 9 and 10.) 

For application of programmable controllers, also see 
Section 5-3. 

11-1.2 Special Atmosphere Flow Requirements. 

11-1.2.1 Atmosphere processes and tile equipment  for 
contro l l ing  tile flows of special a tmospheres  shall be 
installed and operated to minimize the infihration of air 
into a furnace, which could resuh in the creation of flam- 
mahle gas-air mixtures within the furnace. 

11-1.2.2 The special atmospbere flow rate sball be suffi- 
cient to enable reliable burn ing  of the atmosphere as it 
exits the furnace. Atmosphere burn-all 'often is interrupted 
a t  exit ports as a result of the opening and closing of fur- 
nace doors. The person or agency commissioning the fur- 
nace or atmosphere process shall prescribe a flow rate. 

11-1.2.3 Tim flow rate of an inert gas being used as a 
purge shall be controlled. It shall be introduced to the fin'- 
naces through one or more inlets as necessary to ensure 
that all chambers are purged. 
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11-2 Atmosphere Introduction and Removal. 

11-2.1 Introduction of Special Atmosphere Gas into Type 
VI Furnace by Purge or Burn-in Procedure. 

11-2.1.1 Purge with an Inert Gas. The following proce- 
dure  shall be per formed in sequence before or dur ing  
heating or after the furnace is at opera t ing  temperature:  

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of an adequate  supply of inert purge gas 
shall be made. The  inert  gas requirements  for the normal 
process shall not deplete  the adequacy of the emergency 
purge gas supply. 

(c) All furnace doors (if provided) shall be closed. 
(d) All valves such as flammable a tmosphere  gas valves 

and flame cm'tain valves shall be closed. 
(e) The furnace shall be heated to operating temperature.  
(f) The  iner t  gas purge  system shall be actuated to 

purge  the flmlace at a rate to maintain a positive pressure 
in all chambers.  

(g) Sampling of the furnace a tmosphere  shall begin. 
The inert  gas pm'ge shall continue until two consecutive 
analyses of  all chambers indicate that the oxygen content is 
below 1 percent.  When this condition is reached, the fur- 
nace shall be considered to be purged.  Chapter  13 specifies 
timed flow ahernative methods tot  de termining  that the 
purge  is complete  under- normal  opera t ing  conditions.  
However,  t imed flow purging methods shall not be used ira 
the case of emergency purges. 

(h) At least one zone of  the furnace shall be above 
1400°F (760°C). 

(i) Pilots at outer  doors (if provided) and effluent lines 
(special a tmosphere  vents) shall be ignited. 

(j) M'ter it has beera de te rmined  that the special atmo- 
sphere gas supply is adequate,  the a tmosphere  gas shall be 
introduced.  After" the special a tmosphere  gas is flowing, the 
inert  gas purge shall be turned off immediately.  

(k) When flame appears  at the vestibule effluent lines or 
ports, the a tmosphere  introduction shall be considered to 
be complete. 

(1) The  flame curtain (if provided) shall be turned on 
and ignition shall be verified. 

(m) The  furnace manufhcturer 's  instructions shall be 
referenced fbr further mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consuhed fbr pro- 
cess and safety instructions. 

11-2.1.2 Burn-in Procedures for Type VI Furnace Special 
Atmosphere. Responsibility for- use of burn-m and burn-  
out procedures  shall be that of  the person or agency autho- 
rizing the purchase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be p e r f o r m e d  in 
sequence: 

(a) The  furnace sball not be automatically cycled dur ing  
the burn-in procedure.  

(b) Verification of an adequate  supply of  special atlno- 
sphere gas shall be made. 

(c) It shall be verified that the inert gas storage system 
contains sufficient purge gas. 

(d) At least one beat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(e) Pilots at the outer  doors (if provided) and effluent 
lines (special a tmosphe re  vents, if p rov ided)  shall be 
ignited, 

(t) The  outer  doors (if provided) shall be opened.  
(g) The  inner doors (if provided) shall be opened.  
(h) The  carr ier  gas(es) components  of the special atmo- 

sphere gas shall be introduced into the furnace beating 
chamber  and ignition shall be verified by observation. 

(i) The inner doors (if provided) shall be closed. A reli- 
able source of ignition shall be required in the vestibule to 
ignite flammable gas flowing fiom the heating chamber 
into the vestibule. When gas leaving the heating chamber  
is ignited, the heating chamber  shall be considered to have 
been burned  in. 

(j) The  flame curtain (if provided) shall be turned on 
and ignition shall be verified. 

(k) The outer  doors (if provided) shall be closed. 
(1) When flame appears  at the vestibule effluent lines or 

ports, the vestibule shall be considered to be burned in. 
(m) The  furnace,  nmnufacturer 's  instructions shall be 

refi.~renced tot further mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted fbr pro- 
cess and safety instructions. 

11-2.2 Removal of Special Atmosphere Gas from Type VI 
Furnace by Purge or Burn-out Procedures. 

11-2.2.1 Purge with an Inert Gas. The fbllowing proce- 
dure  shall be performed in sequence: 

(a) The  furnace shall not be automatically cycled dur ing 
the purging procedure.  

(b) Verification of an adequate  supply of inert purge gas 
shall be made. 

(c) All doors (if provided) shall be closed. 
(d) The  inert  gas purge  system shall be actuated to 

purge the furnace at a rate to maintain a positive pressure 
in all chambers.  

(e) All valves snch as special a tmosphere  gas valves, pro- 
cess gas vah, es, and flame curtain valves (if provided) shall 
be closed immediately. 

(f) Sampling of the fur,lace a tmosphere  shall begin. The  
inert  gas purge shall conti ,me until two consecutive analy- 
ses of all chambers indicate that the a tmosphere  is below 
50 percent  of its lower explosive limit. When this condition 
is reached, the furnace shall be considered to be purged.  
Chapter  13 specifies timed flow alternative methods tot 
de te rmin ing  that the purge  is complete  under  normal  
operat ing conditions. However, t imed flow purging meth- 
ods shall not be used in the case of emergency purges. 

(g) All door  and effluent pilots (if provided) shall be 
turned off: 

(h) The inert gas supply to the furnace shall be turned oil. 
(i) The  furnace manufacturer 's  instructions shall be ref- 

erenced tbr further mechanical operations,  and  the sup- 
plier of the special a tnmsphere shall be consuhed tbr pro- 
cess and safety instructions. 

CAUTION:  The  furnace a tmosphere  is inert and 
CANNOT sustain life. Persons shall not enter  the fur- 
nace until it has been ventilated and tested to ensure 
safe entry conditions exist. (See A-17-2.) 
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11-2.2.2 Burn-out Procedures for Type VI Furnace Special 
Atmosphere. Responsibility fbr use of burn-in and burn- 
out procedures  shall be tbat of the person or agency autho- 
rizing the pro'chase of the equipment.  

T h e  fo l lowing  p r o c e d u r e  shal l  be 15erformed in 
sequence: 

(a) The  furnace shall not be automatically cycled dur ing  
the burn-out  procednre.  

(b) At least one heat ing chamber  shall be opera t ing  
above 1400°F (760°C). 

(c) All outer  doors (if provided) shall be opened and the 
flame curtain (if provided) shall be shut off. 

(d) All inner doors (if provided) shall be opened to allow 
air to enter  the heating chamber  and burn out the gas. 

(e) All components  of the special a tmosphere  gas system 
and other  process gas systems connected to the furnace 
shall be shut off immediately.  

(f) When all burn ing  inside of the heat ing chamber,  
cooling chamber  (if provided),  and furnace vestibule has 
ceased, the special a tmosphere  gas shall be considered to 
have been burned  out. 

(g) After the filrnace is burned  out, the inner doors (if 
provided) shall be closed. 

(h) The  furnace manufacturer 's  instructions shall be ref- 
erenced for fur ther  mechanical operations,  and the sup- 
plier of" the special a tmosphere  shall be consulted for pro- 
cess and safety instructions. 

11-2.3 Introduction of Special Atmosphere Gas into Type 
VII Furnace by Purge Procedure with an Inert Gas. The 
following procedure  shall be per formed in sequence befbre 
or dur ing  heating or after the furnace is at operat ing tem- 
perature:  

(a) The  furnace shall not be automatically cycled dur ing  
the purging procedure.  

(b) Verification of  an adequate  supply of inert purge gas 
of the following analysis shall be made: The inert purge gas 
shall contain less than 1 percent  oxygen and shall contain 
less than 4 percent  total flammables. The inert gas require- 
ments fbr the normal process shall not deplete  the ade- 
quacy of the emergency purge gas supply. 

(c) All furnace doors (if provided) shall be closed. 

(d) All vah'es such as flammable a tmosphere  gas valves 
and flame curtain valves (if provided) shall be closed. 

(e) The furnace shall be heated to operating temperature.  

(f) The  iner t  gas purge  system shall be actuated to 
purge  the furnace at a rate to maintain a positive pressure 
in all chambers.  

(g) Sampling of the furnace a tmosphere  shall begin. 
The  inert  gas purge shall continue until two consecutive 
analyses of  all chambers indicate that the oxygen content is 
below 1 percent.  When this condition is r eached ,  the fur- 
nace shall be considered to be purged.  Chapter  13 specifies 
tinted flow ahernative methods fbr de termining that the 
purge  is complete  under  normal  opera t ing  conditions.  
However, tinted flow purging methods shall not be used in 
the case of emergency purges.  

(h) Pilots at the outer  doors (if provided) and effluent 
lines or ports (special a tmosphere  vents, if provided) shall 
be ignited. 

(i) After it is de termined that the special a tmosphere  gas 
supply is adequate,  the a tmosphere  gas shall be intro- 
duced. After the special a tmosphere  gas is flowing, the 
inert gas purge shall be turned off immediately.  

(j) When flame appears  at the vestibule effluent lines or 
ports, the a tmosphere introduction shall be considered to 
be complete. 

(k) The  flame curtain (if provided) shall be turned  on 
and ignition shall be verified. 

(1) The  furnace manufacturer 's  instructions shall be ref- 
erenced for further mechanical operations,  and the sup- 
plier of the special a tmosphere shall be consulted fbr pro- 
cess and safety instructions. 

11-2.4 Removal of Special Atmosphere Gas from Type 
VII Furnace by Purge Procedure with an Inert Gas. The 
following procedure  shall be per fbrmed in sequence: 

(a) The  fmnace shall not be automatically cycled dur ing 
the purging procedure.  

(b) Verification of an adequate supply of inert purge gas 
shall be made. 

(c) All doors (if provided) shall be closed. 
(d) The  inert gas purge shall be initiated and a flow suf- 

ficient to maintain a positive pressure in the furnace by 
itself shall be ensured. 

(e) All valves such as special a tmosphere  gas valves, pro- 
cess gas valves, and flaine curtain valves (if provided) shall 
be closed immediately. 

(f) Sampling of the furnace a tmosphere  shall begin. The  
inert gas purge shall continue until two consecutive analy- 
ses of all chambers indicate that the a tmosphere  is below 
50 percent  of its lower explosive limit. When this condition 
is reached, the furnace shall be considered to be purged.  
Chapter  13 specifies tinted flow alternative methods for 
de te rmin ing  that the purge  is complete  under  normal  
operat ing conditions. However, t imed flow purging meth- 
ods shall not be used in the case of emergency purges. 

(g) All door  and effluent pilots (if provided) shall be 
turned off. 

(h) The inert gas supply to the furnace shall be turned off'. 
(i) Tbe furnace manufacturer 's  instructions shall be ref- 

erenced for f luther  mechanical operations,  and the sup- 
plier of the special a tmosphere  shall be consulted tbr pro- 
cess and safety instructions. 

CAUTION: The furnace a tmospbere  is inert  and 
CANNOT sustain life. Persons shall not enter  the fur- 
nace until it has been ventilated and tested to ensure 
safe entry conditions exist. (See A-17-2.) 

11-3 Emergency Procedures for Type VI and Type VII 
Furnaces. 

11-3.1 Emergency Procedures in Case of Interruption of 
Special Atmosphere Gas Supply (Carrier Gas Compo- 
nent), lit case of interrupt ion of any carrier  gas compo- 
nent, the purge procedure  ontlined in 11-2.2.1 or 11-2.4 
shall be initiated immediately. 

11-3.2 Procedures in the Case of Interruption of a Heat- 
ing System(s) that Creates an Emergency. The shutdown 
procedure  outlined in 11-2.2 or 11-2.4 sball be initiated 
immediately. 
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11-4 Protective Equipment for Type VI and Type VII 
Furnaces. 

11-4.1 The following safety equipment  and procedures 
shall be required for furnace Type VI in conjunction with 
the special atmosphere gas system: 

(a) A safety shutoff valve(s) on all flammable fluid sup- 
plies to the furnace. This valve(s) shall be energized to 
open when the furnace t empera tu re  is above 1400°F 
(760°C). Operator action shall be required to initiate flow. 

NOTE: Some operating procedures for Type VI turnaces 
using exothermic-generated special atmosphere gas sup- 
plied for both purging and process might not be required 
to include safety shutoff valves. 

(b) A low flow switch(es) on all carrier gas supplies to 
ensure that the atmosphere gas supply is flowing at the 
proper rates. Low flow shall be indicated by visual and 
audible alarms. 

(c) The inert gas purge shall be automatically actuated 
by the [bllowing: 

1. A temperature less than 800°F (427°C) where liq- 
uid carrier gas is used; 

9. Power failure; 

3. Loss of flow of any carrier gas. 

Exceptio'n: Manual inert gas purge shall be permitted for fur- 
naces where operators can effect timely shutdown procedures. 

(d) Pilots at outer doors; one pilot at each outer door 
shall be supervised with an approved combustion safe- 
guard interlocked to prevent automatic opening of the ves- 
tibule door (if provided), shut off fuel gas to the curtain 
burners  (if provided), and alert the operator. Pilots shall be 
of the type that remain lit when subjected to an inert or 
indeterminate atmosphere. 

(e) Pilots located at effluents. 
(f) Manual shutoff valves and capability tbr checking 

leak tightness of safety shutoff valves. 
(g) Safety relief valves where overpressurizing of glass 

tube flow meters is possible. 
(h) Provisions fbr explosion relief in the vestibule (if 

provided). 
(i) Visual and attdible alarms. 
(j) A satiety shutoff valve for the flame curtain burner  gas 

supply. 
(k) Valves for manually shutting off the flow of flamma- 

ble liquids into a furnace that are separate from the atmo- 
sphere flow control unit. These valves shall be readily 
accessible to operators and remotely located fi'om the fur- 
nace and control unit. 

(1) A sufficient number  of furnace temperature monitor- 
ing devices to determine temperatures in zones. These 
shall be interlocked to prevent opening of the flammable 
gas supply safety shutoff valve(s) until all hot zones are at, 
or above, 1400°F (760°C). T e m p e r a t u r e  m o n i t o r i n g  
devices shall be provided with a gas flow bypass device to 
allow operation of the furnace below 1400°F (760°C) after 
initial introduct ion of atmosphere.  All carrier gas flow 
switches shall be wired in series to complete the bypass. 
Where an alcohol or other liquid is used as a carrier gas 
and  i n t r o d u c e d  in the l iqu id  state,  a second  low- 
temperature safety interlock [ independent  of the 1400°F 

(760°C) interlock] shall be provided if flow of the liquid is 
continued below 1400°F (760°C). The person or agency 
responsible for commissioning the atmosphere process 
shall specify an interlock temperature set point and atmo- 
sphere flow rate that provides adequate positive furnace 
pressure at all temperatures above the set point. This inter- 
lock shall not be bypassed, and its set point temperature 
shall not be less than 800°F (427°C). 

NOTE: Furnaces using electrical heating elements that 
are deleteriously affected by oxygen at elevated tempera- 
tures should be purged with inert gas while the furnace is 
cold. Refer to the manufacturer's instructions for proper 
procedures. 

(m) The purge system shall include: 

1. Audible and visual alarms to alert the operator of 
low purge flow rate; 

2. Gas analyzing equipment  for ensur ing that the 
furnace is purged; 

3. Monitoring devices to allow the operator to deter- 
mine the adequacy of the inert purge flow visually at all times; 

4. An operator's actuation station equipped with the 
necessary hand valves, regulators, relief valves, and flow 
and pressure monitoring devices. 

NOTE: Separate furnace inlets should be p,'ovided tbr 
introductio,i of inert gas if" the special atmosphere is of a 
type that can deposit soot in the atmosphe,e supply pipe. 

11-4.2 Protective devices fbr Type VII furnaces shall be 
installed and interlocked as described in 11-4.2(a) through (1): 

NOTE: Furnaces using electrical heating elenmnts that 
are deleteriously affected by oxygen at elevated tempera- 
tures should be purged with inert gas while the furnace is 
cold. Refer to the mantdacturer's instructions tot proper 
procedures. 

(a) Inert  purge gas and carrier gas flow monitor ing 
devices shall be provided to allow the operator to deter- 
mine visually the adequacy of the inert pu_rge and special 
atmosphere gas flow at all times. 

(b) An automatic flame curtain satiety shntoff valve shall be 
provided for the flame curtain gas supply. This shall be inter- 
locked so that the special atmosphere supply is established 
prior to opening the flame curtain safety shutoff valve. 

(c) Pilots at outer doors and vent lines; one pilot at each 
outer door shall be supervised with an approved combus- 
tion safeguard interlocked to prevent automatic opening of 
the vestibule door (if provided), shut off fuel gas to the 
curtain burners  (if provided), and alert the operator. Pilots 
shall be of the type that remain lit when subjected to an 
inert or indeterminate atmosphere. 

(d) Audible and visual alarms. 
(e) A safety shutoff valve(s) shall be provided in the 

flammable gas components of the special atmosphere gas 
supply to the furnace. This valve(s) shall be interlocked with 
the carrier gas flows and shall require operator action when 
opening. Closure of this satiety shutoff valve(s) shall be tbl- 
lowed immediately by introduction of inert gas purging. 

Exception: Exothermic-generated special atmosphere gas supplies 
used for both purging a~d process shall not require safety shutoff 
vah,es and low flow interlocks. Refer to the manufacturer's 
instructions for proper procedures. 
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(I) A low flow switcb(es) on all carrier gas supplies to 
ensure that the atmosphere gas supply is flowing at the 
proper rates. Loss of flow shall cause closure-of the safety 
shutoff valve(s). Loss of flow shall be indicated by visual or 
audible alarms. 

(g) The inert gas purge shall be automatically actuated 
by the tbllowing: 

1, A temperature less than 800°F (427°C) where liq- 
uid carrier gas is used; 

2. Power failure; 

3. Loss of flow of any carrier gas. 

(h) The inert purging system shall include: 

1. Audible and visual alarms to alert the operator of 
low purge flow rate; 

2. Gas analyzing equipment  tor ensuring that the 
furnace is purged; 

3. Monitoring devices to allow the operator to deter- 
mine the adequacy of the inert purge flow visually at all times; 

4. An operator's actuation station equipped with the 
necessary haud valves, regulators, relief valves, and flow 
and pressure monitoring devices. 

NOTE: Separate thrnace inlets should be provided tot 
introduction of inert gas if tim special atmosphere is of a 
type that can deposit soot in the annosplmre supply pipe. 

(i) Safety relief wdves where overpressurizing of glass 
tube flow meters is possible. 

(j) Provisions tbr explosion relief in the vestibule (if 
provided). 

(k) Vah, es t()1 manually shutting off the flow of flamma- 
ble liquids into a furnace that are sepmate from the atmo- 
sphere flow control unit. These vah, es shall be readily 
accessible to operators and remotely located fiom the fur- 
nace and control unit. 

(1) Where an alcohol or other liquid is used as a carrier 
gas and introduced in the liquid state, a low-temperature 
satiety interlock shall be provided. The person or agency 
responsible tbr commissioning the atmosphere process 
shall specit}/an interlock temperature set point and atmo- 
sphere flow rate that provides adequate positive furnace 
pressure at all temperatures above the set point. 

11-4.3 The following protective equipment  tot furnaces 
utilizing timed flow purges shall be provided: 

(a) A purge timer(s); 
(b) A purge gas flow meter(s): 
(c) A ptu'ge flow monitoring device(s); and 
(d) A fan rotation sensor(s). 

Chapter 12 Class C--Heat ing Cover Furnaces 

12-1 General. 

12-1.1 Scope. This chapter describes procedures and 
protecting equipment  that shall be used tor the introduc- 
tion and removal of flammable special atmospheres fiom 
heating cover-type thrnaces. Chapters 1 through 7 shall be 
used in conjunction with this chapter wherever applicable. 
For application of programmable controllers, also see Sec- 

tion 5-3. The scope shall be limited to furnaces in which 
the heating cover and inner  cover (if applicable) are sepa- 
rated from a base that also supports the work processed. 

NOTE: The cover and base are closed together in order 
to contain the work and, unavoidably, a volume of air is 
entrapped. The heating cover can be lifted up by a self- 
contained mechanism, as in the case of the "tip-up"-type 
fiu'nace, .by a tactory crane as used with "bell"-type fur- 
naces, or the base can be mobile as in "car bottom"-type 
furl]aces. 

12-1,2 Types of Heating Cover Furnaces, 

12-1,2.1 Type VIII ,  A heating cover furnace with an 
inner  sealed cover. The work is indirectly heated. The heat 
source is located in the space between the outer heating 
cover and the sealed inner  cover (retort). The inner  cover 
encloses the work. (See Figure 12-1.2.1.) 

12-1.2.2 Type IX. A heating cover furnace without an 
inner  cover or with a nonsealed inner  cover. The work can 
be directly or indirectly heated. (See Figure 12-1.2.2.) 

12-1.3 Special Atmosphere Flow Requirements. 

12-I.3,1 Atmosphere process and the equipment  for con- 
trolling the flows of special atmospheres shall be installed 
and operated to minimize the infiltration of air into a fur- 
nace, which could result in the creation of flammable gas- 
air mixtures within the furnace. 

12-1.3.2 The flammable special a tmosphere flow rate 
shall be sufficient to enable reliable burn ing  of the atmo- 
sphere as it exits the furnace. The person or agency com- 
missioning the furnace or atmosphere process shall pre- 
scribe the flow rate. 

12-1.3.3 The flow rate of an inert gas being used as a 
purge shall be controlled. It shall be introduced to the fhr- 
naces through one or more inlets as necessary to ensure 
that the entire chamber(s) is purged. 

12-2 Flammable Special Atmosphere Introduction and 
Removal. 

12-2.1 Flammable special atmosphere introduction and 
removal to or flom a Type Vl l l  heating cover furnace shall 
be accomplished using the purge procedures in 12-2.3 and 
12-2.4. 

12-2.2 The selection of the proper procedure to be used 
tot introduction and removal of atmosphere for a Type IX 
heating cover furnace shall be determined by the normal 
operating temperature of the work chamber when atmo- 
sphere is to be introduced or removed. 

Exceptions: The procedures used lo i~troduce or remove flamma- 
ble special atmosphere for a Type IX heati~g co-,,er furnace with a 
~m~sealed ironer cover shall be i~t accorda~ce with 12-2.5 a~td 
12-2.6. 

12-2.2.1 The procedures used to introduce or remove 
flammable special atmosphere lot a Type IX heating cover 
furnace work chamber at or above 1400°F (760°C) shall be 
in accordance with 12-2.7 and 12-2.8. 

12-2.2.2 The procedures used to introduce or remove a 
flammable special atmosphere tbr a Type IX heating cover 
furnace work chamber below 1400°F (760°C) shall be in 
accordance with 12-2.5 and 12-2.6. 
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Figure 12-1.2.1 Example of a bell-type furnace. 
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Figure 12-1.2.2 Example of a tip-up-type furnace. 

12-2.3 Introduction of Flammable Special Atmosphere Gas 
into Heating Cover Type VIII Furnace by Purge Procedure. 

12-2.3.1 Air t r apped  inside the inner  cover  (retort) shall 
be p u r g e d  by means  o f  iner t  gas or  vacuum p u m p  pr ior  to 
i n t roduc ing  a f lammable  special a tmosphere .  

12-2.3.2 T h e  following p r o c e d u r e  shall be p e r l b r m e d  in 
s e q u e n c e  and  in a c c o r d a n c e  with the  m a n u t a c t u r e r ' s  
instructions:  

NOTE: The starting conditions are assumed to be as fi)l- 
lows: fin'nace base is loaded with work, both base and work 
load are below 1400°F (760°C), and the inner cover (retort) 
is not covering the work. 

(a) Verif icat ion o f  an adequa te  supply of  iner t  pu rge  gas 
shall be made.  T h e  iner t  pu rge  gas r equ i r emen t s  for the 
no~'mal process shall not  deple te  the adequacy of  the emer -  
gency gas supply. 

(b) T h e  a t m o s p h e r e  gas valves on all bases that do not 
have a work load and inner  cover  in posit ion and tim atmo- 
sphere  gas valves on all bases that  have an u n p u r g e d  inner  
cover  in posit ion shall be closed. 

(c) T h e  inner  cover  shall be placed over  the work and 
sealed to the furnace  base. 

(d) T h e  l iquid level in manome te r s  or  bubbler  bottles 
(if p rov ided)  on the vent  line shall be checked and refilled 
w h e n  necessary ,  and  tim e f f luen t  gas pilot(s) shall be 
ignited. Pilots shall be of  the type that  renlains lit when 
subjected to an iner t  a tmosphere .  

(e) T h e  circulat ing fan, if p rov ided ,  shall be started. 

(f) T h e  ine r t  gas p u r g e  system shall be ac tua ted  to 
pu rge  the inner  cover  at a rate to maintain  a positive pres- 
sure. This  pressure  shall be indicated by the bubbler ,  vent  
m a n o m e t e r ,  or  similar device. 

(g) Sampl ing  of  the inner  cover  a tmosphe re  shall begin. 
T h e  inert ,  gas pu rge  shall cont inue  until two consecut ive 
analyses indicate that  the oxygen  con ten t  is below 1 per-  
cent  by volume.  Chap te r  13 specifies t imed flow al ternat ive 
me thods  for d e t e r m i n i n g  that  the pu rge  is comple te  u n d e r  
normal  ope ra t ing  condit ions.  However ,  t imed flow purg-  
ing me thods  shall not  be used in the case of  emergency  
purges.  

NOTE: Avacuum purge should be pertained to be used 
as an alternative to 12-2.3.2(t) and (g) if the initial room air 
within the i,mcr cover is pumped out with a mechanical 
pump to a vacuunl ill tim general range of 100 microns 
(1 x 10 -I tort). 

(h) After it has been d e t e r m i n e d  that  the f lammable  spe- 
cial a t m o s p h e r e  gas supply is adequate ,  the iner t  gas sup- 
ply shall be t u rned  off and the f lammable  special a tmo- 
sphere  shall be in t roduced .  

(i) T h e  f lammable  special a tmosphe re  flow to the inner  
cover  shall be adjusted.  

(j) Manometers ,  bubbler  bottles, or  similar devices shall 
indicate p roper  pressure belbre the procedure  is continued.  

(k) When  f lame appears  at tim eff luent  lines, the atmo- 
sphere  in t roduct ion  shall be cons idered  to be complete .  

(l) T h e  base with load and inner  cuve l  then is ready fbr 
the heat - t rea t ing  cycle. T h e  ou te r  hea t ing  cover  shall be 
placed over  tim inner  cover  and heat  shall be applied.  

12-2.4 Removal of Flammable Special Atmosphere Gas from 
Heating Cover Type VIII Furnace by Purge Procedure. 

12-2.4.1  C o m b u s t i b l e  gases  w i th in  the  i n n e r  c o v e r  
(retort) shall be p u r g e d  before  the inner  cover  is r emoved .  

12-2.4.2 T h e  following p r o c e d u r e  shall be pe r fb rmed  in 
s e q u e n c e  and  in a c c o r d a n c e  with the  m a n u f a c t u r e r ' s  
instructions:  

(a) Verif ication of  an adequa te  supply of  inert  pu rge  gas 
shall be made.  
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(b) The outer heating cover shall be removed fi'om over 
the inner  cover. 

(c) The flammable special atmosphere gas safety shutoff 
valve shall be closed, causing the inert gas to flow into the 
inner  cover (see 12-4.2). The inert gas flow shall be suffi- 
cient to maintain the manufacturer 's required ntinimum 
pressure as indicated by the bubbler, vent manometer,  or 
similar device. The purge shall continue until the total 
combustible content of the special atmosphere inside the 
inner  cover (retort) is below 50 percent of its lower explo- 
sive limit Ibm: two consecutive readings. Chapter 13 specifies 
timed flow alternative methods tor determining that the 
purge is complete under  normal operat ing conditions. 
However, timed flow purging methods shall not be used in 
the case of emergency purges. 

(d) The pilot flame at each effluent vent line shall be 
sbut oil'. 

(e) The speed of tbe circulating thn (if required) shall be 
stopped or reduced. 

(t) The i,tner cover shall be removed flom over the work. 

(g) The inert purge gas flow shall be shut otE 

12-2.5 Introduction of Flammable Special Atmosphere 
Gas into Heating Cover Type IX Furnace by Purge Pro- 
cedure. 

12-2.5.1 Air trapped inside the heating cover, and non- 
sealed inner  cover if applicable, shall be purged by means 
of inert gas or vacuunl puntp prior to introducing a flam- 
mable special atmosphere. 

12-2.5.2 The tollowing procedure shall be performed in 
sequence and in accordance with the manufac tu re r ' s  
instructions: 

NOTF-: The starting conditions arc assumed to be as tbl- 
lows: Ihe furnace base is loaded with work, both base and 
work load ave beh)w 1400°F (760°C), and the heating cover 
is not covering the work. 

(a) Verification of an adequate supply of inert purge gas 
shall be made. The inert purge gas requirements tbr the 
normal process shall not deplete the adequacy of the emer- 
ge,toy gas supply. 

(b) The atmosphere gas valves shall be closed on ;111 
bases that do not have a work load under  process. 

(c) The heating cover shall be placed over the work and 
sealed, to the furnace base. 

(d) The liquid level ht manonteters or bubbler bottles 
(if provided) on the vent line shall be checked and refilled 
when necessary, and the effluent gas pilot(s) sball be 
ignited. Pilots shall be of the type that remains lit under  all 
operating and emergency conditions. 

(e) The circulating thn, if provided, shall be started. 
(F) The  inert  gas purge system shall be actuated to 

purge the work chamber at a rate to maintain a positive 
pressure. This pressure shall be indicated by the bubbler, 
vent manometer,  or similar device. 

(g) Sampling of the work chamber atmosphere shall 
begin. The inert gas purge shall continue until two consec- 
utive analyses indicate that the oxygen content is below 
1 percent by volmne. Cttapter 13 specifies timed flow alter- 
native methods tbr determining that the purge is complete 
under  norntal operating conditions. However, timed flow 
purging methods shall not be used in the case of emer- 
gency purges. 

NOTE: A vactmm purge should be permitted to be used 
as an acceptable alternative to 12-2.5.2(f) and (g) if' the ini- 
tial room air within the heating cover is pumped out witb a 
mechanical pump to a vacuum in the general range of 
100 microns (1 x 10 q torr). 

(h) Alter it has begn determined that the flammable spe- 
cial atmosphere gas supply is adequate, the inert gas sup- 
ply shall be turned off and tim flammable special atmo- 
sphere gas shall be introduced. 

(i) The special atmosphere flow to the work chamber 
shall be adjusted. 

(j) Manometers, bubbler bottles, or similar devices shall 
indicate proper pressure before the procedure is continued. 

(k) When flame appears at the effluent lines, the atmo- 
sphere introduction shall be considered to be complete. 

12-2.6 Removal of Flammable Special Atmosphere Gas 
from Heating Cover Type IX Furnace by Purge Procedure. 

12-2.6.1 Combustible gases within the heating cover, and 
nonsealed inner  cover if applicable, shall be purged before 
the heating cover is opened or removed. 

12-2.6.2 The following procedure shall be performed in 
sequence and in accordance with the manufac tu re r ' s  
instructions: 

(a) Verification of an adequate supply of inert purge gas 
shall be made. 

(b) The flammable special atmosphere gas safety shutoff 
valve shall be closed, causing the inert gas to flow into the 
work chamber (see 12-4.2). The inert gas flow shall be suf- 
ficient to maintain the manufacturer 's required minimum 
pressure as indicated by the bubbler, vent manometer,  or 
similar device. The purge shall continue until the total 
combustible content of the special atmosphere inside the 
work chalnber is below 50 percent of its lower explosive 
limit for two consecutive readings. Chapter 13 specifies 
timed flow alternative methods tbr determining that the 
purge is complete under  normal operating conditions. 
However, timed flow purging methods shall not be used in 
the case of emergency purges. 

(c) The pilot flame at effluent vent line shall be shut ore 
(d) The speed of the circulating thn (if required) shall be 

stopped or reduced. 
(e) Tim heating cover shall be removed from over the 

work. 
(t) The inert purge gas flow shall be shut off 

12-2.7 Introduction of Flammable Special Atmosphere 
Gas into a Heating Cover Type IX Furnace by Burn-in 
Procedure. 

12-2.7.1 The procedure in 12-2.7.2 shall be used only if 
the work chamber is at or above 1400°F (760°C). 

12-2.7.2 The following procedure shall be pertormed in 
sequence and in accordance with the 131anufacturer's 
instructions: 

NOTE: The starting conditions are assumed to be as fob 
lows: tile furnace base is loaded with work, both base and 
work h)ad are below 1400°F (760°C), and the beating cover 
is not covering the work. 

(a) Verification of an adequate supply of flammable spe- 
cial atmosphere gas shall be made. 
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(b) The atmosphere gas valves sball be closed on all 
bases that do not have a work load under  process. 

(c) The heating covet" shall be placed over the work load 
and sealed to the furnace base. 

(d) The circulating fan (if provided) shall be started. 
(e) The liquid level in manometers or bubbler bottles 

(if provided) on the vent line(s) shall be checked and 
refilled when necessary. 

(t) The heating system shall be started and the work 
chamber temperature shall be raised to 1400°F (760°C) or 
greater. 

NO'I'E: A temperature of 1400°F (760°C) or greater 
throughout the entire chamber is necessary for positive 
ignition of flammable gas upon being introduced into the 
turnace. 

(g) The effluent gas pilots shall be ignited at all vents 
where gases might be discharged from the furnace. Pilots 
shall be of the type that remains lit under  all operating and 
emergency conditions. 

(h) The  flammable special amtosphere  gas shall be 
introduced and the flow shall be adjusted. 

(i) Manometers, bubbler bottles, or similar devices shall 
indicate proper pressure belore the procedure is continued. 

(j) When flame appears at the effluent lines, the atmo- 
sphere introduction shall be considered to be complete. 

12-2.8 Removal of  Flammable Special Atmosphere Gas 
from a Heating Cover Type IX Furnace by Burn-out 
Procedure. 

12-2.8.1 The procedure in 12-2.8.2 shall be used only if 
the work chamber is at or above 1400°F (760°C). 

12-2.8.2 The tbllowing procedure shall be completed in 
sequence and in accordance with the manufac tu re r ' s  
instructions before the work chamber temperature falls 
below 1400°F (760°C): 

(a) Where required, pilots or torches shall be ignited 
and placed in position or shall be ready tbr ignition of the 
flammable atmospltere gas at the heating cover to the base 
seal as soon as tim seal is broken. 

(b) The heat source shall be turned off. 
(c) Tim speed of the circulating tan (if provided) shall be 

stopped or reduced. 
(d) Any mechanical clamping devices (if used) that hold 

the heating cover to the base shall be released. 
(e) The heating cover shall be separated gradually fiom 

the base. The flammable atmosphere gas shall ignite or 
shall be ignited as soon as the heating cover breaks its seal 
with the hase. 

NOTE: This procedure is required to preveqt the possible 
formation of an explosive mixture inside the heating cover 
alier it has been separated ti'om the base. 

(t) The flammable special atmosphere gas inlet valve 
shall be closed. 

12-3 Emergency Shutdown for Heating Cover-Type 
Furnaces. 

12-3.1 In the event of electric power failure or loss of 
flammable special atmosphere flow, the fbllowing actions 
shall be initiated: 

(a) An inert gas safety purge system as prescribed in 
12-4.1 (e) shall be actuated immediately; 

(b) The flammable atmosphere satety stmtoff valve shall 
be closed; 

(c) M1 manual  flammable atmosphere gas vah, es shall be 
closed; 

(d) The inert gas safety purge shall be continued as long 
as necessary to purge the flammable gas fiom the work 
chamber; 

(e) The tim( of the inert gas safety purge shall be actu- 
ated at a rate to maintain a positive pressure in the work 
chamber for the duration of the purge; and 

(0 The inert gas safety purge shall be continued until 
the total combustible content of the special atmosphere in 
the work chamber is below 50 percent of its lower explosive 
limit for two consecutive readings. Chapter 13 specifies 
timed flow alternative methods for determining that the 
purge is complete under  normal  operat ing conditions. 
However, timed flow purging methods shall not be used in 
the case of emergency purges. 

12-3.2 In the event of a disruption in atmosphere circu- 
lation, atmosphere flow into the furnace shall be continued 
on an emergency basis to maintain positive pressure until 
tan operation is restored or until the heating cover is 
removed from the base and all remaining flammable atmo- 
sphere can be removed by other means, such as by burn-  
ing out and thereby retarding air infiltration. Neither 
timed flow purging methods nor analyses of purge vent 
gas shall be used to de termine  when purg ing  can be 
stopped. 

CAUTION: Purging without atmosphere circulation 
can leave pockets of combustible gases inside the fur- 
nace. Thus, the presence of a flammable gas might 
not be detectable by analyzing the vent gas. Further- 
more, timed flow purging is not reliable tbr determin- 
ing when an inert purge is complete. 

12-4 Protective Equipment for Heating Cover-Type 
Furnaces above 1400°F (760°C). 

12-4,1 The tollowing protective equipment  and proce- 
dures shall be required in conjunction with the special 
atmosphere gas system: 

(a) A safety shutoff valve on the flammable special atmo- 
sphere gas supply line to the flunace. 

(b) An atmosphere gas flow indicator(s) to allow the 
operator to determine the adequacy of atmosphere gas 
flow visually at all times. 

(c) A sufficient number  of furnace temperature monitor- 
ing devices to determine the tempm'ature in all zones. 
These shall be interlocked to prevent opening of the atmo- 
sphere gas safety shutoff valve until all zones are at, or 
above, 1400°F (760°C) where inert gas or vacuuna purging 
of oxygen from the initial room air within the work cham- 
ber is not employed. 

(d) Audible and visual alarms to alert the furnace oper- 
ator of abnormal furnace temperature or low atmosphere 
flow conditions detected by the monitoring devices as rec- 
omntended,  giving the operator the opportunity to pet- 
fbrm any required shutdown procedure safely. 

(e) An emergency safety purge. A nonflammable safety 
purge system, in accordance with Section 7-5, to purge the 
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f lammable  or  inde te rmina te  a tmosphe re  gas f iom the fur- 
nace immedia te ly  when  an e m e r g e n c y  si tuat ion occurs,  
such as p o w e r  failure,  loss o f  f l ammable  special a tmo-  
sphere ,  or  loss of  normal  inert  pu rge  gases. 

(t) Valves fi)r manual ly  shut t ing off  the | low of  f lamma- 
ble special a t m o s p h e r e  to the furnace. These  valves shall be 
readily accessible to the o p e r a t o r  and remote ly  located 
fl'om the furnace.  

(g) Pilots at :Ill eff luent  vent  lines. These  pilots shall be 
mon i to red  to alert  the ope ra to r  of" pilot tailure. 

12-4.2 T h e  iner t  pu rge  system(s) shall include: 

(a) Audible  and visual alarms to alert  the ope ra to r  of  
low purge  flow rate; 

(b) Gas analyzing equ ipme , l t  fbr ensur ing  that the fur- 
nace is pu rged ;  

(c) Moni to r ing  devices to allow the ope ra to r  to deter-  
mine the adequacy  of  the inert  pu rge  fh)w visually :it all 
times; and 

(d) A provis ion to alh)w the ope ra to r  to start the inert  
pu rge  manual ly  wheneve r  desired.  

T h e  inert  pu rge  p ip ing  system shall be a r r anged  so that 
wheneve r  the control  valve in the inert  gas line is open,  the 
f lammable  special a t m o s p h e r e  gas line is closed. 

12-4.3 All p ip ing  and wir ing connect ions  to removahle  
h e a t i n g  cove r s  shall  be pa in t ed ,  keyed ,  o r  o t h e r w i s e  
marked  to min imize  the possibility o f  misconnections.  

12-4.4 Automat ic  pressure  makeup  of  the work chambe r  
shall be p rov ided  on ftll'llace e q u i p m e n t  where  reliable 
ope ra to r  moni tor i t lg  o[" indicators  such as pressure  and  
tlow rates cannot  be ensured .  

12-4.5 T h e  lol lowing protect ive e q u i p m e n t  [by thrnaces 
utilizing t imed th)w purges  shall be provided:  

(a) A purge  timer(s); 

(b) A pu rge  gas flow meter(s): 

(c) A pu rge  flow moni to r ing  device(s); and 

(d) A f~ln rotat ion seusor(s). 

12-5 Operating Precautions for Heating Cover-Type 
Furnaces. T h e  rate of  separa t ing  a hea t ing  cover  from o2 
re jo in ing  a hea t ing  cover  to the i nne r  cover  shall not  
exceed  a rate that cat|ses rapid expansion or  contract ion of  
the a tmosphe re  gas inside tim inner  cover. 

NOTE: Rapid expansion of the atmosphere gas can c;.llly)c 
lhc seals to bh)w, and rapid colm'action CHll cH/isc air io be 
drawn int() tl~c ct'tluellt line(s). 

Chapter  13" T i m e d  Flow Purge  Method  for T y p e  
I-IX Furnaces  

13-1 General. 

13-1.1 Iner t  gas purges  are used asfi)llows: 

(a) To  r e m o v e  oxygen  (contained in air) from a furnace 
betbre  in t roduc ing  a f lammahle  or  inde te rmina te  car r ie r  
gas; or 

(b) T o  r e m o v e  a f l ammable  or  i n d e t e r m i n a t e  a tmo-  
sphere  f iom the furnace betore  it is o p e n e d  to the air. 

Such purges  are  r equ i red  to avoid creat ing explosive 
a tmosphere -a i r  mixtures  inside the furnace when combus-  
tible gases are  in t roduced  or  wi thdrawn 02 when a furnace 
is o p e n e d  to the air. 

13-1.2 This chapter  prescribes a method  tbr purg ing  a fur- 
nace that avoids the use of  gas analysis measurements  in rou- 
tine operat ions after commissioning of  the furnace system. 

13-1.3 Emergency Purging after Failure of Atmospheric 
Circulation. T h e  t imed purge  m e t h o d  descr ibed in this 
chap te r  shall not  be used to d e t e r m i n e  when an emergency  
purge  has been comple ted  satisfactorily in the event  of  a 
fhilure of  a tmosphe re  circulat ion inside a furnace. 

CAUTION: Purging  without  a tmosphe re  circulat ion 
can leave pockets of  combust ible  gases inside a thr- 
nace. Thus ,  the presence  of  a f lammable  gas might  
not  be detectable by analyzing the vent  gas. Fur ther ,  
t imed flow pu rg ing  is not  reliable tbr d e t e r m i n i n g  
when an iner t  pu rge  is complete .  

NOTE 1: Sections 9-3, 10-3, 11-3, and 12-3cover precau- 
tions for Imndling furnaces in dm event of an emergency. 

NOTE 2: Sections 9-4.2, 10-4.2, l 1-4.3, and 12-4.5 pre- 
scribe additional items of p,'otectivc equiplnent fi)r flu'naces 
utilizing timed flow. 

13-2 Timed Flow Purging Trials. 
13-2.1 At the t ime of  commiss ioning  or  initial start-up,  
the e q u i p m e n t  supplier ,  o r  the agency au thor iz ing  pur-  
chase of  the furnace,  shall pe r fo rm trials that conf i rm the 
adequacy and effectiveness of  a t imed flow purge .  T h e  test 
data and results shall be r ecorded  and main ta ined  as a 
p e r m a n e n t  record  and m a d e  available to the author i ty  hav- 
ing jur isdict ion.  

13-2.2 T h e  trial shall be conduc ted  using ambient  tem- 
pe ra tu re  pu rge  gas flowed into an unhea ted  furnace. T h e  
wotk chambe2" shall not  contain work or  any objects that  
reduce  its normal  voh2me of  gas. A tmosphe re  circulat ion 
tans inside the turnace shall have proven  opera t ion  d u r i n g  
the e,l t ire pu rge  period.  

13-2.3 T h e  trials shall incorpora te  all of  the tbllowing: 

(a) \ :er if icat ion that the pu rge  gas flow rate or  cumula-  
Iive voltlllle llleasule2ne2lt is COITeCt; 

(b) Verification that the measnred  purge  gas flow rate 
or  v()hlme is und imin i shed  at the furnace a tmosphe re  out- 
let or  inlet to each individual  furnace. In the latter case, 
there  shall be no | u r t h e r  d o w n s t r e a m  branch ing ,  tees, 
valves, or  openings  in the p ipe l ine - -on ly  the inlet to the 
furn,2ce; and 

(c) T h e  use o f a  gas analyzing instrument(s)  that is listed 
and  ca l ibra ted  in a c c o r d a n c e  with the  m a n u f a c t u r e r ' s  
instructions.  

13-2.4 Where  oxygen  is being pu rged  O t l t  Of a fnruace 
using an inert  gas, verification testing shall be cons idered  
acceptable if; after live f lnnace  vo lume changes  of  flow, two 
consecutive gas analyses of  the eff luent  gas indicate less 
than 1 percent  oxygen by volume.  

13-2.8 Where  a combustible a tmosphere  is being purged  
out o fa  fmnace  using an inert gas, verification testing shall be 
considered acceptable it, after five f tnnace volume changes of  
flow, two consecutive gas analyses of  the effluent gas indicate 
less than 50 percent of  the lo~,er explosive limit. 
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13-3 Future Purge Verifications. Trials prescribed in 
Section 13-2 shall be repeated periodically, as specified in 
the furnace manufacturer ' s  instructions, to verify that 
future alterations to the furnace or atmosphere piping 
have not diminished the effectiveness of the purge. The 
user shall perform the retests and retain written records of 
the results for review by the authority having jurisdiction. 

NOTE: Examples of aherations that could reduce purge 
effectiveness include the tbllowing: 

(a) Revised atmosphere inlet or vent piping; 
(b) Changes or replacements of atmosphere flow controls 
and metering equipment; 

(c) Revised operating procedures; 
(d) Changes lo the furnace, atmosphere gas, or atmosphere 
process; 
(e) Maintenance or repairs on the furnace system, includ- 
ing entry doors and seals. 

13-4 Failure To Verify Timed Flow Purge Effectiveness. 
In the event that the trials in Sections 13-2 and 13-3 fail to 
verify the effectiveness of the purge process, procedures 
utilizing gas analyzers to prove completeness of purges 
shall be utilized until the cause of the failure is found and 
remedied and successful trials are completed. 

Chapter  14 Integral  Q u e n c h  Furnaces  

14-1" Scope .  

14-1.1 General. 

14-1.1.1 Tiffs chapter prescribes procedures and protec- 
tive equipment  of heat treatment furnaces of special design 
having an integral quench generally consisting of a Class C 
furnace to which is added an enclosed quench tank. Work 
in process is under  special atmosphere fiom tim time the 
work enters the finnace until it has been quenched and 
removed flom the filrnace. For application of programma- 
ble controllers, see Section 5-3. 

14-1.1.2 The  integral  quench section consists of an 
enclosed quench vestibule and a quench tank. An addi- 
tional cooling chamber shall be permitted to be provided 
and shall be elevated above the quench tank or located to 
one side of the quench. 

14-1.1.3 The atmosphere used shall depend on the met- 
allurgical requirements of the work being processed. 

14-1.1.4 The integral quench tank shall be permitted to 
utilize any combination of heating and cooling, depending 
on the metallurgical requirements of the work to be pro- 
cessed. 

14-1.2 This chapter does not cover salt quench tanks or 
central quench medium cooling systems. 

14-2 Types of Integral Quench Furnaces. See Figm-e 14-2. 

14-2.1 Type Q1. Dunk-type elevator quench. 

14-2.2 Type  QI I .  Dunk- type  e levator  quench  with 
u,lder-oil transt?er. 

14-2.3 Type QIII .  Conveyor-type quench. 

Furnace 17 

Conveyor (C°nvey°r_ __'~___ _ _ _ _ I 

Oil l e v e l ~ _ _  -. < ' - ' ~ - - - ~ i l ~ '  , Oil 

I Open tap " . ~  : i I 
/ -" "~% i i"¢'--~ Chute 
/ Quench tank " " ~  I 

Figure 14-2 Example of integral quench furnace Type QIII. 

14-3 Quench Vestibule. 

14-3.1 The quench vestibule shall be constructed of nun- 
combustible materials with due regard to the fire and 
explosion hazards inherent  to such equipment. 

NOTE 1: Alle,ltion to mechanical functions and corrosive 
conditions is vital to ensure reliable, safe operation. 

NOTE 2: The quench vestihule design and size depend on 
end use. If tile quench vestihule doubles as an ;ttmosphere 
gas cooling chamher, fi)rced cooling normally is required 
and is provided hy water- or oil-filled jackets, plate coils, or 
tuhing t,'acing. (See Section 14-4.) 

14-3.2 The inner  door between the furnace and quench 
shall seal the opening in order to serve as an insulated baf- 
fle to block heat luss to the quench vestibule. 

14-3.3 Elnergency or service access shall be provided. 

14-3.4 All outer load and unload doors shall be fitted 
properly with adequately sized and stable pilots under  all 
operating conditions. 

14-3.5 The quench vestibule shall be supplied with an 
atmosl)here gas supply adeqt, ate to maintain sate condi- 
tions dur ing the entire process cycle. The introduction and 
maintenance of this atmosphere shall be in accordance 
with Chapters 9 and 1 1. 

14-3.6 An effluent line (flamnaable atmosphere veto) shall 
be provided to control the pressure equilibrium in the 
chamber. The vent opening shall be located st) that opera- 
tors are not exposed to injury upon pressure release. 

14-3.7 An adequately sized stable pilot shall be provided 
at the effluent line to ignite the vented gases. 

14-3.8 Manual facilities shall be provided to allow open- 
ing of the outer quench vestibule door. Opening of this 
door under  emergency conditions shall be the decision of 
operating personnel. 

14-4 Cooling Chamber Design. 

NOTE: This section is intended to cover any design utiliz- 
ing water as a cooling medium where, by means of leakage 
or condensation, tile quench mcdittm is exposed to an acctl- 
nlt|lation of" water. 

14-4.1 Where hot-rolled steel plate is used, oil or other 
non-water-based coolants shall be used in place of water. 
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Exceptio.n: Jacketed stainless sled plate shall be permitted to be 
used zoith water as a coolant to eliminate the hazards of corrosion 
of hot-rolled steel. However, unless all of the stainless steel is of the 
stabilized type, sack as  columbium or titanium or the low carbon, 
L-series t~,pe, corrosion can take place faster thm~ m hot-rolled 
steel due to carbide precipilalion m the steel at the welds. I f  used, 
a careful study shall be made of the eompatibilih, of materials and 
weMing techniques employed. 

14-4.2 Where the ctuench mediunt temperature is exces- 
sive for desired .jacket cooling, a separate heat exchanger 
shall be employed. 

14-4.3 Where a water-cooled heat exchanger is used, tim 
quench oil circulating pump shall be installed on the inlet 
side of tim heat exchanger and the quench mediutfi pres- 
sure always shall exceed that of the cooling water. A differ- 
ential pressure switch shall be required and interlocked 
with the quench cycle. 

14-4.4 Where steel plate coils are attactted by thermal 
contact cenmnt to the external surt'aces of the quench 
cltamber, fabricated of hot-rolled steel plate, tile junct ion 
shall not cause the possibility of a water leak into the 
que,tch reservoir. 

NOTE: The passages of steel plate coils used with either 
water- or oil-type coolants are subject to plugging with rust 
and mineral deposits. Where water" is used as a coollmt, tile 
use of stainless steel plate coils considerably reduces the 
possibility of plugging o1" the water passages. 

14-4.5 Where serpentine coils tormed from a noncorro- 
sive tubing material are brazed or welded to the exterior 
surfaces of a cooling chamber fabricated of hot-rolled steel 
plate, the junction shall not cause the possibility of a water 
leak into the quench tank. 

14-4.6 Automatic temperature controls shall be installed 
in pressure-type water-cooling and oil-cooling systems to 
ensure the desired jacket temperature. 

14-5 Elevator Design. 

N O T E :  T h e  elevatol"S f t lnc t ion  is to i m n l e r s e  t i le  w o r k  
charge ill tile quench medium with lninimunl splashing. At 
tin'ruination of tile timed quench cycle, tile elevator is raised 
to tile drain position at hearth level. 

14-5.1 The elevating mechanism shall be supported sub- 
stantially by strttctural members in order to ltandle the 
naaxinmm rated loads. 

14-5.2 Elevator guides or ways shall be provided to 
ensnre unifol'nl stabilized movement of the elevator in the 
confined areas of the quench tank. 

14-5.3 Tray guides or stops shall be provided to ensure 
the tray is positioned properly on the elevator. 

14-5.4 Outer door operation shall be interlocked in the 
atttomatic mode so that it cannot open unless the elevator 
is in its fifll up or dow,t position or upon extinguishment 
of the flame-supervised onter door pilot, except through 
action of ntanual override in emergencies. (See 14-3.8.) 

14-6 Lower Quench Chamber or Tank. 

14-6.1 The quench tank shall be designed and con- 
strncted to: 

(a) C on t a i n  the q u e n c h  m e d i u m  capaci ty at the 
expected operating temperature and with maximum work 
load volume. 

(b) Operate with a ntaximunt quench ntedium level, 
where tim elevator and work load are submerged, of not 
less than 6 in. (15 cnt) below the door or any opening into 
tim furnace. 

14-6.2 The quench tank shall be tested for leaks prior to 
u s e .  

14-6.3 The quench tank shall have sufficient capacity to 
qnenclt a ntaxintum gross load with a nmximum tempera- 
ture rise that cannot exceed 50°F (28°C) below the flash 
point and shall have cooling capabilities to re turn the 
quench  med ium to a satisfactory t e mpe r a t u r e  range  
between minimum quench cycles. 

14-6.4 The quenctt tank shall be provided with an ade- 
quately sized overflow directed to a safe location outside of 
the building or to a salvage tank. Overflow shall be trapped 
or otherwise arranged to prevent the loss of quench cttam- 
bet" atmospttere gas and to prevent a siphon effect. 

14-7 Overflow Drains. 

14-7.1 Quench tanks of over 150 gal (0.57 m :~) in liquid 
capacity or 10 f(-' (0.9 nt '2) in liquid surface area shall be 
equipped with a properly trapped overflow pipe leading to 
a safe location. 

NOTE: Smaller quench tanks also should be so protected, 
where practical. 

14-7.1.1 Overflow pipes shall be of sutficient capacity to 
overflow the maximum delivery of quench tank liquid fill 
pipes, but shall not be less than 3 in. (76 ram) in diameter, 
and shall be increased in size, depending upon the area of 
the liquid surface and tim length and pitch of pipe. 

14-7.1.2 l f the liquid surtace area of a quench tank is 75 It'-' 
to 150 tf-' !7 m e to 14 m'-'), the diameter of the overflow pipe 
shall be not less than 4 m. (102 ntm); if" 150 ft'-' to 225 f(-' 
(14 m'-' to 21 m'-'), not less than 5 in. (127 rant); if225 ft'-' to 
235 f(-' (21 nt'-' to 30 m'-'), not less than 6 i,t. (15 cnt). 

NOTE: On large quench tanks, muhiple overflow connec- 
tions are pvet;erable to a single, large pipe, provided tile 
aggregate cross-sectional a,'ea is equivalent. 

14-7.2 Overflow pipes shall be connected to quench tanks 
through an outlet where the accumulation of caked or 
dried material cannot clog the overflow opening. 

14-7.3 Piping connections on drains and overflow lines 
shall be designed to allow ready access tbr inspection and 
cleaning. 

14-7.3.1 The bottom of the overflow connection shall be 
not less than 6 in. (15 cm) below the top of tim tank tot 
open integral quench tanks. (See Figure 14-7.3.1.) 

14-7.3.2 -l~he bottom of the overflow connection shall be 
not less than 6 in. (15 cm) below the lowest operating oil 
level for closed integral quench tanks. (See Figure 14-7.3.2.) 

14-8 Quench Medium Cooling Systems. 

NOTE: Quench mcdiul'n lanks generally utilize a cooling 
svstmn m maintain the quench medium at :ill operating 
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Overflow drain 

--f-- 
6 in. 

(15 cm) 

5> 

- ~ Top of tank 

- - M a x i m u m  oil level 

Figure 14-7.3.1 Example  of  overflow drains for open integral quench 
tanks. 

Furnace entrance 
I _ _  

n,,Scm, -] r- 
Top of tank 

- -  Maximum oil level 

Minimum oil 
level 

Figure 14-7.3.2 Example of overflow drains for closed integral quench 
tanks. 

temperature to reduce the quantity of quench medium 
required. Three basic cooling systems are ill general use 
~llld consist of: 

(a) An internal cooler, where a heat transfer medium is cir- 
culated through a heat exchanger within the quench tank. 

(b) An external cooler, where a quench meditlm is wittl- 
drawn fi'om a quench tank, circuhited through a liquid- 
cooled heat e'xchanger, and returned. 

(c) An external cooler, where a quench medium is with- 
drawn from a quench tank, circulated through an air- 
cooled heat exchanger, and returned.  

14-8.1 H e a t  E x c h a n g e r  w i t h i n  Q u e n c h  Tank.  

14-8.1.1 The  heat exchanger  shall be constructed of  
materials  that  cannot  be c o r r o d e d  by e i ther  cool ing 
medium or quench medium. 

14-8.1.2 The heat exchanger shall be subjected to a min- 
imum pressure  test of  150 percen t  of  the max imum 
designed working pressure alter installation in the quench 
tan k. 

NOTE: The he;At exchanger should be sul~jected to :.l sim- 
ilar test prior to being placed in service, and at periodic 
intervals thereafler, to ascertain that it is free of leaks. 

14-8.1.3 The heat exchanger  shall be located within the 
quench tank in a manner  to prevent mechanical damage 
by the elevator or load to be quenched. 

14-8.1.4 The cooling medinm flow should be controlled 
by an automatic temperature  control. 

14-8.1.5 A pressure-relief device shall be provided to protect 
the heat exchanger. Relief shall be piped to a satie location. 

14-8.1.6 Water shall not be used as a cooling medium 
within a quench tank utilizing a combustible liquid quench 
medium. 

14-8.2  E x t e r n a l  L i q u i d - C o o l e d  H e a t  E x c h a n g e r .  

14-8.2.1 Heat exchanger tubes that are exposed to water 
shall be constructed of corrosion-resistant materials. 

14-8.2.2 After tabrication, the heat exchanger  shall be 
subjected to a minimum pressure test of 150 percent of the 
maximum designed working pressure. 

NOTE: The heat exchanger should be subjected m a sim- 
ilar test prior to being placed in service, and at periodic 
intervals thereafter, to ascertain that it is fi'ee of leaks. 

14-8.2.3 The pressure of  the quench medium through 
the heat exchanger  shall be greater than the coolant pres- 
sure appl ied.  A different ia l  p ressure  switch shall be 
required and interlocked with the quench cycle. 

14-8.2.4 A pressure-relief device shall be provided to protect 
the heat exchanger. Relief shall be piped to a safie location. 

14-8.3  Externa l  A i r - C o o l e d  H e a t  E x c h a n g e r .  

14-8.3.1 External air-cooled heat exchangers installed 
outdoors shall be reintbrced structurally to withstand antic- 
ipated wind tbrces without damage at the elevation at 
which they are mounted. 

14-8.3.2 External air-cooled heat exchangers that are 
installed outdoors or that utilize supplemental water cool- 
ing shall be constructed of materials that are able to with- 
stand corrosion. 

14-8.3.3 An external heat exchanger installed outdoors 
shall be provided with lightning protection if located in an 
exposed, rooftop location. 

14-8.3.4 If the air-cooled heat exchanger is installed in a 
rooftop location, it shall be installed in a curbed or diked 
area and drained to a safe location outside of the building. 

14-9" Q u e n c h  T a n k  P r o t e c t i v e  Features .  

14-9.1 The quench reservoir shall be equipped with a 
reliable quench medium level indicator. 

14-9.2  If of the sight-glass type, the level indicator shall 
be of heavy-duty construction and protected from mechan- 
ical damage. 

14-9.3 The quench tank shall be equipped with a low 
level device arranged to sound an alarm, prevent the start 
of qnenching, and shut off the heating medium in case of a 
low level condition. 

14-9.4 Tile quench tank shall be equipped with an excess 
temperature  limit control device arranged to: 

(a) Sound an alarm. 
(b) Automatically shut off the quench heating medium. 

(c) Prevent the start of a quench. 
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14-9.5 Where agitation of the quench medium is required 
to prevent overheating, the agitation shall be interlocked to 
prevent quenching until the agitator has been started. 

14-9.6 A reliable means shall be used to test for water in 
quench oil. 

14-9.6.1" Laboratory testing shall be permitted to be 
used to determine the existence of water in quench oil. 

14-9.6.2" A representative sample of quench oil shall be 
obtained. 

14-9.6.3 Quench oil shall be tested for water content  
whenever there is a possibility that water has contaminated 
the quench oil system. 

NOTE: Examples of when contamination is a possibility 
include: 

(a) Aticr a slmtdown; 
(b) After a heat exchanger leak; 
(c) After ~|llV components in the oil-cooling, agitation, or 
rccirculation system arc replaced: 
(d) After a water-extinguished fire in tim area: 
(c) Alicr ,t significant addition of llCW Of used oil. 

14-9.6.4 Quenching operations shall be prohibited until 
the water contamination is corrected and confirmed by 
test. 

14-10 Quench Tank Heating Controls. 

14-10.1 Fuel-Fired Immersion Heaters. 

14-10.1.1 l:uel-lired immersion beaters shall be installed 
in accordance with Chapters 3, 4, and 5. 

14-10.1,2 Burner  control systems shall be interh)cked 
with the quench medium agitation system or the recirculat- 
ing system, or both, to prevent localized overheating of the 
quench medium. 

14-10.1.3 The immersion tubes shall be installed so that 
the entire tube within tim quench tank is covered with 
quench medium at all times. 

14-10.1.4 A quench medium level control and excess 
temperature supervision shall be interlocked to shut off 
immersion heating when low quench level or overtemper- 
ature is detected. 

14-10.2 Electric Immersion Heaters. 

14-10.2.1 Electric immersion heaters shall be of sheath- 
type construction. 

14-10.2.2 Heaters shall be installed so that the hot sheath 
is fully submerged in the quench medium at all times. 

14-10.2.3 The quench medium shall be supervised by: 

(a) A temperature controller arranged to maintain the 
quench ,nedium at the proper temperature; and 

(b) A quench medium level control anti excess tempera- 
ture supervision that are interlocked to shut off the immer- 
sion heating when low quencl/ level or overtemperature is 
detected. 

14-10.2.4 The electrical beating system shall be inter- 
locked with the quench medium agitation system to pre- 
vent localized overheating of the quench rneditun, 

Chapter 15 Open  Liquid Quench  Tanks 

15-1 Scope. 

15-1.1 This chapter shall apply to the open tank quench- 
lug of heated metals ill combustible quench media. Pure 
mineral oils are the most common of these media, the 
majority of which have flash points above 300°F (150°C). 
The quench is separate flom the furnace, with the tank 
and work exposed to air. 

15-1.2 This chapter does not cover salt quench tanks or 
central quench medium cooling systems. 

15-2 Location. Tanks shall be located as fat as practica- 
ble from furnaces and shall not be located on or near com- 
bustible floors. Combustible materials shall not be stored in 
the vicinity of the quench tank. 

15-3" Hazards .  Fire is the pr inc ipa l  hazard in oil 
quenching. When hot metal is quenched in oil, an enve- 
lope of vapors tbrms around the piece. Large vapor bub- 
bles, which can have temperatures above autoignition tem- 
perature, rise to the surface and sometimes flash into flame 
momentarily.  Additional localized surface flashing also 
occurs around the work as it enters the oil but is extin- 
guished readily by normal agitation of the oil. 

15-4 Quench Tank Construction. 

15-4.1 The tank shall be constructed 0f noncombustible 
material and shall be supported securely and rigidly. Sup- 
ports fbv tanks over 500 gal (1893 L) in capacity or f0 ft'-' 
(1 m'-') in liquid surfhce area shall have a minimum fire 
resistance rating of'l  hour. 

15-4.2 The top of the tank shall be at least 6 in. (15 cm) 
above the floor. 

15-4.3 In the event of a fire in the tank, automatic sprin- 
kler discharge can collect in the tank and float the flaming 
liquid Otlt of the tank. This shall be prevented by one or 
move of the following: 

(a) Oil drain boards shall be arranged so sprinkler dis- 
charge cannot be conducted into the tank. 

(b) Tanks shall be equipped with automatically closing 
covers. 

(c) Tanks shall be equipped with overflow pipes. (See 
15-4.5.) 

15-4.4 The level of liquid in the tanks shall be maintained 
at 6 in. (15 cm) or greater below the top of the tank to 
allow effective application of extinguishing agents in the 
event of tire. 

15-4.5" Overflow Pipes. 

15-4.5.1 Tanks of over f50 ga[ (570 L) in capacity, or t0 ft'-' 
(1 m'-') in liquid surl,tce area, shall be equipped with a prop- 
erly trapped overflow pipe leading to a safe location. 

15-4,5,2 Depending upon the area of the liquid surfftce 
and the length anc[ pitch of the pipe, overflow pipes for 
quench tanks over 150 gal (570 L) in capacity, or t0 ft'-' 
(1 m'-') in area, shall be capable of handling the ,naximunl 
delivery of quench tank liquid till pipes, or automatic 
sprinkler discharge, but shall not be less than 3 in. (7.5 cm) 
in diameter. 
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15-4.5.3 Piping connections on drains and overflow lines 
shall be designed to allow ready access for inspection and 
cleaning of the interior. 

15-4.5.4 Overflow pipes installed in quench tanks shall 
have a minimum liquid entry level of 6 in. (15 cm) below 
the top of the tank. 

15-4.5.5 Overflow pipes shall not contain any valves or 
other restrictions. 

15-4.6 Emergency Drains. Drain facilities from the bot- 
tom of tank shall be permitted to be combined with the oil 
circulating system or arranged independently to drain the 
oil to a safe location. Unless the viscosity of the liquid at 
normal atmospheric temperatures makes this impractical, 
tanks over 500 gal (1900 L) in liquid capacity shall be 
equipped with bottom drains arranged to drain the tank 
quickly, both manually and automatically, in the event of 
fire. Manual operation shall be fiom a safe, accessible loca- 
tion. Where gravity flow is not practicable, automatic 
pumps shall be required. Such drain facilities shall be 
trapped and shall discharge to a dosed, properly vented 
salvage tank or to a safe location outside. The provisions of 
this section shall not apply to integral quench furnaces. 

15-5 Equipment. 

15-5.1 Transfer.  Controls of transfer equipment  shall be 
installed in a safe location so that the operator can be pro- 
tected in the event of oil flash while the work is being 
lowered. 

15-5.2 Temperature Control of  Liquids. 

15-5.2.1 To prevent overheating the oil, the tank and 
cooling system shall be designed with sufficient capacity to 
keep the oil temperature at least 50°F (28°C) below its tlash 
point under  maximt, m work load conditions. 

15-5.2.2 The cooling system shall be constructed with an 
external heat exchanger and controlled so that any leakage 
is fiom the oil to the water. Water-cooling coils shall not be 
installed within the quench tank. Loss of the controlled 
condition shall be alarmed. 

15-5.2.3 On open tanks with heating systems, autonaatic 
temperature control shall be provided to maintain the oil 
at the desired working temperature.  This temperature  
shall be more than 50°F (28°C) below the flash point of the 
oil. Controls shall be interlocked to prevent starting the 
heating system, unless the tank agitator or recirculation 
pump ,s in operation. 

15-5.2.4 An excess temperature limit switch that is inde- 
pendent  of operating temperature controls shall be pro- 
vided on all quench tanks where any of the following con- 
ditions exist: 

(a) The liquid surface area exceeds 10 tt'-' (1 m'-'); 
(b) Incoming or outgoing work is bandied by conveyor; 
(c) Artificial cooling is required to maintain the oil tem- 

perature at least 50°F (28°C) below the flash point; or 
(d) The tank is equipped with a heating system. 

15-5.2.5 The excess temperature limit switch shall be set 
at least 50°F (28°C) below the flash point of the oil. On 
operation, the excess tenlperature limit switch shall actuate 
an audible and visual alarm, sht, t down any qnench oil 
heating system, and, if not in operation, start up oil recir- 

culation or agitation and the tank cooling system. Where 
sudden stoppage cannot result in partial submergence of 
work, the excess temperature limit switch also shall shut 
down the conveyor. 

NOTE: A dual-set point excess temperature limit switch 
arranged to actuate the alarm prior to tl~e other operations 
may be permitted to be used. 

15-5.3 Low Oil Level Sensor. A low oil level sensor shall 
be provided to sound an alarm in the event that the oil 
level is below safe limits where any of the tbllowing condi- 
tions exist: 

(a) The liquid surface area exceeds 10 t't'-' (1 m'-'); 
(b) Incoming or outgoing work is handled by a con- 

veyor; or 
(c) The tank is equipped with a heating system. 

15-5.4 Hoods. Tanks shall be provided with a noncom- 
bustible hood and vent or other equally ettective means to 
facilitate removal of vapors from the process and to pre- 
vent condensate fi'om torming on roof structures. All such 
vent ducts shall be treated as fines and shall be kept well- 
separated flom combustible roofs or materials. Hoods and 
ducts shall be protected with an approved automatic extin- 
guishing system and shall be located so as not to interfere 
with fire protection facilities tbr the quench tank. 

15-6 P ro tec t ion .  Protect ion r e q u i r e m e n t s  tor open 
quench tanks are included in Chapter 18. 

Chapter  16" Mol ten  Salt Bath E q u i p m e n t  

16-1 General. 

16-1.1 Scope. 

16-1.1.1 This chapter covers molten salt bath furnaces, 
internal salt quench tanks, and associated equipment, Mol- 
ten salt bath furnaces shall include any heated container 
that holds a melt or fusion of one or more relatively stable 
salts used as a fluid medium into which metalwork is 
immersed. 

16-1.1.2 For application of progranm3able controllers, 
see Section 5-3. 

16-1.2 Responsibility. Molten salt bath eqt, ipnlent shall 
be selected properly and operated for a specific process. 

(a) Responsibility tbr selection shall be that of the person 
or agency authorizing the purchase of the equipnmnt and 
that of the nlanul~lcturer supplying the equipment. 

(b) Responsibility tbr observing the operating instruc- 
tions shall be that of the person or agency operating the 
equipment.  

16-2 Location and Construction. 

16-2.1 Location. 

16-2.1.1 An adequate area shall be allocated for the 
installation of each salt bath equipment,  and the zone of 
operation immediately around the bath shall be kept clear 
to prevent congestion and to prevent intel'iierence with 
normal operations. 
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16-2.1.2 Salt bath equ ipmen t  shall be located either 
inside a shallow, cement-lined pit or within a curbed area. 
In either case, the pit or curbed area shall be designed to 
contain the contents of the molten salt in the furnace. 

Exceptim~: Equipment with outer walls co;~structed a~d main- 
tained in a manner to be salt-tight to preve;;t leakage i f  the ironer 
waU fails shall not require curbing. 

16-2.1.3 Salt bath equipment  shall be located so that the 
bath is not exposed to leakage fi'om overhead liquid- 
conveying piping (e.g., service piping, steam piping, sprin- 
Her piping, oil piping), liquid entry through wall openings 
(e.g., windows, air intakes), or anticipated leakage or seep- 
age through the roofs or floors above. Where it is not pos- 
sible to protect against possible liquid leakage entering the 
salt bath because of location, the salt bath shall be provided 
with a noncombustible hood that is designed and installed 
so that leakage into the molten salt is impossible. 

16-2.1.4 Where adjacent equipment  (e.g., oil or water 
quench tanks) are located so that potential splashover 
could expose a molten salt bath, the adjacent equipment  
shall be provided with deflecting baffles or guards to pre- 
vent the splashover from entering tim salt bath. 

16-2.2 Construction. 

16-2.2.1 Molten salt bath equipment  shall be constructed 
of noncombustible materials. 

16-2.2.2 Molten salt bath equipment shall be constructed of 
materials that are resistant to the corrosive action of chemical 
salts at the maximum design operating temperature. 

16-2.2.3 The design of molten salt baths, and the materi- 
als selected tbr their construction, shall minimize the possi- 
ble effiects of explosions, fires, spattering, and leakage, with 
regard t}ar the protection of property and safety to operat- 
ing personnel. 

16-2.2.4 The requirements of Chapter 3 also shall apply 
for the construction of salt bath equipment. 

Exception." As spec!fied in 16-2.1.2, 

16-3 Salts. 

16-3.1 General.  For the purpose of this section, a salt shall 
be considered to be any chemical compound, or mixture of 
componnds, that is t, tilized to form a melt or fluid medium 
into which metal parts are immersed tor processing. 

16-3.2 Storage and Handling. 

16-3.2.1 All salts shall be stored in tightly covered con- 
tainers that are designed to prevent the possible entrance 
of liquids or moisture (most salts are hygroscopic). 

16-3.2.2 All storage and shipping containers shall be 
marked prominently with the identification of the sah 
(or salt mixture) they contain to minimize the possibility of 
accidentally mixing uoncompatible salts. 

16-3.2.3 The supply of nitrate salts shall be stored in a 
separated, fireproof, and dalnp-free room or area located 
away fi'om heat, liquids, and reactive chemicals. This room 
or area shall be secured against entry by unauthorized per- 
sonnel at all times. Only the anmunt  of nitrate salt needed 
shall be removed tiOln the storage room or area that is 
required tbr makeup or full-bath charges. Where nitrate 
salts have been transported to the equipment  area, d3ey 

shall be added to the salt bath immediately. Excess salt 
shall not be permitted in the equipment  area. 

16-3.2.4 The salt bath area shall be kept clear of paper 
sacks or bags to avoid fires. 

16-3.2.5 All restrictions applying to nitrate/nitrite salts 
also shall apply to cyanide salts. 

CAUTION: Mixing of cyanide and nitrate/nitri te 
salts can cause an explosion. 

16-4 Heating Systems. 

16-4.1 General. 

16-4.1.1 For the purpose of this section, the term "salt 
bath heating system" shall include the heating source and 
all associated piping, electrodes, radiant  tubes, and all 
other equipment  or devices to convey the heat safiely to the 
bath that are necessary to create the salt melt or fusion. 

16-4.1.2 The requirements of Chapters 4 and 5 shall 
apply. 

16-4.2 Gas and Oil Heating Systems. 

16-4.2.1 The design of salt bath equipment  shall not per- 
mit direct flame impingement  upon the wall of the salt 
container. 

16-4.2.2 Wherever burner  immersion tubes or radiant 
tubes are used, the design shall prevent any products of 
combustion from entering the salt bath. 

16-4.2.3 All immersion or radiant tubes shall be fabri- 
cated of materials that are resistant to the corrosive action 
of the salt, or salt mixture, being used. 

16-4.2.4 All immersion tubes shall be designed so that the 
tube outlet is above the salt level, and the inlet shall be 
below the salt bath level. The burner  shall be sealed at tube 
entry to prevent salt leakage outside of the bath upon tube 
failure. Wherever the tube inlet or outlet is located below 
the salt level, it shall be sealed to prevent salt leakage out- 
side of the furnace. 

16-4.2.5 The design of molten salt bath equipment  shall 
minimize the potential buildup of sludge and tbreign mate- 
rials that can result in hot spots on immersion tubes. 

16-4.3 Electrical Heating Systems. 

16-4.3.1 Wherever immersed or submerged electrodes 
are used, the design shall prevent the possibility of stray 
current  leakage (which could result in electrolytic corro- 
sion and subsequent perforation of the wall of the salt con- 
tainer), and the electrodes shall he fixed or restrained to 
prevent possible arcing to the sah hath container or metal- 
work in process. 

16-4.3.2 Where internal resistance heating elements are 
used, they shall be fabricated of materials that are resistant 
to the corrosive actiou of the salt, and the salt bath shall be 
designed to prevent sludge huildup on the element that 
can result in damage from hot spots. 

16-4.3.3 Wherever immersed or submerged electrodes or 
internal resistance heating elements are used, they shall be 
positioned in the bath so that all heat transl?er surtaces are 
below the salt level at all times. 
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16-5 Ventilation. 

16-5.1 Hoods. In order  to remove, and appropriately 
control, the emission of heat and toxic (or otherwise dele- 
terious) fumes, molten stilt bath furnaces shall be provided 
with vented hoods that are constructed of noncombustible 
materials that are resistant to the maximum design tem- 
perature of the salt bath and the corrosive action of the salt 
being used. 

16-5.2 Exhaust. 

16-5.2.1 Salt bath fiunace hoods shall be provided with 
exhaust ductwork and a blower (mounted external to the 
hood) tor the continuous evacuation of fumes. 

16-5.2.2 Where necessary for the reduction of pollution 
by exhaust emissions, an air washer, chendcal scrubber, or 
fume destrnctor shall be installed that shall perform the 
required altering of the exhaust without reducing the 
exhaust system effectiveness. 

16-6 Safety Control Equipment. 

16-6.1 General. 

NOTE: Where nitrate salts are being used (regardless of 
the type of heating system), a control system should be pro- 
vided to prevent an excessively rapid heal-tip, thus prevent- 
ing localized overhcaling and ignition of the salt. 

16-6.1.1 Gas- and oil-fired salt bath furnaces shall be pro- 
vided with controls as specified in Chapter 4. 

16-6.1.2 Excess  Temperature  Limit  Controller.  The 
requirements of Section 5-16 shall apply. 

16-6.1.2.1 An excess temperature  limit controller with 
upscale burn-out  protection shall be used on any heating 
unit where it is possible [or the controlled temperature to 
exceed a safe limit. 

16-6.1.2.2 The thermal element of the excess tempe/a- 
ture limit controller shall be suitable tbr the atmosphere to 
which it is exposed. 

16-6.1.2.3 The excess temperature limit controller shall 
be interlocked with the safety circuit to cut off the source of 
heat betbre the sat?e temperature is exceeded and shall 
require ,ha,real reset befi)re start-up of the furnace or 
affected furnace zone. 

16-6.1.2.4 The thermal element of the excess tempera- 
lure limit controller shall be located so it senses the tem- 
perature most critical to sate operation. 

16-6.1.2.5 The operating temperature controller and its 
thermocouple shall not be used as an excess temperature 
limit controller. 

16-6.1.3 All inlmersion-type tentpera ture-sens ing ele- 
ments or devices shall be resistant to damage fiom the 
maximum design temperature and the corrosive action of 
the salt being used. 

16-6.1.4 Salt bath equ ipmen t  shall be provided with 
visual and audible alarms. These alarms shall be inter- 
locked with the satiety control instrumentation.  

16-6.2 Electrically Heated Salt Bath Equipment. 

16-6.2.1 Automatic temperature control of the heating 
system shall be provided. 

NOTE 1: When the sah bath equipment is idled o," when 
not operating, and when a step-switch transfi~rmer is used, 
the lower voltage taps should be used. 

NOTE 2: The current and voltage input should be mea- 
sured for each phase. 

16-6.2.2 If a step-switch t ranstormer is used, a trans- 
former switch interlock shall be provided and shall be 
interlocked to shut off power to the transformer to protect 
against the hazard posed by changing secondary voltage 
taps under  load. 

16-6.2.3 Wherever translormers are cooled by fbt'ced air, a 
traustbrmer airflow switch shall be provided. This airflow 
switch shall be interlocked to open the safety control contac- 
tot" or actuate the shunt trip in the event of loss of airflow. 

16-6.2.4 Wherever water-cooled furnace electrodes are 
used, safety control instrumentation shall be provided to 
detect failure of the cooling-water system and shall be 
interlocked to open the safety control system contactor or 
actuate the shunt trip or undervoltage trip. This instru- 
mentation shall be peHnitted to be a waterflow switch on 
the drain side. 

16-7 Internal Quenching  Salt Tanks. 

16-7.1 General. Wherever a salt tank is utilized |or inter- 
hal quenching in an internal quench furnace, the require- 
ments of this section shall apply in addition to the require- 
ments of Chapter 15. This chapter covers all three types of 
furnaces shown in Figure 16-7.1 : 

(a) Tvpe SI. Dunk-type elevator quench. 

(b) Type SII. Dunk-type elevator quench with under-  
salt transfer. 

(c) Type Sill. Bottom chute-type quench. 

16-7.2 Safety Control Equipment- -Type  Sl and Type SII, 

16-7.2.1 The composition of the atmosphere in the tur- 
nace shall be controlled and monitored by a reliable means 
to prevent fiee carbon origir, ating in the furnace atmo- 
sphere flom being transferred into the quench tank. 

NOTE: Free carbon in contact wilh nitrate salt is hazardous. 

16-7.2.2 Adequate circulation shall be provided to ensure 
that the naaximum temperature of the salt in contact with 
the hot work is below the decomposition temperature of 
the sah as specified by the salt ma,m[hcturer by a minimum 
of 200°F (11 I°C). 

16-7.2.3 A means shall be provided to ensure that salt 
cannot enter the heating chamber by capillary action on 
the side wall of the chute or tank. 

16-7.2.4 Condensat ion and freezing of the salt at the 
atmosphere interface shall be prevented by: 

(a) Insulating or heating the stilt fill to maintain a tem- 
perature above the freezing point of the salt (see Figure 
16-7.1). 

(b) Insulating the vestibule to maintain the temperature 
above the fi'eezing point of the salt. (See Figure 16-7.1.) 

16-7.2.5 The design shall be such that horizontal shelves 
or ledges are minimized to prevent carbon, stilt, or partic- 
ulates flom accunaulating. 
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Figure 16-7.1 Examples of integral quench tanks. 

16-7.2.6 Each transfler chamber and discharge vestibule 
shall be provided with a separate atmosphere vent(s). The 
vent(s) shall be located so that the operators are not 
exposed to injury upon pressure relief A pilot shall be 
provided at the vent outlets to ignite vented gases. 

NOTE: The quench chalnber and discha,'ge vestibule are 
identical lbr Type SI turnaces. 

16-7.2.7 In addition to the vent(s) required in 16-7.2.6, a 
pressure-relief device shall be provided tbr the quench 
chamber in order to: 

(a) Keep the in ternal  pressure from exceeding the 
design limits of the equipment;  and 

(b) Prevent salt overflow fi'om the fill chute. 

NOTE: Some quenching methods can result in a pressure 
rise in the space above the mohen sah. This pressure 
increase should be nfinimized. 

16-7.3 Safety Control Equipment--Type SIII. 

16-7.3.1 The composition of the atmosphere in the fur- 
nace shall be coutrolled and monitored by a reliable means 
to prevent fi'ee carbon originating in the furnace atmo- 
sphere from being transferred into the quench tank. 

NOTE: Free carbon in contact with uitratc salt is hazardous. 
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16-7.3.2 Adequate circulation shall be provided to ensure 
that the maximuna temperature of the salt in contact with 
the hot work is below the decomposition temperature of 
the salt as specified by the salt manufacturer  by a minimum 
of 200°F (111°C). 

16-7.3.3 Circulation of the liquid in the chute shall be 
provided to ensure that the salt does not become stagnant 
at the liquid surface. 

16-7.3.4 A means shall be provided to ensure that salt 
cannot enter the heating chamber by capillary action on 
the side wall of the chute or tank. 

16-7.3.5 Condensation and freezing of the salt at the liq- 
uid surt<ace shall be prevented by heating or insulating the 
quench chute and salt fill to ntaintain a temperature above 
the [ieezing point of the salt. 

16-7.3.6 The design shall be such that horizontal shelves 
or ledges are minimized to prevent carbon, salts, or partic- 
ulates fi'om accumulating. 

16-7.4 High Temperature Salt Bath Quench Tanks. Salt 
bath quench tanks that operate between 700°F and 1300°F 
(371°C and 704°C) shall utilize salts, or salt ntixtures, that 
are chemically and physically stable at the operating tem- 
peratures and are nonreactive to the furnace atmospheres. 

16-7.5 Low Temperature Salt Quench Tanks. Salt 
quench tanks opera t ing  at 350°F to 750°F (177°C to 
399°C), and utilizing a combination of sodium or potas- 
sium nitrites and nitrates in conjunction with a combustible 
atmosphere above all or part of the salt quench surface, 
shall be designed to provide adequate circulation of salt in 
the area in which hot parts enter to prevent temperature 
rise on the surMce of the salt. 

16-8 Cooling. Internal water-cooled coils and jackets shall 
not be used. The salt bath shall be cooled by natural means 
(i.e., direct radiation and conduction to the ambient sur- 
roundings). If these means are insuffmient to maintain opel'- 
ating temperatures, then torced cooling shall be promoted by 
several proven means, using air as the cooling medinm. 

16-9" Operator Precautions. 

16-9.1 Each mohen salt bath operator shall be trained 
thoroughly, as specified in Section 1-5. Only trained, qual- 
ified operators shall be permitted to operate or service 
mohen salt bath furnaces. 

16-9.2 Each mohen salt bath installation shall be fur- 
nished with a prominently displayed wall chart, which shall 
be supplied by the salt manufacturer.  This sign shall state 
which sah or sah mixtures shall be used and shall identify 
the maximum design operating temperature. 

16-9.3 A complete operation and service manual shall be 
available at each salt bath furnace, and the operator shall 
have access to the operation manual at all times. 

16-9.4 Since emergency procedures are not utilized on a 
daily basis, all emergency procedures shall be reviewed 
with the operators on a regular schedule. 

16-10 Precautions. 

16-10.1 All items such as fixtures, tools, baskets, and parts 
that are to be immersed in a mohen salt bath shall be made 
of solid bar materials and shall be completely dry. 

16-10.2 No attempt shall be made to break fi'eezing crust 
manually while the furnace is in operation, htstead, the 
temperature Of the bath shall be raised gradually until the 
crust melts. The bath temperature shall not exceed the 
maximum design operating temperature at any time. 

NOTE 1: In deep, pot-type, molten sail equipment, provi- 
sions should be made tbr keeping the upper burners lh'ed 
until molten salt equipment is inched belbre firing tim bot- 

" t O l ] l  b u r l l e l ' .  

NOTE 2: In shallow, pot-type, mohen sah equipment, a 
solid rod or open cylinder tube should be placed in Ihe pot 
when the pot is not being used in order to conducl heat 
from the bottom of the pot. This provides an opening in the 
crust and avoids erupti,ms. 

16-10.3 All salt bath covers shall be in the closed position 
whenever the equipment  is not in use or is being idled over 
prolonged periods. 

16-10.4 All public fire depar tment  and plant emergency 
organizations that respond to fires and explosions within 
the plant shall.be familiar with the nature of the chentical 
salts being used, the location and operation of each molten 
salt bath, and the extinguishing and control methods that 
can be employed safely. 

Chapter 17 Inspection, Testing, and Maintenance 

17-1 Responsibility of the Manufacturer and the User. 
The  eq t l ipmen t  m a n u f a c t u r e r  shall i n lb rm the user 
regarding the need for adequate operational checks and 
maintenance and shall provide complete and clear inspec- 
tion, testing, and main tenance  instructions.  The final 
responsihility tbr establishing an inspection, testing, and 
maintenance program that ensures that the equipment  is 
in proper working order shall be that of the user. (See 
Appe;zdix B.) 

NOTE: An essential safety aid is an established mainte- 
nance program tha t  e n s u r e s  tha t  the  cquipmenl is in 
proper working order. 

17-2" Equipment Entry. The user's operat ional  and 
maintenance program shall include procedures that apply 
to the proper entry of the specific equipment. 

17,3 Checklist. The user's operational and maintenance 
program shall include all procedures that apply to the spe- 
cific equipment. An operational maintenance checklist shall 
be maintained and is essential to safe operation of the 
equipment.  (See Appendix B.) 

NOTE: The tlser should review recommendations from 
the insurance underwriter and the equipment supplier and, 
where applicable, should include these recommendations in 
the maintenance program. 

Chapter 18 Fire Protection 

18-1 Sprinklers, Water Spray, and Special Extinguishing 
Systems. 

18-1.1 General. Furnaces can present fire hazards to the 
surrounding area in which they are installed. Fixed fire 
extinguishing systems shall 'be provided to protect against 
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such hazards as overheating, spillage of molten salts or 
metals, quench tanks, ignition of hydraulic oil, and escape 
of fnel. This chapter is not intended to specify the design 
of fire protection systems or cover all fire hazards. It shall 
be the responsibility of the user to consult with the author- 
ity having jurisdiction concerning the necessary require- 
ments tbr such protection as outlined elsewhere in this 
chapter. 

Exceptim~: The integral furnace quench vestibule shall not be 
requ.ired to be equipped with a fixed extinguishi~lg system. 

18-1.2 Subject to the authority having jurisdiction, one 
or more of the tbllowing protection features shall be imple- 
men ted: 

(a) Spril~klers. Roof level automatic sprinkler protection 
installed in accordance with NFPA 13, StmMard for the 
h~stallatim~ of Spri'nkler Systems. 

(b) Hoods. Automatic sprinkler  protection provided 
under  all hoods in areas having roof level sprinkler protec- 
tion. Sprinklers under  these hoods shall be of extra high- 
temperature rating [325°F to 650°F (163°C to 343°C)] to 
avoid premature operation from localized flashing. 

(c) Water Spray. Automatic water spray systems in 
accordance with NFPA 15, SlmMaM for Water Spray Fixed 
Systems for Fire Protectim~, to protect the quench oil tank(s) 
and the sur rounding  areas. 

(d) Carbmt Dioxide. Automatic carbon dioxide protec- 
tion systems in accordance with NFPA 12, StmMard o~ Car- 
bon Dioxide Extinguishing Systems. 

(e) Dry, Chemical. Automatic dry chemical systems in 
accordm~ce with N FPA 17, StandaM for Drr Chemical Extin- 
guishh~g Systems. 

NOTE: Consideration should be given to the possibility 
thal water [i'om a !ixed protection system cotdd come ill 
contact with molten salt systems. Appropriate shielding of 
mohen sah sys[ems f]'onl water contact should be provided. 

(t) Automatic-Closing Process Tank Covers. Antomatic- 
closing process tank covers for open tanks under  150 gal 
(570 L) in capacity or 10 ft e (1 m'-') ill liquid surface area. 
Automatic-closing process tank covers shall be actuated by 
approved automatic devices and also shall be arranged for 
manual operation. 

18-1.3 Fixed temperattn'e actuation devices tbr automatic 
carbon dioxide or dry chemical systems shall be rated at 
least one. temperature rating lower than the temperature 
rating of the water sprinklers over the quench tank. 

18-2 Portable Protection Equipment. 

18-2.1 Extinguishers.  Approved portable extinguishing 
equipment  shall be provided near the furnace and related 
equipment.  Such installations shall be in accordance with 
NFPA 10, Standard for Portalde Fire Exti,~guishe~s. 

18-2.2 In s ide  H o s e  Connec t ions .  Where small hose 
streams are required, they shall be installed in accordance 
with NFPA 13, Standard for the h~stallotim~ of Sprinkler S~'s- 
terns, or NFPA 14, Sta,dard for the 4,stallatim~ of Sta,Mp)pe 
and Hose Svslems. 

C h a p t e r  19 R e f e r e n c e d  P u b l i c a t i o n s  

19-1 The fbllowing documents or portions thereof  are 
referenced within this standard and shall be considered 
part of the requirements of this document.  The edition 
indicated for each reference is the current  edition as of the 
date of the NFPA issuance of this document. 

19-1.1 NFPA Publ icat ions .  National Fire Protection 
Association, 1 Batterymarch Park, P.O. Box 9101, Quincy, 
MA 02269-9101. 

N FPA 10, Sta~Mard for Portable Fire ExtmguL~hers, 1994 
edition. 

NFPA 12, Standard on Carbon Dioxide Extinguishing Sys- 
tems, 1993 edition. 

N F PA 13, Standard for the lnstallatio~ of Sprinkler Systems, 
1994 edition. 

NFPA 14, StmMard for the hlstallatio~ of Standpipe a~ld 
Hose Systems, 1993 edition. 

NFPA 15, Sta~Mard for Water Spray Fixed Systems for Fire 
Protectim~, 1990 edition. 

N FPA 17, StmMard for D U Chemical Extinguishing Systems, 
1994 edition. 

NFPA 30, Flammable a~d Combustible Liquids Code, 19'93 
edition. 

NFPA 31, Standard for the hlslallatio~ of Oil-BurniT1g 
Equipment, 1992 edition. 

N FPA 34, StmMardfor Dipping a.t~d Coating Processes Using 
Flammable or Combustible Liquids, 1995 edition. 

NFPA 50, Standard for Bulk Oxyge~ Systems at Comumer 
Sites, 1990 edition. 

N FPA 50A, SlmMard for Gaseous Hydrogen Systems at Con- 
sumer Sites, 1994 edition. 

NFPA 50B, StmMard for Liquefied Hydroge~ Systems at Con- 
sumer Sites, 1994 edition. 

NFPA 54, Natimml Fuel Gas Code, 1992 edition. 

NFPA 58, Sta,dard for the Storage and Ha~dli~g of Lique- 
.fled Petroleum Gases, 1995 edition. .. 

NFPA 70, Na/imtal Electrical Code, 1996 edition. 

NFPA 79, Electrical Standard for Industrial Machinery, 
1994 edition. 

NFPA 86, Standard for Ovens mM Furnaces, 1995 edition. 

N FPA 86D, StmMardfor hMustrial Furnaces Using Vacuum 
as a~ Atmosphere, 1995 edition. 

N FPA 91, Sta~Mardfor Exhaust Systems for Air Conve~,mg of 
Materials, 1995 edition. 

19-1,2 Other Publications, 

19-1.2.1 ANSI Publicat ions.  American National Stan- 
dards Institute, 1430 Broadway, New York, NY 10018. 

ANSI AI 4.3, Safety Reqtdreme~its for Fixed Ladde~:~, 1992. 

ANSI B31.1, Power Pipi~g, 1992. 

ANSI B31.3, Chemical Plm~t and Petroleum Re.fll~eQ' Piping, 
1993. 

19-1 .2 .2  ASME P u b l i c a t i o n .  A m e r i c a n  Society of 
Mechanical Engineers, 345 East 47th Street, New York, 
NY: 10017. 

ASME Boih, r :rod Pressure Vessel Code, 1992. 
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19-1.2.3 ASTM Publication. American Society for Test- 
ing and Materials, 1916 Race Street, Philadelphia, PA 
19103. 

ASTM D396, Standard Specifications for Fuel Oils, 1992. 

19-1.2.4 U.S. Government Publications. Super intendent  
of Documents, U.S. Government  Printing Office, Washing- 
ton, DC 20402. 

Code of Federal Regulations, Title 29, Part 1910.24 

Code of Federal Regulations, Title 29, Part 1910.25 

Code of Federal Regulations, Title 29, Part 1910.26 

Code of Federal Regulations, Title 29, Part 1910.27 

Code of Federal Regulations, Title 29, Part 1910.28 

Code of Federal Regulations, Title 29, Part 1910.29 

Appendix A Explanatory Material 

This Appendix is not a part of the requirements of this NFPA document 
but is included for infmvmtional proposes only. 

A-l-4 Figures A-1-4(a) through (d) relate to Section 1-4. 

A-2-1 Heating System, Direct-Fired. 

Heater: Direct-Fired, External, Nonrecirculating. A 
direct-fired, external heater arranged so that products of 
combustion are discharged into the oven chamber without 
any return or recirculation from the oven chamber. [See 
Figure A-2-1(a).] 

Heater: Direct-Fired, External, Recirculating through. 
A direct-fired, external heater arranged so that oven atmo- 
sphere is recirculated to the oven heater and is in contact 
with the burner  fame.  [See Figure A-2-1(b).] 

Heater: Direct-Fired, Internal, Nonrecirculating. A 
combustion chamber of a xecirculating oven heater that 
may be permitted to be built within an oven chamber not 
substantially separated fi'om the oven a tmosphere  by 
gastight construction. 

Heater: Direct-Fired, External, Recirculating, Not 
through. A heating system constructed so that the oven 
atmosphere circulates through a blower with products of 
combustion admitted to the recirculating ductwork, but 
without the oven atmosphere actually passing through the 
combustion chamber. [See Figure A-2-1 (c).] 

A-3-1.4.2 The iollowing procedure should be followed if 
the furnace is located in contact with a wood floor or other 
combustible floor and the operating temperature is above 
160°F (71°C): 

Combustible floor members should be removed and 
replaced with a monolithic concrete slab that extends a 
min imum of 3 ft (l m) beyond the outer extremities of the 
furnace. 

Air channels, either naturally or mechanically ventilated, 
should be provided between the floor and the equipment  
(perpendiculm to the axis of the equipment  or noncom- 
bustible insulation, or both). This should be adequate to 
prevent  surface tempera tures  of floor members  from 
exceeding 160°F (71 °C). 

A-3-2.11 Fuel-fired or electric heaters should not be 
located directly under  the product  being heated where 
colnbustible materials could drop and accumulate. Neither 

should they be located directly over readily ignitible mate- 
rials such as cotton unless for a control led exposure  
period, as in continuous processes where additional auto- 
matic provisions or arrangements of guard baffles, or both, 
preclude the possibility of ignition. 

A-4-2.1.1 Ignition temperature means the lowest temper- 
ature at which a gas-air mixture can ignite and continue to 
burn.  This is also referred to as the autoignition tempera- 
ture. Where burners  supplied with a gas-air mixture in the 
flammable range are heated above the autoignition tem- 
perature, flashbacks can occur. In general, such tempera- 
tures range from 870°F to 130°F (465°C to 54°C). A much 
higher temperature is needed to ignite gas dependably. 

Flame Propagation and Explosive Range. The term "rate 
of flame propagation" means the speed at which a flame 
progresses through a combustible gas-air mixture under  
the pressure, temperature,  and mixture conditions existing 
in the combustion space, burner ,  or piping under  consid- 
eration. (See Figure A-4-2.1.1 and Table A-4-2.1.1.) 

A-4-2.4.3 Whenever the fuel train is opened for service, 
the risk of dirt entry exists. It is not required that existing 
piping be opened for the sole purpose of the addition of a 
filter or strainer. 

A-4-2.6.3.1 Two basic methods generally are used. One 
uses a separate fire check at each burner ,  the other a fire 
check at each group of burners.  The second method gen- 
erally is more practical if a system consists of many closely 
spaced burners.  

A-4-2.6.3.3 Acceptable safety blowouts are available from 
some manufacturers of air-fuel mixing machines. They 
incorporate the following components and design features: 

(a) A flame arrester; 
(b) A blowout disk; and 
(c) Provision tor automatically shutting off the supply of 

air-gas mixture to the burners  in the event of a fashback 
passing through an automatic fire check. 

A-4-3.1.1 In the design and use of oil-fired units, the fol- 
lowing should be considered: 

(a) Unlike fuel gases, data on many important  physical/ 
chemical characteristics are not available for fuel oil, which, 
being a complex mixture of hydrocarbons, is relatively 
unpredictable. 

(b) Fuel oil has to be vaporized prior to combustion. 
Heat generated by the combustion commonly is utilized for 
this purpose, and oil remains in the vapor phase as long as 
sutficient temperature is present. Under  these conditions, 
oil vapor can be treated as fuel gas. 

(c) Unlike fuel gas, oil vapor condenses into liquid when 
the temperature talls too low and revaporizes whenever 
the temperature rises to an indeterminate point. There- 
tore, oil in a cold furnace can lead to a hazardous condi- 
tion, since, unlike fuel gas, it cannot be purged. Oil can 
vaporize (to become a gas) when, or because, the furnace 
operating temperature is reached. 

(d) Unlike water, fox example, there is no known estab- 
lished relationship between temperature and vapor pressure 
for fuel oil. Fox- purposes of comparison, a gallon of fuel oil 
is equivalent to 140 t't :~ (4.0 m :~) of natural gas; therefore, 1 oz 
(0.03 kg) equals approximately 1 t't :~ (0.03 m:~). 
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MFR'S. JOB OR CONTRACT NO. 
I DATE I 

PART A -  PLANS 

SHEET 1 OF 2 

NAME OF CUSTOMER (name df owner) 

ADDRESS (St. & No.) 

NAME OF MANUFACTURER 

CITY STATE 

ADDRESS (St. & No.) 

DRAWINGS SUBMITTED, NOS. 

CITY STATE 

NO. OF SETS 

INSTALLA- 

TION 

RATED HEAT 
INPUT 

SIZE 
(EXTERNAL IN FT) 

TYPE 
BATCH [ ]  CONTINUOUS [ ]  

CONSISTS OF 

! 
'LENGTH 

BTU'S/HR [ ]  GAS BTU'S/CU. FT [ ]  FUEL OIL NO. GALS/HR [ ]  ELECTRIC 

WIDTH HEIGHT 

KW 

NO. OF FLOOR OR STORY 

] SEPARATE EXCESS TEMPERATURE 
NO [ ]  / LIMIT SWITCH SHUTS OFF HEAT YES [ ]  

OPERATING TEMP. 

LOCATION OF BLDG. NO. OR NAME 
E Q U I P M E N T  / 

IACCESSlBLE IN EVENT OF FIRE FUEL 
SHUT-OFF /i YES [ ]  NO [ ]  °F 

FIRE 
PROTECTION [ ]  NONE [ ]  SPRINKLERsAUTOMATIC [ ]  OPENsPRINKLERS [ ]  WATERAUTOMATICsPRAY [ ]  AUTOMATICFIxED FOAM 

O F O I L  
Q U E N C H  [ ]  IFOTHER, OESCRIBE 

TANK 
HEAT TREATING METALS 

TYPE OF [ ]  WITH SPECIAL FLAMMABLE ATMOSPHERE [ ]  WITH SPECIAL INERTATMOSPHERE 
WORK 

IF OTHER, DESCRIBE 

SET FOR 

INTERNAL INTERNAL EXTERNAL 
DIRECT FIRED [ ]  DIRECT FIRED [ ]  EXTERNAL 

[ ]  NONRECIRCULATINGDIRECT FIRED [ ]  RECIRCULATING RECIRCULATING INDIRECT FIRED 

TYPE OF ELECTRIC HEATING ELEMENTS AND LOCATION 

HEATING 

A R R A N G E -  

MENT NO. OF MAIN BURNERS NO. OF PILOT BURNERS 

M E T H O D  OF PORTABLE FIXED PILOT OIL 
L IGHTING OFF I I . I I IGNITOR TORCH [ ]  [ ]  [ ]  [ ]  GAS SPARK 

METHOD [ ]  HbLOW [ ]  MODULATING [ ]  ON-OFF [ ]  CONTINUOUS 
OF FIRING 

NO. OF MAIN BURNER HIGH [ ]  GAS ,NSP,RATORS [ ]  ZERO GOVERNOR [ ]  ATMOSPHER,C [ ]  PRESSURE LJ LOW [ ]  OTHER 
TYPE INSPIRATOR 1.0 PSIG OR OVER PRESSURE 

MIXER NO. OF PILOT HIGH INSPIRATORS [] ZERO-GOVERNOR [] ATMOSPHERIC I~ PRESSURE I I LOW [] OTHER 
TYPE INSPIRATOR ~ 1.0 PSIG OR OVER~ PRESSURE 

TYPE 
[ ]  OIL [ ]  AIR (16-32 OZ) ATOMIZING [ ]  ROSS OR DRY SYSTEM [ ]  OTHER 

AIR ATOMIZING 

IF OTHER, DESCRIBE (MFR. & TYPE) 

Printed in U S.A. 

Figure A-l.4(a) Sample furnace or oven manufacturer 's  applicat ion for acceptance. 
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86C-66 INDUSTRIAL FURNACES USING A SIJECIAL PROCESSING ATMOSPHERE 

SHEET 2 OF 2 

PROTECTION 

AGAINST 

FUEL  

E X P L O S I O N  

P R O T E C T I O N  

A G A I N S T  

S P E C I A L  

A T M O S P H E R E  

E X P L O S I O N  

PART AACCEPTED 

BY 

OPENINGS INTO ROOM 
[ ]  TOP [ ]  BOTTOM 

NO FUEL & IGNITION UNTIL: TIMER SETTING [ ]  DOORS 
WIDE OPEN O ~ TIMED PREVENTILATION BY 

(~ I I EXH, & RECIRCULATING FANS MIN. 
z PILOT-FLAME ESTABLISHING TRIAL-FOR-IGNITION PERIOD 
~- PER,ODAUTOMAT.OALLYL,M,TED AUTOMAT,CALLYL,.,TED 
--~ [ ]  YES [ ]  NO SEC. [ ]  YES [ ]  NO 

MFR. & TYPE NO. OF F.M COCKS AND TIMER COMB. AIR BLOWER CANNOT BE 
] STARTED UNTIL END OF 

PREVENT. (IF TIMER USED) 

] BURNER (FM.) [ ]  MEANS PROVIDED FOR 
COCKS CLOSED CHECK OF MAIN SAFETY 

SHUT-OFF VALVE TIGHTNESS 
OIL TEMP. INTERLOC~_~ I PROVED LOW- 
[~]  YES NO FIRE INTERLOCK 

SEC., SET FOR °F [ ]  YES [ ]  NO 
COMB. SAFEGUARD PROVES PILOT 
] BEFORE MAIN SAFETY SHUT- 

OFF VALVE OPENS 
HEAT CUTOFF AUTOMATICALLY, REOU,R,NG MANUAL OPERATION TO RESTORE, ON FAILURE OF 
F"--} COMBUSTION [ ]  RECIRCULATING ~ EXHAUST [ q  FUEL r q  

FLAME 
A,R FAN ' ' FAN ~ PRESSURE {combustion safe£luard) 

E~ ROD OR SCANNER LOCATION ENSURES MANDATORY PURGE AFTER FLAME FAILURE 
PILOT IGNITES MAIN FLAME [ ]  ~ES [ ]  NO 

MA,N SAFETY S.UT-OFF VALVE ,PS. ,N. P,LOT SAFETY SHUT-OFF VALVE ,PS. ,N. 
d ~ z  

COMBUSTION SAFEGUARD 

ATMOSPHERE FIRST TURNED ON INTO: 

PRESSURESWITCHES 

] HEATED WORK SECTION 

AUTOMATIC FIRE CHECKS 

] COOLING SECTION 

IF COOLING SECTION. EXPLAIN HOW HAZARD AVOIDED 

TEMPERATURE OF THIS SECTION 
WHEN ATMOSPHERE TURNED ON 

SHUT-OFF [ ]  

OF oF 

PRECAUTIONS WHEN TURNING ON 
AND SHUTFING OFF ATMOSPHERE [ ]  INERT GAS [ ]  "BURN- [ ]  NO IGNITION SOURCE,WHILE FURNACE 

PURGE OUT" ATMOSPHERE EXPLOSIVE 

IF LATTER CASE, CHECK FOR 
NONEXPLOSIVE ATMOSPHERE IS BY [ ]  ANALYzERGAS ] I ~  BURNING TEST [ ]  TIME-VOLUME [ ]  NONE SAMPLE MEASURE 

ATMOSPHEREINTERLOCKED WITH 
FURNACETEMPERATURE CONTROLLER 

~a: MANUFACTURER AND TYPE | [ ]  ATMOSPHERE GENERATOR OUTPUT 
~LuO 1 VENTED TO OUTDOORS UNTIL 
;~a_~ GENERATOR BURNER STABLE 
LU~uj a_Oz ALARM AND AUTOMATIC LOCKOUT OF FUEL ATMOSPHERE 
co~ ~ & COMBUSTION AIR IF FAILURE OF: [ ]  FUEL [ ]  COMBUSTION ~(,.0 AIR [ ]  POWER [ ]  FLAME [ ]  TEMPERATURE 

AT GENERATOR 
SAFETY SHUT-OFF VALVES 

u-o. ~ TEMPERATURE 
SWITCHES 

] AS SUBMI]7"ED 

PRESSURE SWITCHES 

COMBUSTION SAFEGUARDS 

[ ~  SUBJECT TO ANY CHANGES INDICATED ~ DATE 

PART B - -  M A N U F A C T U R E R ' S  I N S P E C T I O N  & T E S T  (completed installation) 

B U R N E R S  

S A F E T Y  
C O N T R O L S  

I N S T R U C T I O N :  

S I G N A T U R E S  

] LIGHTED [ ]  MIXERS ADJ. FOR STABLE" ADJUSTED [ ]  TEMP. CONTROL SET [ ]  LOW FLAME 

]ADJUSTED 

]CUSTOMER'S OPERATOR 
INSTRUCTED 

MFRS, FIELD REP 

] TESTED FOR PROPER RESPONSE 

]PR INTED OPERATING 
INSTRUCTIONS LEFT 

]APPLICATION FOR ACCEPTANCE 
POSTED ON CONTROL PANEL 

TEST WITNESSED BY DATE 

FORCUSTOMER 
PART B ACCEPTED 

BY 

] AS SUBMITTED ' ~  SUBJECT TO ANY CHANGES INDICATED DATE 

PART C - -  F IELD E X A M I N A T I O N  OF C O M P L E T E D  INSTALLATION 

] P A R T  A 
CHECKED 

NSTALLAT ON ACCEPTABLE BY 

ROD OR SCANNER LOCATION 
] ASSURES PILOT IGNITES 

MAIN FLAME 
] PART B CHECKED [ ]  SAFETYCONTROLS TESTED 

DATE 

Figure A-l-4(b) Sample furnace or oven manufacturer's application for acceptance. 

Printed in U. S. A. 
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APPENDIX A 8 6 C - 6 7  

MFR'S. JOB OR CONTRACT NO. 
I DATE I 

SHEET 1 of 2 

PART A - -  PLANS 
NAME & ADDRESS OF CUSTOMER (OWNER) 

DRAWINGS SUBMITrED, NOS. 

NAME & ADDRESS OF MANUFACTURER 

ERECTION & ADJUSTMENTS (SEE PART B) BY: 

INSTALLATION 

[ ]  MANUFACTURER [ ]  CUSTOMER I IF OTHER, DESCRIBE 

SAFETV VENTILATION AIR FLOW TESTS (SEE PART B) IF OTHER, DESCRIBE 
TO BE MADEAFTER I-"-I MANUFACTURER ~ CUSTOMER 
ERECTION BY: 
TYPE I---] BATCH I~1 CONT NUOUS TYPE NO. OR OTHER INFORMATION 

i i i i 

I---i SHEET-STEEL ON STEEL FRAME IF OTHER, DESCRIBE 
I I NON-COMBUSTIBLE INSULATION 

[ ]  GAS BTU'S/HR I [ ]  FUELOILNO. GALS/HR [ ]  ELECTRIC 

LENGTH (External) FT WIDTH (External) FT HEIGHT (E_xternal) FT VOLUME (Internal) 

BLDG. NO. OR NAME 

AIR SPACE BETWEEN OVEN 
& WOOD FLOOR 

CON- 
STRUCTION 
RATED HEAT 

INPUT 

SIZE 

LOCATION 

OF 

EQUIPMENT 

EXPLOSION 
VENTING 

AREA 

FUEL 

AIR SPACE BETWEEN STACKS, 
DUCTS, & WOOD 
BLDG CONST. 

OF 

WORK 

NO. OF SETS 

KW [ ]  STEAM 

CU. FT" OPERATING TEMP. 

BUILDING FLOOR CONSTRUCTION AND NO. OF FLOOR OR STORY 

IF OTHER, DESCRIBE 

IN. IF OTHER, DESCRIBE 

IN' IMETAL GAUGE (USS I I NO" OF CLEANOUT 
[ ]  INSULATED (ACCESS) DOORS 

LOOSE ROOF PANELS FT ACCESS DOORS WITH " " EXPLOSION LATCHES 
SQ. FT SQ. FT 

TOTAL AREA VENT VENT AREA 
SQ. RATIO INTERNAL VOLUME 

PRESS, psig 

o F 

EXHAUST STACKS DIAM. OR SIZE IN 

OPEN ENDS 

MANUFACTURER ANDTYPELATCH 

ACCESSIBLE IN EVENT OF FIRE 

SQ. FT 

SHUT-OFF [ ]  YES [] NO 

FIRE [] NONE [] AUTOMAT,C [] OPEN DRAWINGS SUBMITTED 
SPRINKLERS SPRINKLERS [ ]  CO2 [ ]  STEAM [ ]  YES [ ]  NO 

PROTECTION I 

IN OVEN [ ]  OTHER(DESCRIBE) I [ ]  SEPARATE EXCESS TEMPERATURE SET FOR 
LIMIT SWITCH WITH MANUAL RESET o F 

FIRE DRAWINGS SUBMITTED I FIXED AUTO. CO 2 
I 

PROTECTION [ ]  YES [ ]  NO [ ]  YES " [ ]  NO [ ]  OTHER (DESCRIBE) 

FOR DIP OVERFLOW VALVES SALVAGE TANK IS HEAT SHUT OFF AUTOMATICALLY ON FAILURE OF CONVEYOR TANK & [ ]  YES [ ]  NO DUMPVALVES • 
D R A I N B O A R D  [ ]  YES [ ]  NO [ ]  YES [ ]  NO [ ]  YES [ ]  NO 

IMPREGNATED-COATED ABSORBENT MATERIAL 
TYPE [ ]  PAPER [ ]  CLOTH [ ]  LITHOGRAPHcoATING [ ]  ELECT. COILsVARNISH [ ]  GRAVUREpRESS [ ]  FOOD [ ]  CORES BAKING OR MOLDS 

;OLVENTS EN- 
TERING OVEN 

DESIGNED 

SAFETY 

VENTILATION 

METAL SPRAYED [--]D,PPED [ ]  FLOWCOATED [ ]  [ ]  OTHER(DESOR,BE) 
NAME OF SOLVENT USED LENGTH OF BAKE MAX. SOLVENT FOR WHICH OVEN DESIGNED 

MIN. CONTINUOUS GALS/HR BATCH GALS/BATCH 
ARRANGEMENT OPENINGS, FILTERS ON FRESH AIR INTAKE 

] SEPARATE CENTRI- RECIRCULATING NATURAL 
FUGAL EXHAUSTER [ ]  FAN W~TH SPILL [ ]  [ ]  INTO DRAFT STACK [ ]  YES [ ]  NO ROOM 

FRESH AIR ADMITTED OPENING WITH DAMPER CLOSED DOES CONVEYOR STOP AUTOMATICALLY ON FAILURE OF SAFETY 
INTO OVEN CFM EXHAUST FANS [ ]  YES [ ]  NO 
REFERRED TO 70 ° F FRESH AIR INLET % EXHAUST OUTLET % 
FAN MFR. SIZE, TYPE WHEEL DESIGN (BLADE TIP) DIAM. TIP SPEED 

I---I RADIAL BACKWARD FORWARD 
TIP [ ]  INCLINED [ ]  CURVED IN, FT/MIN. 

Printed in U.S.A. 

Figure A-l-4(c) Sample furnace  or oven manufac tu re r ' s  appl icat ion for acceptance.  
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86C-68 INDUSTRIAL FURNACES USING A SPECIAL PROCESSING ATMOSPHERE 

SHEET 2 OF 2 

r~l  INTERNAL DIRECT FIRED INTERNAL DIRECT FIRED EXTERNAL DIRECT EXTERNAL 
NONRECIRCULATING [ ]  RECIRCULATING [ ]  [ ]  I I FIRED RECIRCULATING INDIRECT FIRED 

HEATING [ ]  OTHER (DESCRIBE) 

TYPE OF ELECTRIC HEATING ELEMENTS AND LOCATION 
ARRANGE- 

MENT NO. OF MAIN BURNERS NO, OF PILOT BURNERS CAN DRIPPINGS~r._I YEsOFF WORK FALL ON~r...,_IHEATINGNoELEMENTS 

METHOD OF PORTABLE LIGHTING OFF [ ]  TORCH [ ]  FIXED [ ]  PILOT [ ]  OIL [ ]  GAS [ ]  SPARK IGNITOR 

[ ]  HI-LOW [ ]  MODULATING [ ]  AUTOMATIC-LIGHTED 
METHOD OF ON-OFF [ ]  CONTINUOUS [ ]  MANUAL-LIGHTED [ ]  [ ]  SEMI-AUTOMATIC-LIGHTED 

"r~E OF PILOT 
FIRING L._I CONTINUOUS [ ]  INTERRUPTED [ ]  INTERMITTENT [ ]  OTHER(DESCRIBE) 

MIXER 

TYPE 

PROTECTION 

AGAINST 

FUEL 

EXPLOSION 

MANU- 
FACTURER 
& TYPE NO. 

NO. MAIN BURNER I'---I ATMOSPHERIC HIGH LOW INSPIRATORS [ ]  ZERO-GOVERNOR TYPE I I INSPIRATOR [ ]  [ ]  PRESSURE PRESSURE 

[ ]  GAS NO. PILOT [ ]  ZERO-GOVERNOR [ ]  ATMOSPHERIC [ ]  HIGH [ ]  LOW 
INSPIRATORS TYPE INSPIRATOR PRESSURE PRESSURE 

[ ]  OIL [ ]  AIR (16-32 OZ.) ATOMIZING 

OTHER TYPE MIXERS OR OIL BURNERS INCLUDING PILOTS (MFR. & TYPE) 
] OTHER 

NO FUELAND IGNITION UNTIL: TIMER SE'FrlNG J ~ BURNER F.M) J MEANS PROVIDED FOR 
[ ~  TIMED PREVENTILATION BY MIN. [ ]  DOORS WIDE I L...J COCKS CLOSED [ ]  CHECK OF MAIN SAFETY 

EXHAUST AND RECIRC. FANS OPEN SHUT-OFF VALVE TIGHTNESS 
PILOT-FLAME-ESTABLISHING TRIAL-FOR-IGNITION PERIOD J OIL TEMP. INTERLOCK PROVED LOW-FIRE INTERLOCK 
PERIODAUTOMATICALLY U M I T E D [ ]  YES [ ]  NO SEC, AUTOMATICALLY U M I T E D [ ]  YES [ ]  NO SEcI D YES [ ]  NO SETFO; [ ]  YES [ ]  NO 

MFR. AND TYPE NO. OF FM. COCKS & TIMER I COMBUSTION AIR BLOWER CANNOT COMBUSTION SAFEGUARD PROVES 

I BE STARTED UNTIL END OF [ ]  PILOT BEFORE MAIN SAFETY 
PREVENT. (IF TIMER USED / SHUT-OFF VALVE OPENS 

HEAT CUTOFF AUTOMATICALLY, REQUIRING MANUAL OPERATION TO RESTORE, ON FAILURE OF 
[ ]  COMBUSTION AIR [ ]  RECIRCULATING [ ]  SAFETY r ~  HIGH AND LOW r"-I LOW OIL ~ FLAME 

z FAN EXHAUST FAN ~ I I(Combustion Safeguard) _ GAS PRESSURE I I PRESSURE 
rr 

I ~ ROD OR SCANNER LOCATION ENSURES 
I I PILOT IGNITES MAIN FLAME 

MANDAT~RY PURGE AFTER FLAME FAILURE 
U ~ES [ ]  NO 

IN. PILOT SAFETY SHUT-OFF VALVE IPS. 
! 

MAIN SAFETY SHUT-OFF VALVE IPS. 

COMBUSTION SAFEGUARD 

PART A ACCEPTED 

BY 

AIRFLOW SWITCHES 
IN. 

PRESSURE SWITCHES 

[~ l  AS SUBMITTED [ ]  SUBJECT TO ANY CHANGES INDICATED DATE 

PART B - -  MANUFACTURER'S INSPECTION & TEST 
SAFETY CFM REF. TO 70 ° F MEASURED BY (SPECIFY) MEASURED WITH FRESH AIR INLET 

& EXHAUST OUTLET DAMPERS IN 
VENTILATION [ ]  PITOT [ ]  OTHER MAX MUM CLOSED POSITION [ ]  YES [ ]  NO 

TEMP, i---I ADJ. FOR STABLE BURNERS [ ]  LIGHTED [ ]  MIXERS [ ]  CONTROL SET I I LOW FLAME ADJUSTED 

SAFETY [ ]  ADJUSTED r~ll I TESTED FOR PROPER RESPONSE 
CONTROLS 

I--'l CUSTOMER'S OPERATOR r--i PRINTED OPERATING [ ~  APPLICATION FOR ACCEPTANCE NSTRUCTIONS i i INSTRUCTED i I INSTRUCTIONS LEFT ~ POSTED ON CONTROL PANEL 

SIGNATURES MFR'S. FIELD REP. TEST WITNESSED BY FOR CUSTOMER DATE 

[ ]  AS SUBMITTED [ ]  SUBJECT TO ANY CHANGES INDICATED DATE PART B ACCEPTED 

BY 

PART C - -  FIELD EXAMINATION OF COMPLETED INSTALLATION 

F--1 PARTA r--1 PART B r~l SAFETY CONTROLS r~l ROD OR SCANNER LOCATION 
I I CHECKED I I CHECKED I I TESTED L_J ASSURES PILOT IGNITES MAIN FLAME 

ENGINEER'S SIGNATURE DATE 

Figure A-l-4(d) Sample furnace or oven manufacturer's application for acceptance. 
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AI'I'I,;N D I X A 86C-69 

~ Exhaust fan 

Figure A-2-1(a) Example of a direct-fired, external, nonrecirculating 
heater. 

,~,Exhaust fan Recirculating fan 

~ J  ~ ~---------~=) Fresh air 
( T  Heater ;~ C 

I i I 

Figure A-2-1(b) Example of a direct-fired, external, recirculating 
through heater. 

( • L j  Exhaust fan 

i Supply 

-'~-- K~"~"~' 7 Fresh.air 
.~J ~ ~ Recirculating fan 

I = 

Figure A-2-l(c) Example of a direct-fired, external, recirculating, not 
through heater. 

A-4-3.3.6 The weight of thel oil is always a consideration 
in vertical runs. When going up, pressure is lost. One hun- 
dred psig (689 kPa) with a 100-ft (30.5-m) lift nets only 
63 psig (434 kPa). When going down, pressure increases. 
One hundred psig (689 kPa) with a 100-ft (30.5-m) drop 
nets 137 psig (945 kPa). This also occurs with fuel gas, but 
it usually is of no importance. However, it should never be 
overlooked where handling oils. 

A-4-3.6.1 The atomizing medium might be steam, com- 
pressed air, low-pressure air, air-gas mixture, fuel gas, or 
o the r  gases. Atomizat ion  also might  be mechanica l  
(mechanical-atomizing tip or rotary cup). 

A-4-4.1 Oxy-fuel burners often are utilized in conjunction 
with arc mehing furnaces to augment electric heating. 

- Hy( rogen~ 

\ ,  
\ 

Ethylene _~--- = ~ '~ 
t Carburetted ~ /  io'/" ;-l,~ ~ ~ .  

/ water g a ~ -  ~,,-r , ° % ~  

/ /4 -  / / Butane ~ "monoxide 
/ / / /  ~t . . . . .  .Ethane 

/ / j .J - -  ~ ~U<;..,~.~-~::~._I 
/Producer ~ • , 

1 .~.,~. ,i.~ ~ /  "X ' Natural - Methane 
/ / ;¢ "2 .  _~ ~,-' I I 

Pro Pane = "' '~ "%"" "~'~'- I I 
20 40 60 80 100 120 

Coke oven gas 

7 
I 140 

Primary air-percent of theoretical requirement for complete combustion 
160 

Figure A-4-2.1.1 Ignition velocity curves for typical flammable gases. 
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86C-70 INDUSTRIAl, FURNACES USING A SPECIAL PROCESSING ATMOSPHERE 

Table A-4-2.1.1 Properties of Typical Flammable Gases 

Molecular Autoignition LEL % UEL % Vapor Density 
Flammable Gas Weight Btu/CF (°F) by Volume by Volume (Air= 1) 

CF Air Req'd 
To Burn 1 CF 

of Gas 

Butane 58 3200 550 1.9 8.5 
CO 28 310 1128 12.5 74 
Hyd,'ogen 2 311 932 4 74.2 
Natural gas (high Btu type) 18.6 1115 -- 4.6 14.5 
Natural gas (high methane type) 16.2 960 -- 4 15 
Natural gas (high inert type) 20.3 1000 -- 3.9 14 
Propane 44 2500 842 2.1 9.5 

2 31 
0.97 2.5 
0.07 2.5 
0.64 10.6 
0.56 9 
0.70 9.4 
1.57 24 

Some of these burners  utilize air" as well. Stationary burn-  
ers are attached to the furnace shell or cover, or both. 
Movable burners  that normally are not attached to the fur- 
nace are suspended from structural members outside a 
furnace door. They are manipulated from the operating 
floor, and the oxygen and fuel are introduced into the fur- 
nace through long, concentric pipes. 

Conventional flame safeguards are impractical in conjunc- 
tion with oxy-fuel burners in arc furnaces because of the 
radio fl'equency noise associated with the arcs. The electric 
arc is a reliable means of ignition [br the burners, once it has 
been established. After the arc has been established, the high 
temperatures inside an arc furnace cause the ignition of sig- 
nificant accumulations of oxygen and fuel. 

Using oxygen to augment or to substitute fbr combustion 
air in industrial furnace heating systems presents new safety 
hazards for users acquainted only with air-fuel burners. 

One group of hazards arises from the exceptional reac- 
tivity of oxygen. It is a potent oxidizer; theretbre, it accel- 
erates burn ing  rates. It also increases the flammability of 
substances that generally are considered nonflammable in 
air. A fire fed by oxygen is difficult to extinguish. 

Special precat, tions are needed to prevent oxygen pipe- 
line fires; that is, fires in which the pipe itself becomes the 
fuel. Designers and installers of gaseous oxygen piping 
should familiarize themselves with standards and guide- 
lines referenced in this standard on pipe sizing, materials 
of construction, and sealing methods. Gaseous oxygen 
should flow at relatively low velocity in pipelines built of 
ferrous materials, because fl'iction created by particles 
swept through steel pipe at a high speed can ignite a pipe- 
line. For this reason, copper or copper-based alloy con- 
struction is customary where the oxygen velocity needs to 
be high, such as in valves, valve trim areas, and in. orifices. 

Oxygen pipelines should be cleaned scrupulously to rid 
them of oil, grease, or any hydrocarbon residues before 
oxygen is introduced. Vah, es, controls, and piping ele- 
ments  that  come in contact  with oxygen should  be 
inspected and certified as "clean tbr oxygen service." 
Thread sealants, gaskets and seals, and valve trim should 
be oxygen-compatible; otherwise they could initiate or pro- 
mote fires. Proven cleaning and iuspection methods are 
described in the Compressed Gas Association Guidelines 
provided in Appendix D. 

Furnace operators and others who install or service oxy- 
gen piping and controls should he trained in the precau- 
tions and safe practices for handling oxygen. For- example, 
smokiug or striking a welding arc in an oxygen-enriched 
atmosphere could start a fire. Gaseous oxygen has no odor 
and is invisible, st) those locations in which there is a poten- 
tim tor leaks are off limits to smokers and persons doing 

hot work. The location of such areas should be posted. 
Persons who have been in contact with oxygen shoukl be 
aware that their clothing is extremely flammable until it 
has been aired. Equipment or devices that contain oxygen 
should never be lubricated or cleaned with agents that are 
not approved fbr oxygen service. 

Oxygen suppliers are sources of chemical material satety 
data sheets (MSDS) and other precautionm'y information 
for- use in employee training. Users are urged to review 
the safety requirements in thiss tandard and adopt the rec- 
ommendations.  

Another group of hazards is created by the nature of 
oxy-fuel and oxygen-enriched air flames. Because they are 
exceptionally hot, these flames can damage the burners,  
ruin work in process and furnace internals, and even 
destroy refl'actory instilation that was intended |or air-fuel 
heating. Oxygen bu rne r  systems and heating controls 
should have quick-acting, reliable means for controlling 
heat generation. 

Air- that has been enriched with oxygen causes fuel to 
ignite very easily, because added oxygen increases the 
flammability range of air-fuel mixtures. Therelbre,  preig- 
nition purging is critical where oxygen is used. 

Oxygen is also a hazard tbr persons entering furnaces to 
pertbrm inspections or repairs. Strict entry procedures fi)r 
confined spaces should be implemented.  They should 
inchide afialyses for excess oxygen (oxygen contents in 
excess of 20.9 percent) in addition to the usual atmosphere 
tests tbr oxygen deficiency and flammability. 

A-4-4.3.11 Commercial grade carbon steel pipe exhibits a 
marked reduction in impact strength when cooled to sub- 
zero temperatures. Consequently, it is vulnerable to impact 
ti'acture if located downstream from a liquid oxygen vapor- 
izer funn ing  beyond its rated vaporization capacity or at 
very low ambient temperatures. 

A-5-2.9 This control circuit and its nonfurnace-mounted 
or furnace-mounted control and satiety components should 
be housed in a dusttight panel or cabinet, protected by 
partitions or secondary barriers, or separated by sufficient 
spacing ti'om electrical controls employed in the higher 
voltage furnace power system. Related instruments might 
or might not he installed in the same control cabinet. 

The door providing access to this control enclosure 
might inch, de means fin" mechanical interlock with the 
main disconnect device required in the furnace power sup- 
ply circuit. 

Temperatures  within this control enclosure should be 
limited to 125°F (52°C) tot suitable operation of plastic 
components, thermal elements, fuses, and various mecha- 
nisms that are employed in the control circuit. 
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A P P E N D I X  A 8 6 C - 7 1  

A-5-7.2.3 An example of a leak test procedure tbr safety 
shutoff valves on direct g~is-fired ovens with a self:piloted 
burner  and intermittent pilot follows. 

With the oven burner(s) shut off; the main shutoff valve 
open, and the manual shutoff valve closed: 

(a) The tube should be placed in test connection 1 and 
immersed just  below the surface of.a container of water. 

(b) The test connection valve shou ldbe  opened. If bub- 
bles appeal,  the valve is leaking and the manufacturer 's 
instructions should be referenced tbr corrective action.. 
The auxiliary power supply to satiety shutoff valve No. 1 
should be energized and the valve should be opened. 

(c) The tube should be placed in test connection 2 and 
immersed just  below the surface of a container of water. 

(d) The  test connection vah, e should be opened. If bub- 
bles appear, the valve is leaking and the manufactnrer 's  
instructions should he referenced for corrective action. 

This procedure is predicated on the piping diagram 
shown in Figure A-5-7.2.3(a) and the wiring diagram 
shown in Figure A-5-7.2.3(b). 

Gas pressure Safety shutoff Safetyshutoff 
regulator valve No. 1 valve No. 2 

Main shut°ff .,(~..~ h,..Q],.., b.[T] Manual valve shutoff valve 
--~-'1 - , ,  - -~-1  -,, 

p," ~1 I ~ 1  p," "~1 ~ p," ~1 da ][[-'] v " ~ l  
Leak test valve . Leak test valve 

No. 1 I "  No. 2 

F i g u r e  A-5 -7 .2 .3 (a )  E x a m p l e  o f  a gas  p i p i n g  d i a g r a m  for  leak test.  

A-5-9.2.2 Figures A-5-9.2.2(a) and A-5-9.2.2(b) relate to 
5-9.2.2. 

• .- . •. 

A-5-11 Wherever the temperature ofthe fuel oil can drop 
below a sate level, the increased viscosity previents proper 
atomization. No. 2 and No. 4 fuel oils can congeal if their 
temperature [~flls below their potu  point, whether or not 
preheaters are used. 

Wherever the temperature of the fuel oil can rise-above 
a safe level, vaporization of the oil takes place befi)re atom- 
ization and causes a reduct ion in fuel volume severe 
enough to create substantial 'quenching of the  flame. 

A-5-18.1.1 Abnormal conditions that could occur and 
require automatic or manual de-energizatinn of affected 
circuits are as tollows: 

(a) A system tauh (short circuit) not clearei:t by not-really 
provided branch-circuit protection (see NFPA 70, National 
Electrical Code). 

(b) The occurrence of excess temperature in a portion 
of the furnace  that has not been ahated hv normal  
temperam re-controlling devices. 

(c) A faihu'e of any normal operating controls where 
such faihu-e can contribute to unsat}e conditions. 

(d) A loss of electric power that can contribute to unsafe 
conditions. 

A-5-18.1.4 This could require derating some components 
as listed by manufacturers tbr uses such as fbr other types 
of industrial service, motor control, and as shown in Table 
A-5-18.1.4. 

A-6-1.1 Direct Thermal Oxidat ion Incinerators. Fume 
incinerators should operate at the temperatm'e necessary 
for the oxidation process and in accordance with local, 
state, and federal regulations. Fume inciuerators or after- 
burners  should control atmospheric hydrocarbon emis- 
sions by direct thermal oxidation, generally ill the range of 
1200°F to 2000°F (650°C to ll00°C). Figure A-6-1.1(a) 
shows a solvent flmle} incinerator with heat recovery. 

Catalytic Fume Incinerators. Catalytic fume incinera- 
tors should operate at the temperature necessary for the 
catalytic oxidation process in accordance with local, state, 
and federal regulations. 

Catalytic flmle incinerators control atmospheric hydro- 
carbon emissions by thermal oxidation, using a catalyst ele- 
ment. Oxidation occurs at or near the autoignition temper- 
ature of the contaminants, which ranges fl'om 450°F to 
950°F (232°C to 510°C). 

Catalyst elements utilize various types and tbrms of sub- 
strates such as: 

(a) Metal shavings; 
(b) Small, irregular, metal castings; 
(c) Formed or stamped light gauge sheet metal; 
(d) Ceramic- or porcelain-formed structures, pellets, or 

granules. 

Most substrates are restricted to fixed bed applications, 
althongh pellets and grannies have application in tluidized 
heds as well. Various catalyst materials are available and 
include ".rfire earth" elements,  precious metals such as 
platinum and palladium, or a flew metallic salts. For com- 
mercial use, the catalyst material is bonded to the sub- 
strates specified in (a) through (d) above. 

For atmospheric pollution control, catalyst materials fie- 
quently are installed in oven exhaust streams, and the 
increased energy level resulting flom hydrocarho,1 oxida- 
tion is either discharged to the outside atmosphere or recy- 
cled to the process oven, directly or by means of a heat 
exchange system. 

The application of catalysts should recognize the inherent 
limitations associated with these materials, such as the inabil- 
it}, to oxidize silicone and chlorinated compounds as well as 
metallic vapors such as tin, lead, and zinc. These materials 
can destroy catalyst activity, whereas various inorganic pat'tic- 
.ulates (dust) can mask the catalyst elements and retard activ- 
ity, thus requiring specific maintenance procedures. Consul- 
tation with qualified suppliers and equipment manut~lcturers 
is recommended prior to installation. 

Where applicable, catalyst af terburner  exhaust gases 
may be permitted to be utilized as a heat source tbr the 
process oven generating the vapors or some other unre- 
latect process. Heat recovery can be indirect, by the use of 
heat exchange devices, or direct, by the introduction of the 
exhaust gases into the process oven. 

Ahernately, catalytic heaters may be permitted to be 
installed in the oven exhaust stream to release heat from 
evaporated oven by-products with available energy being 
returned by means of heat exchange and recirculation to 
the oven processing zone. [See Fgures A-6-1. l(b) mM (c).] 
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8 6 C - 7 2  INDUSTRIAL FURNACES USING A SPECIAL PROCESSING ATMOSPHERE 

Blower Blower Blower Blower Blower 
recirculation exhaust combustion air seal air seal Conveyor 

Heaters~ ~ ~ ~  ~ M ? ~  ~ ~ ~  ~ - - ~ ~ ~  ~--~(~~ ~ M ? ~  

Starter SW ._1 m_ " i  
220/3/60] Fuse~ [~ i ~ 

.,P-..--e u'~-~e.- ~ . _ 
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r r - n  

I ! - !  - I - - 

Control 
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• l m  2 1  m 4 m  5 m .  - -  ~ / 

~ J - = ' "  ..... _ / -..~.., H F---771_J:-J.L.-T ..... . . . . . . .  j(]~]~-, stop 5 

Over temperature ~,~," 
;"" Jim.it. "t . . . . .  .~, .t~,~'-~ 

', Ji I "~O~', ' Purge timer set (X) rain 
f J .  i - _ = 

Recirc Exhaust / 
"" " "l'l'i-Lo'g~ . . . .  ' a rf ow 3 m airflow / & v - . . . . .  : pressure switch h. : / , .L ITR.. Purge\fz~ / 

i ; _ L _ ~ - ~ . .  _.Hj. AFS3 ~ ~ " "  
/ C o m b  I S t o o  : 'art  _ L  I 6 m O L ' s  / . . . . . . . .  a.,,ow I - - r  Start. - 
/ 
/ ~ d Pilot valve Conveyor 

/ ~ - 'PV  Tr/gn;~fiOner 
O 

,"~"-- Flame 
safeguard 

© 
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T 2 m  
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Start O . - ~ ' ,  pilots .. . .  
PB21 ; (~'~"t I ' . - ' "  
~"~', =~--K~ ', Scanner or .-'" 

i , ~ i r " "  

, , v v : FR1  . "" , '. . . . . . . . . . . .  FR 
, . . . . . . . . . . . . . . . . . . . . . . . .  o 

SW = Safety shutoff 
.~..-e--------~r." A)" valve NO.t 

I ~ '  Safety shutoff 
N valve No. 2 

Figure A-5-7.2.3(b) Example of a wiring diagram for leak test. 
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APPENDIX A 8 6 C - 7 3  

Pilot gas inlet 

Gas inlet 

Pilot pressure regulator Pilot safety shutoff valve 

Pilot~h~toffva~e TM "" "~ ~ M~n~a, ~I shutoff 
Leak test valve, ~, valve 

Pilot flame-sensing element Main flame-sensing element .s_.w. j// l I switch Safety shutoff Safety shutoff High gas pressur "e 1" 
Gas pressure / ~  valve No. 1 valve No. 2 switch/"~'~ I 
regulat°r ~ ~ / [ ]  [ ]  ~ I 

- "~--.. ~ I ..T. .._T. "~--., I I 
• w,,-- ~,ii iv- -ql It- "~I iiw ~i IV-~i 

Main shutoff ~ ~ Manual shutoff 
valve ILl ~1 valve 

Leak test valve No, 1 ~ ~ Leak test valve No. 2 Continuous line burners 

Figure A-5-9,2.2(a) Example of an approved combustion safeguard supervising a pilot for a continuous line burner during light-off and the main flame 
alone during firing. 

Pilot gas inlet 

Gas inlet > ~.~, 
Main shutoff 
valve 

Pilot pressure regulator Pilot safety shutoff valve 

Pilotshutoffva~vC " " "  ]~a M,"anZ.aJ X 
• ffJ shutoff X 

Leak test v a l v e ~  valve X 

Low gas . . , 
pressure oH~eg;sgu as X 
switch_= Safety shutoff Safety shutoff ~wit,,h"~... \ . . . . .  

Gas pressure ~ va ve No. 1 valve No. 2 ~ " /¢~0.'~ ns.t"lt ~ burner 
regu la to r (~  ~ [ ]  [ ]  ~ " ~ P i l o t  flame-sensing element 

--7..., --"r-I ,,.T. .T. - - n . . . , , ~  
. . . .  ~ v-,., ~ M"anualshutoff ~ ~ ~ 

valve ..tos, v ,vo.o.,.f I 
_ _ 

/ . . (  Radiant-cup burners 
Main flame-sensing element 

Figure A-5-9.2.2(b) Example of an approved combustion safeguard supervising a group of radiant-cup burners having reliable flame-propagation charac- 
teristics from one to the other by means of flame-propagation devices. 

Table A-5-18.1.4 Heater Ratings 

Resistance-Type Infrared Lamp and 
Heating Devices Quartz Tube Heaters 

Rating in % Permitted Current  in Rating in % Permitted Current  
Control Device of Actual Load % of Rating of Actual Load in % of Rating 

Fusible sa[ety switch (c~ rating of fuse employed) 125 
lndividualh' enclosed circuit breaker 125 
Circuit breakers in enclosed panelboards 133 
Magnetic contilctors 

0-30 amperes 11 I 
30-1 O0 amperes I 11 
150-600 amperes I 11 

80 133 75 
80 125 80 
75 133 75 

90 200 50 
90 167 60 
90 125 80 

NOTE: The above applies Io "nulximum load" or open ratings fiw sail:Iv switches, civcuh breakers, and industrial controls approved under cuvren! NEbIA 
Silt  i l d i l t ' d s .  

1995 Edition 


