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NOTICE 

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

For information on the procedures for requesting Technical Committees to issue Formal Interpreta- 
tions, 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. Na- 
tional Fire Protection Association, Batterymarch Park, Quincy, MA 02269. 

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 Commit- 
tees 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 which is not in compliance with ap- 
plicable laws and this document may not be construed as doing so. 

Policy Adopted by NFP A Board of Directors on December 3, 1982 

The Board of Directors reaffirms that the National Fire Protection Association recognizes that the tox- 
icity 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 commit- 
tees 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 guidance 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 - -  Public 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 Transcr ipt ion - -  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: (1) 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 jurisdiction's 
lawmaking or rulemaking process. B. Once this NFPA Code or Standard has been adopted into law, all 
printings of this document by public authorities with lawmaking or rulemaking 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 nonex- 
elusive 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 copyright 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 con- 
tinually updating and revising NFPA standards. Under certain circumstances, public authorities with 
lawmaking or rulemaking powers may apply for and may receive a special royalty when the public interest 
will be served thereby. 

All other rights, including the right to vend, are retained by NFPA. 

(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 N F P A  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 accepts 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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NFPA 86D 

Standard for 

Industrial Furnaces Using 

Vacuum as an Atmosphere 

1985 Edition 

This edi t ion of  N F P A  86D, Standard for  Industrial Furnaces Using Vacuum as an 
Atmosphere, was p r e p a r e d  by the Techn ica l  Commi t tee  on Ovens and  Furnaces,  and  
ac ted  on by the Nat iona l  Fire Protect ion Association,  Inc. at its Annua l  Meet ing held 
May 13-17, 1985 in Chicago,  Illinois. It was issued by the S tandards  Counci l  on June  6, 
1985, with an effective da te  of  June 26, 1985, and  supersedes all previous editions.  

The  1985 edi t ion of  this s t anda rd  has been approved  by the Amer ican  Nat iona l  
S tandards  Inst i tute.  

Changes o ther  than  edi tor ia l  are  ind ica ted  by a vertical  rule in the marg in  of  the 
pages on which they appear .  These  lines are inc luded  as an aid to the user in identify- 
mg  changes from the previous edi t ion.  

Origin and Development of NFPA 86D 

W i t h  the increased use of vacuum furnaces in industry,  a Sectional  Commi t t ee  
under  the Commi t tee  on Ovens and Furnaces  was organized in 1974 to p repa re  a stan- 
d a r d  covering these Class D Furnaces .  The  first edi t ion was adop ted  by the Associat ion 
at the 1976 N F P A  Fall  Meeting.  Edi tor ia l  revisions were made  in the 1978 edit ion.  

This  latest  1985 edi t ion has been changed  to follow the N F P A  Manua l  of Style. It 
includes a comple te  rewrite of  the foreword,  the deve lopment  of a new Chap te r  12 for 
m a n d a t o r y  referenced publ ica t ions ,  and  a revision of  Append ix  F. 
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Technical Committee on Ovens and Furnaces 

j .  M. Simmons, Chairman 

Factory Mutual Research Corp. 

Roger F. Beal, Continental Can Co., Inc. 

Wi l l i am E. Bennis ,  Carpenter Technoldgy Corp. 
Rep. American Iron and Steel Inst. 

Robert  R.  Br in ing ,  Caterpillar Tractor Co. 

Joseph G. Coutu,  Industrial Risk Insurers 

Gust A. Dadas, L.T.V. Steel Co. 

Charles A. Dury ,  Huntington Alloys. Inc. 

Lawrence H. Fournier ,  Allstate Insurance Co. 
Rep. American Ins. Services Group. Inc. 

R ichard  I. Gruber ,  Honeywell. Inc. 

Rep. NEMA 

John C. Herron, Electric Furnace Co. 

Fred K. Jensen,  Jensen Oven Co., Inc. 

Wi l l i am R. Jones,  Vacuum Furnace Systems 
Corp. 

John  R. Kiefer,  Cameron Iron Works. Inc. 
Rep. Forging Industry Assn. 

Richard G. Marco, Pratt & Whitney Aircraft 
Rep. Aerospace Industries Assn. of the USA 

Davis C. McIntosh, Lindberg Heat Treat ing Co. 
Ray Ostrowski, Protection Controls. Inc. 
W. F. Parker ,  Midland-Ross Corp. 
Wi l l i am L. Pingry ,  Maxon Corp. 
Pau l  N. Rick, Ford Motor Co. 
J.  Wi l l i am Sheppard,  General Motors Corp. 

Rep. NFPA IFP Section 
George Stumpf, Despatch Industries. Inc. 

Rep. Industrial Heating Equipment Assn. 
Nicholas L. Talbot ,  lmproved Risk Mutuals 
W. P. Thomas ,  Jr . ,  Kemper Group 

Rep. Alliance of American Insurers 
Robert  H. T i m m i n s ,  Reynolds Metals Co. 
Ph i l ip  L. Young,  Jr . ,  Union Carbide Corp. 

Alternates 

John M. Berger,  Maxon Corp. 
(Alternate to W. L. Pingry) 

Alexander  G. Clarke, Forging Industry Assn. 
(Alternate to J. R. Kiefer) 

Phi l l ip  A. Davis, Kemper Group 
(Alternate to W. P. Thomas,  Jr.) 

John  R. Hensley,  Inco Alloys Intl., Inc. 
(Alternate to C. A. Dury) 

Alan  W. Hoagland ,  Inland Steel Co. 
(Alternate to W. E. Bennis) 

Jeffrey J. Kroutil, IRM Insurance 
(Alternate to N. L. Talbot) 

Edward K. Lack, Protection Controls, Inc. 
(Alternate to Ray Ostrowski) 

Richard  Leone, Factory Mutual Research Corp. 
(Alternate to J. M. Simmons) 

Frank  E. Rademacher ,  Industrial Risk Insurers 
(Alternate to J. G. Coutu) 

Richard  C. Riccardi ,  North American Mfr. Co. 
(Alternate to G. A. Stumpf) 

Nonvoting 

James T.  Blackmon,  Jr . ,  Union Carbide Corp. Pau l  H.  Goodell, Stuart, FL 
F. J.  T h o r n t o n ,  Standards Assn. of Australia 

This list represents the membership at the time the Committee was balloted on the text o f  this edition. 
Since that time, changes in the membership may have occurred. 

NOTE: Membership on a Committee shall not in and of itself constitute an endorsement of the 
Association or any document  developed by the Committee on which the member  serves. 
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NFPA 86D 

Standard for 

Industrial Furnaces Using 

Vacuum as an Atmosphere 

1985 Edition 

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

Information on referenced publications can be found in 
Chapter 12 and Appendix F. 

Class C furnaces are those in which there is a potential 
hazard  due to a f lammable  or other special atmosphere 
being used for t reatment  of  material  in process. This type 
of  furnace may use any type of  heat ing system and in- 
cludes the special atmosphere supply system. Also in- 
cluded in the Class C s tandard are Integral  Quench and 
Molten Salt Bath furnaces. 

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

Chapter 1 Introduction 

Foreword  

Explosions and fires in fuel-fired and electric heat 
utilization equipment  constitute a loss potential in life, 
property, and production.  This s tandard is a compilation 
of  guidelines, rules, and methods applicable to safe 
operat ion of  this type of equipment .  

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

Causes of practically all failures can be traced back to 
h u m a n  failure. The  most significant failures have been 
found to be: 

(a) Inadequate  training of  operators 

(b) Lack of  proper  maintenance  

(c) Improper  application of  equipment  

Users and designers must  utilize engineering skills to 
bring together that  proper combinat ion of controls and 
training necessary for the safe operat ion of  the equip- 
ment.  The  Standards for Ovens and Furnaces are set 
forth under  classification as follows: 

Class A ovens or furnaces are heat utilization equip- 
ment  operat ing at approximately atmospheric pressure 
wherein there is a potential explosion a n d / o r  fire hazard 
which may be occasioned by the presence of  f lammable 
volatiles or combustible material  processed or heated in 
the oven. Such f lammable  volatiles and /o r  combustible 
material  may, for instance, originate from paints, 
powder, or finishing processes, including dipped, coated, 
sprayed, impregnated materials or wood, paper  and 
plastic pallets, spacers or packag ing  materials .  
Polymerization or similar molecular  rearrangements  and 
resin curing are processes which may produce f lammable 
residues a n d / o r  volatiles. Potent ial ly  f l ammable  
materials, such as quench oil, waterborne finishes, cool- 
ing oil, etc., in sufficient quantities to present a hazard 
are ventilated according to Class A standards. Ovens may 
also utilize low-oxygen atmosphere to evaporate solvent. 

Class B ovens or furnaces are heat utilization equip- 
ment  operat ing at approximately atmospheric pressure 
wherein there are no f lammable  volatiles or combustible 
material  being heated. 

1-1 Scope. This s tandard is for ovens and furnaces 
operat ing from ambient  temperatures to over 5000°F 
(2760 °C) and at pressures normally below atmospheric to 
10 -8 Tor r  (1.33 x 10 .6 Pa). 

1-1.1 This s tandard shall apply to new installations or 
alterations or extensions to existing equipment .  

1-2" Types  of  Furnaces .  The  requirements for vac- 
uum furnaces determine the type of  furnace walls, size of  
furnace, the special atmospheres required, or the reduc- 
tion from normal  atmosphere down to a special vacuum 
of 10 -s Tor r  (1.33 X 10 .6 Pa). 

Vacuum furnaces generally are described as either 
cold-wall furnaces, hot-wall furnaces, or furnaces used 
for casting or melt ing of  metal at high temperatures up to 
5000°F (2760°C). There  may be other special types. 

1-2.1" The  cold-wall furnace types are further  de- 
scribed as being an electric furnace which is heated by 
electrical induction, electrical resistance or electron 
beam. 

NOTE: This standard does not cover fuel-fired cold-wall fur- 
naces. 

1-2.2" The  hot-wall furnace may be either gas-fired or 
an electrically heated furnace. 

1-2.3 Special furnaces are available for casting and 
melt ing of  steel, iron, copper  and other metals. These 
furnaces are heated using either induction heating, elec- 
tron beam, or electric arc. 

NOTE: Reference should be made to these various types of 
furnaces by taking special note of Table A-l-2, Vacuum Furnace 
Protection. This table describes the heating system requirement 
and notes the principal items supplied as a part of the furnace 
which includes the (A) Vacuum System, (B) Heating System, (C) 
Cooling System, (D) Process Atmosphere Cycle, (E) Material 
Handling, (F) Instrument Control, (G) Hazards of Heating 
Systems and (H) Personnel Safety Hazards. Each item is included 
in the table for the 10 principal furnace types. 

1-3 It is a general practice for the vacuum vessel to be a 
type of  pressure vessel and be designed in accordance 
with the latest published requirements of  Section 8 of  the 
ASME Boiler and Pressure Vessel Code. This vessel 
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should  be  bui l t  to exac t  des ign spec i f ica t ions  and  should  
p e r m i t  o p e r a t i n g  at h igh  v a c u u m  a tmospheres .  (See 
2-6.13.) 

1-4 V a c u u m  fu rnaces  us ing  e i the r  an  i nduc t ion ,  a 
res is tance,  an  e l ec t ron  b e a m ,  or  e lec t r ic  a rc  h e a t i n g  
system will i nc lude  an  e lec t r ic  power  supply  wi th  a h igh  
d e m a n d  cu r ren t .  Safety  c o n s i d e r a t i o n  shou ld  be  g iven  for 
the  h igh  vo l tage  supply  used for e i the r  an  e l ec t ron  b e a m  
or  the  e lec t r ic  a rc  f u r n a c e  uni t .  

1-5 All  co ld-wal l  v a c u u m  fu rnaces  r e q u i r e  a specif ical ly  
des igned  coo l ing  system for  m a i n t a i n i n g  the  v a c u u m  fur-  
n a c e  vessel at p r o p e r  t e m p e r a t u r e s .  T h e s e  coo l ing  systems 
are  cr i t ica l  as the  f u r n a c e  vessel walls m u s t  be m a i n t a i n e d  
at safe t e m p e r a t u r e s  w h e n  the  f u r n a c e  ope ra t e s  at m a x -  
i m u m  t e m p e r a t u r e s .  

T h e  f u r n a c e  coo l ing  system m a y  inc lude ,  in a d d i t i o n  to 
the  vessel coo l ing  system, one  or  m o r e  m e t h o d s  for cool- 
i ng  m a t e r i a l  in process.  T h e  systems m a y  inc lude  gas 
q u e n c h i n g ,  oil q u e n c h i n g ,  or  wa te r  q u e n c h i n g .  I n t e r n a l  
a n d / o r  ex te rna l  hea t  exchange r s  m a y  be  used a n d  gener -  
ally r e q u i r e  s u p p l e m e n t a r y  cool ing .  Spec ia l  a t m o s p h e r e s  
m a y  be  used d u r i n g  the  f u r n a c e  hea t  t r e a t m e n t  process.  
Th i s  special  a t m o s p h e r e  m a y  be hyd rogen ,  n i t rogen ,  
m e t h a n e ,  a rgon ,  h e l i u m  or  a c o m b i n a t i o n  o f  several  of  
these gases. 

to the listings or l abe l ing  pract ices of an organiza t ion  concerned 
with produc t  evaluat ions  which is in a posit ion to de te rmine  
compl iance  with appropr ia te  s tandards  for the cur rent  produc- 
tion of listed items. 

Atmospheric Pressure. T h e  p r e s s u r e  o f  t h e  
a t m o s p h e r e  at a speci f ied  p lace  a n d  t ime.  

Authority Having Jurisdiction. T h e  " a u t h o r i t y  
h a v i n g  ju r i sd ic t ion"  is the  o rgan iza t ion ,  off ice,  or  
i nd iv idua l  respons ib le  for  " a p p r o v i n g "  e q u i p m e n t ,  an in- 
s ta l la t ion ,  or  a p r o c e d u r e .  

NOTE: The phrase "authority having jurisdiction" is used in 
NFPA documents in a broad manner since jurisdictions and "ap- 
proval" agencies vary as do their responsibilities. Where public 
safety is primary, the "authority having jurisdiction" 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, health department, building official, 
electrical inspector, or others having statutory authority. For in- 
surance 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 designated agent assumes the role of the 
"authority having jurisdiction"; at government installations, the 
commanding officer or departmental official may be the "au- 
thority having jurisdiction". 

Batch Process Furnace. A f u r n a c e  in to  wh ich  the 
work  is i n t r o d u c e d  all at  one  t ime.  

1-6 D e f i n i t i o n s .  (Reference--American Vacuum So- 
ciety). For  the  pu rpose  of  this s t a n d a r d ,  the  fo l lowing  
def in i t ions  shall  apply:  

A b s o l u t e  P r e s s u r e .  A t e r m  used in e n g i n e e r i n g  
l i t e r a tu re  to ind ica t e  pressure  above  the  abso lu te  zero 
va lue  c o r r e s p o n d i n g  to e m p t y  space  or  the  abso lu te  zero 
of  t e m p e r a t u r e  as d i s t ingu i shed  f r o m  gage  pressure.  

NOTE: In vacuum technology, pressure always corresponds to 
absolute pressure not gage pressure, and therefore the term ab- 
solute pressure is not required. 

Absorption. T h e  b i n d i n g  of  gas in the  in t e r io r  o f  a 
sol id (or l iqu id) .  

Adsorbate. T h e  gas r e m o v e d  f r o m  the  gas phase  by 
adso rp t ion .  

Adsorbent. T h e  m a t e r i a l  wh ich  takes up  the  gas by 
adsorp t ion .  

Adsorption. C o n d e n s i n g  o f  gas on the  sur face  of  a 
solid. 

A i r - I n l e t  V a l v e .  A valve  used for l e t t ing  a t m o s p h e r i c  
a i r  in to  a v a c u u m  system. (Also ca l l ed  a v a c u u m  
breaker ) .  

Approved. A c c e p t a b l e  to the  " a u t h o r i t y  h a v i n g  
j u r i sd i c t i on . "  

N O T E :  T h e  N a t i o n a l  Fire P ro tec t ion  Associa t ion  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 or 
procedures, equipment or materials, the authority having 
jurisdiction may base acceptance on compliance with NFPA or 
other appropriate standards. In the absence of such standards, 
said authority may require evidence of proper installation, pro- 
cedure or use. The authority having jurisdiction may also refer 

Booster Pump. A vapo r  p u m p  or  a special ly  de- 
sigfied m e c h a n i c a l  p u m p  used b e t w e e n  a v a p o r  p u m p  
and  a fore  p u m p  to increase  the m a x i m u m  gas 
t h r o u g h p u t  wh ich  can  be h a n d l e d .  

Centrifugal Pump. A p u m p  wi thou t  a d i scha rge  
valve  which  moves  the  gas f rom the  axis to the  cir- 
c u m f e r e n c e  by the  p rope l l i ng  ac t ion  o f  a r ap id ly  ro t a t i ng  
m e m b e r  p r o v i d e d  wi th  ducts ,  blades,  or  vanes.  

NOTE: The limiting or breaking forepressure of the booster at 
this maximum throughput must be appreciably greater than 
that of the vapor pump which it backs. 

C o l d  T r a p .  A vessel des igned  to ho ld  a coo lan t ,  or  
coo led  by coils in which  a coo lan t  c i rcula tes ,  inser ted  into  
a v a c u u m  system so as to condense  on  its i nne r  sur face  
vapors  p resen t  in the  system. 

Compound Mechanical Pump. A m e c h a n i c a l  p u m p  
h a v i n g  two or  m o r e  stages in series. 

Condensation Rate. T h e  n u m b e r  of  mo lecu le s  which  
condense  on a su r face  per  square  c e n t i m e t e r  pe r  second.  

Continuous Process Furnace. A f u r n a c e  in to  which  
the work  c h a r g e  is m o r e  or  less con t inuous ly  i n t r o d u c e d .  

Diffusion Pump. A v a p o r  p u m p  hav ing  boi le r  
pressures less t h a n  a few T o r r  and  c a p a b l e  of  p u m p i n g  
gas at i n t ake  pressures  not  n o r m a l l y  e x c e e d i n g  abou t  20 
m i l l i T o r r  (2.7 Pa) a n d  d i scharge  pressures  ( forepressures)  
not  n o r m a l l y  e x c e e d i n g  a b o u t  500 m i l l i T o r r  (66.7 Pa). 

N O T E :  T h e  p u m p i n g  ac t ion  of  e ach  v a p o r  jet occurs  by the  
d i f fus ion of  gas  molecules  t h r o u g h  the low-densi ty  sca t te red  
vapor into the denser forward moving core of a freely expanding 
vapor jet. 
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D i s p l a c e m e n t .  The  geometr ic  volume swept out  per  
uni t  t ime by the working mechan i sm of  mechan ica l  
pumps  at normal  frequency.  

D u p l e x  M e c h a n i c a l  P u m p .  A mechan ica l  p u m p  
having two single stage units in para l le l  ope ra ted  by the 
same drive. 

Fo re  P u m p .  The  p u m p  which produces  the neces- 
sary fore vacuum for a p u m p  which is i ncapab le  of 
d ischarging  gases at a tmospher ic  pressure.  (Somet imes 
cal led the backing  p u m p . )  

F ree  A i r  D i sp l acemen t .  T h e  volume of  air  passed 
per  uni t  t ime th rough  a mechan ica l  p u m p  when the 
pressure on the in take  and  exhaust  sides is equal  to at- 
mospher ic  pressure.  (Also cal led free air  capaci ty . )  

Gas Bal las t .  The  vent ing of the compression 
c h a m b e r  of a mechan ica l  p u m p  to the a tmosphere  to pre- 
vent condensa t ion  of condensable  vapors within the 
p u m p .  (Also cal led vented exhaust . )  

Gas Ba l l a s t  P u m p .  A mechan ica l  p u m p  (usually of  
the ro tary  type) equ ipped  with an inlet  and  valve th rough  
which a sui table  quant i ty  of  a tmospher ic  air  or "dry" gas 
can be admi t t ed  into the compression c h a m b e r  so as to 
prevent  condensa t ion  of  vapors within the c h a m b e r  by 
m a i n t a i n i n g  the pa r t i a l  pressure of the vapors below the 
sa tura t ion  value.  (Somet imes cal led a vented-exhaust  
mechan ica l  p u m p . )  

H i g h  V a c u u m .  A pressure less than  some uppe r  
l imit ,  such as 1 m m  Hg or 1 # Hg. 

H o l d i n g  P u m p .  A fore p u m p  used to hold a vapor  
p u m p  at efficient opera t ing  condi t ions while a roughing  
p u m p  reduces the system pressure to a poin t  at which the 
valve between the vapor  p u m p  and  the system can be 
opened  wi thout  s topping  the flow of  vapor  from the 
nozzles. 

I m p l o s i o n .  The  r ap id  inward  col lapsing of the walls 
of a vacuum system or device as the result of  fai lure of the 
walls to sustain the a tmospher ic  pressure.  Usually fol- 
lowed by an ou tward  scat ter ing of the pieces with possible 
danger  to nearby  equ ipmen t  and personnel .  

I n l e a k a g e  Ra te .  The  combined  leak rate  (in 
pressure-volume units per  uni t  t ime) from all existing 
leaks in a specified evacua ted  vessel, sometimes expressed 
in terms of  the rate  of rise of pressure in the isolated 
vessel. 

I n l e t  P ressure .  The  " total  static pressure" measured  
in a s t anda rd  testing c h a m b e r  by a vacuum gage located 
near  the inlet  port .  

Leak .  A hole, or porosity, in the wall of an enclosure 
capab le  of passing gas from one side of  the wall to the 
o ther  under  act ion of  a pressure or concent ra t ion  dif- 
ferent ia l  existing across the wall. 

L e a k  Detec tor .  A device for de tec t ing  and  locat ing 
leaks, and  ind ica t ing  the m a g n i t u d e  thereof.  

L e a k  Ra te .  The  quant i ty  of gas in pressure-volume 
units at room t empera tu r e  flowing into the system or 
th rough  the p u m p  from an external  source in uni t  t ime. 

NOTE: Recommended unit is Tort liter per second at 20°C.  
(Also expressed in micron-liter per second, or micron cubic feet 
per minute, or cc-atmos/sec at 25°C.) 

Low V a c u u m .  The  condi t ion  in a gas-fi l led space at 
pressures less than  760 Tor r  (101 kPa) and grea ter  than  
some lower l imit .  

M a n o m e t e r .  An  ins t rument  for measur ing  pressure 
of gases and  vapors whether  above or below a tmospher ic  
pressure. 

M c L e o d  Gage.  A l iquid  level vacuum gage in which 
a known volume of the gas, at the pressure to be 
measured ,  is compressed by the movement  of a l iquid  col- 
u m n  to a much  smal ler  known volume, at which the 
resul t ing higher  pressure is measured .  

NOTE: Particular designs are named after the inventors of 
various trade names. 

M e a n  Free  P a t h  (of a n y  pa r t i c l e ) .  The  average 
dis tance that  a par t ic le  travels between successive colli- 
sions with the o ther  par t ic les  of an ensemble.  

Mechanical P u m p .  A p u m p  which moves the gas by 
the cyclic mot ion  of  a system of  mechan ica l  par ts  such as 
piston,  eccentr ic  rotors,  vanes, valves, etc. 

Micron of Mercury. A unit  of pressure equal  to 
1 /1000th  of one mi l l ime te r  of  mercury  pressure.  Ab- 
brev ia ted  as # of H g  or # Hg.  

M i l l i m e t e r  of  M e r c u r y .  A unit  of pressure cor- 
responding  to a co lumn of  mercury  exact ly one 
mi l l imete r  high at 0°C unde r  s t anda rd  accelera t ion  of  
gravity of  980.665 cm/sec  2. 

MilliTorr. A proposed  new unit  of  pressure equal  to 
10 -3 To r r  (1.$ × 10 "t Pa). 

O i l  Sepa ra to r .  An oil reservoir with baffles to reduce 
the loss of  oil by droplets  in the exhaust .  

Operators. The  individuals  responsible for the start- 
up,  opera t ion ,  shutdown,  and  emergency  hand l ing  of 
the specific ins ta l la t ion or  furnace,  and  the associated 
equ ipmen t .  

Outgassing. The  spontaneous  evolut ion of  gas f rom a 
ma te r i a l  in a vacuum.  

P a r t i a l  P ressure .  The  pressure of a des ignated  com- 
ponent  of  a gaseous mixture .  

P u m p - D o w n  Fac tor .  The  p roduc t  of the t ime to 
p u m p  down to a given pressure and  the d i sp lacement  (for 
a service factor  of  one) d ivided by the volume of  the 
system (F = t D /V) .  

P u m p  F l u i d .  T h e  opera t ing  f luid used in vapor  
pumps  or in l iquid-sealed mechan ica l  pumps.  (Some- 
t imes cal led working me d ium,  working fluid,  or p u m p  
oil.) 
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Rate of Rise. The  time rate of  pressure increase at a 
given time in a vacuum system which is suddenly isolated 
from the p u m p  by a valve. 

N O T E :  T h e  vo lume  and  t e m p e r a t u r e  of the system are held 
c o n s t a n t  dur ing  the rate-of-rise m e a s u r e m e n t .  

Reciprocating Pump. A p u m p  which moves the gas 
by means of a system or reciprocating pistons and valves. 

Roots Blower Pump. A rotary blower pump having 
a pair  of  two-lobe inter-engaging impellers of special 
design. 

Rotary Blower Pump. A p u m p  without a discharge 
valve which moves the gas by the propelling action of one 
or more  rapidly rotat ing members  provided with lobes, 
blades, or vanes. (Sometimes called a mechanical  booster 
p u m p  when used in series with a mechanical  fore pump. )  

N O T E :  Rotary  blowers are  somet imes classified as ei ther  axial 
flow or cross flow types depend ing  on the direction of flow of gas. 

R o t a r y  Piston Pump. A liquid-sealed mechanical  
p u m p  employing a rotor, stator and sliding vanes. 

R o u g h i n g  Line .  A line running  from a mechanical  
p u m p  to a vacuum chamber  through which preliminary 
pumping  is conducted in the rough vacuum range. 

R o u g h i n g  P u m p .  The  p u m p  used to reduce the 
system pressure to the point at which a vapor p u m p  (or 
other p u m p  requiring a fore vacuum) can take hold and 
operate efficiently. 

N O T E :  T h e  roughing  p u m p  m a y  then also be used as the fore 
p u m p  for the vapor  p u m p ,  or the roughing  p u m p  m a y  be shut 
off and  a smaller  p u m p  used as fore p u m p  when the gas load is 
relatively small.  

R o u g h i n g  T ime .  The  time required to p u m p  a given 
system from atmospheric pressure to the take-hold 
pressure for the vapor p u m p  (or other h igh-vacuum 
pump)  or to a pressure at which valves to the vapor p u m p  
can be opened without stopping the flow of vapor from 
the nozzles. 

Shall .  Indicates a manda to ry  requirement.  

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

Susceptor. Energy-absorbing device generally used to 
transfer heat. 

Time of Evacuation. The time required to p u m p  a 
given system from atmospheric pressure to a specified 
pressure. (Also known as pump-down time or time of ex- 
haust.) 

T o r t .  A suggested international s tandard term to 
replace the English term millimeter of mercury  and its 
abbreviation m m  of Hg. 

Ultimate Pressure. The  l imiting pressure ap- 
proached in the vacuum system after sufficient pumping  
time to establish that further  reductions in pressure will 
be negligible. (Sometimes called the ultimate vacuum.)  

N O T E :  T h e  terms blank-off  pressure or  base pressure are also 
somet imes used in referr ing to a p u m p  under  test. 

Vacuum. A given space filled with gas at pressures 
below atmospheric pressure. 

Vacuum Gage. A manometer  for pressures below 
760 Tor r  (101 kPa). 

N O T E :  T e r m s  such as v a c u u m  gage,  Pirani gage,  ionization 
gage,  etc.,  should be used only when referr ing to the comple te  
gage  and  not mere ly  to the gage  tube. 

Vacuum Impregnation. A process for filling voids or 
interstices with a fluid by first subjecting the article to a 
vacuum, then flooding with the desired fluid, and break- 
ing the vacuum. 

Vacuum Manifold. An enclosure with several ports 
so that a number  of vacuum devices may be at tached to it 
at one time for evacuation and processing. 

Vacuum System. A chamber,  or chambers,  having 
walls capable of withstanding atmospheric pressure 
having an opening through which the gas can be removed 
through a pipe or manifold to a pumping  system. 

N O T E :  T h e  p u m p i n g  system may  or may  not be considered as 
par t  of  the v a c u u m  system. A comple te  v a c u u m  system contains 
all necessary pumps ,  gages, valves, and  other  components  neces- 
sary to car ry  out some par t i cu la r  process; such a system is re- 
ferred to in England  as a v a c u u m  plant .  

Vacuum Thermal Insulation. The  use of  evacuated 
space for reduction of conductive and convective heat 
transfer. 

Vapor .  A gas whose temperature  is below its critical 
temperature,  so that it can be condensed to the liquid or 
solid state by increase of pressure alone. 

Vapor Pressure. The sum of the partial pressures of 
all the vapors in a system, or the partial pressure of a 
specified vapor. 

Vapor Pump. Any p u m p  employing a vapor jet as 
the pumping  means. (Applies to diffusion pumps  and 
ejector pumps.)  

1-7" Approvals, Plans, and Specifications. 
(a) Before new equipment  is installed or existing 

equipment  remodeled, complete plans and specifications 
shall be submitted for approval to the authority having 
jurisdiction. Plans shall be drawn to an indicated scale, 
and show all essential details as to location, construction, 
heating equipment,  fuel piping, heat input, and safety 
control wiring diagrams. The  plans shall include a list of 
equipment  giving manufac ture r  and type number.  

(b) Any deviation from this s tandard will require 
special permission from the authority having jurisdiction. 

(c) Wiring diagrams and sequence of operations for all 
controls, including "ladder type" schematic diagrams, 
shall be provided. [See Figures A-1-7(a), (b), and (c).] 

1-8 Electrical .  All wiring in and around furnaces shall 
be in accordance with NFPA 70, National Electrical 
Code ® . 
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1-9 Opera tor  T ra in ing .  

(a) It is fully recognized that the most essential safety 
consideration is the selection of alert and competent 
operators. Their knowledge and training are vital to con- 
tinued safe operation. 

(b) New operators shall be thoroughly instructed and 
shall demonstrate an adequate understanding of the 
equipment and its operations. 

(c) Regular operators shall receive scheduled retrain- 
ing to maintain a high level of proficiency and effec- 
tiveness. 

(d) Operators shall have access to operating instruc- 
tions at all times. 

NOTE: An outline of these instructions should be posted at the 
furnace. 

(e) Operating instructions shall be provided by the 
equipment manufacturer.  These instructions shall in- 
clude schematic piping and wiring diagrams. 

NOTE: All instructions should i n c l u d e : ~ _  

(1) Startup procedures. 

(2) Shutdown procedures. 

(3) Emergency .procedures. 

(4) Maintenance procedures. 

(f) Operator  training shall include, where applicable: 
(1) Combustion of air-gas mixtures. 
(2) Explosion hazards. 

(3) Sources of ignition and ignition temperature.  
(4) Atmosphere gas analysis. 
(5) Handling of f lammable atmosphere gases. 
(6) Handling of toxic atmosphere gases. 
(7) Functions of control and safety devices. 

Chapter  2 Location and Construct ion 

2-1 Locat ion of Vacuum Furnaces and Related Equip-  
ment .  

2-1.1 General .  

2-1.1.1 Vacuum furnaces and related equipment shall 
be located with consideration to the possibility of fire 
resulting from overheating, ignition of quench oil, igni- 
tion of pump oil, etc., or from escaping of processing at- 
mosphere where applicable, with the resulting possibility 
of building equipment damage and injury to personnel. 

2-1.1.2 Consideration shall be given to the location of 
furnaces to provide protection against damage by heat, 
vibration, and mechanical hazards. 

2-2 Grade Location. 

NOTE: Vacuum furnaces designed for use with special flam- 
mable atmospheres should be located at or above grade to make 
maximum use of natural ventilation and to minimize restrictions 
to adequate explosion relief and sufficient air supply for person- 
nel who may be working in confined quarters. 

2-2.1 When basements or other confining areas must be 
used, consideration shall be given to ventilation and the 
ability to safely provide the required explosion relief and 
sufficient air supply for all personnel who may be working 
in confined quarters. 

2-2.2 In the event that furnaces are below grade level, 
consideration shall be given to ventilation and the 
prevention of stagnant areas that may be depleted of oxy- 
gen and cause asphixiation. 

NOTE: Vacuum furnaces designed for use with inert gas 
backfilling or quenching should be located above grade level to 
make use of natural ventilation and to assure an adequate supply 
of air to personnel. 

2-3 Structural  Members of Buildings. Although vacuum 
furnaces do not present a particular adverse temperature 
effect on building structures, consideration shall be given 
to structural loading. 

2-4 Location in Regard to Stock, Processes, and Per- 
sonnel. 

2-4.1 Stock and Processes. 

NOTE: Class D furnaces should be well separated from 
unrelated stock, power equipment, process equipment, and 
separated from fire protection facilities in order to minimize in- 
terruption of production, and to provide protection in the event 
of accidents. 

2-4.2 Personnel. Vacuum furnaces shall not obstruct 
personnel travel to exitways, particularly when large 
doors are in the open position. 

2-4.3 Finishing Operations. Class D furnaces shall be 
safely located and protected from exposure to flammable 
liquid dip tanks, spray booths, flow coaters, or storage 
and mixing rooms or areas. This shall not apply to in- 
tegral quench systems.. 

NOTE: The hazard is particularly severe when vapors from 
dipping operations may flow by gravity to heating units at, or 
near, floor level. 

2-5 Floors and Clearances. 

2-5.1 Class D vacuum furnaces sh~ll be located for 
ready accessibility, with adequate space above, and on all 
sides, to permit inspection and maintenance. The space 
above, below and around the equipment shall be prop- 
erly ventilated to keep temperatures at combustible 
floors, ceilings and walls below 160°F (71°C). 

2-5.2 Class D vacuum furnaces shall be located on, or 
above, noncombustible floors. If  such a location is not 
possible, then one of the following procedures shall be 
employed: 

2-5.2.1 Remove combustible floor members  and 
replace with a monolithic concrete slab which extends a 
minimum of 3 ft (1 m) beyond the outer extremities of the 
furnace. 

2-5.2.2 Air channels shall be provided between the 
floor and the equipment (perpendicular to the axis of the 
equipment and/or  noncombustible insulation). This 
shall be adequate to prevent surface temperatures of floor 
members from exceeding 160 °F (71 °C). 

\ \  



86D-10 INDUSTRIAL FURNACES USING VACUUM AS AN ATMOSPHERE 

2-5.3 Where electrical wiring will be present in the 
channels of certain types of floors, the wiring shall be in- 
stalled in accordance with Article 356 (cellular metal 
floor raceways) of NFPA 70, National Electrical Code. 

2-5.4 Floors beneath mechanical pumps and related 
equipment shall be vibration free and be provided with a 
noncombustible, nonporous surface to prevent floors 
from becoming oil soaked. 

2-5.5 Where furnace ducts or stacks penetrate com- 
bustible walls, floors or roofs, clearances and insulation 
shall be provided to prevent surface temperatures of com- 
bustible members from exceeding 160°F (71°C). 

2-6 Construction of Furnaces. 
2-6.1 Class D vacuum furnaces and related equipment 
shall be built in a substantial manner with due regard to 
the fire hazard inherent in equipment operating at 
elevated temperatures, the hazard to operators from high 
temperatures and mechanical equipment, and the need 
of ensuring reliable, safe operation over the expected 
maximum life of the equipment. 

2-6.2 Furnace internals and all material therein ex- 
posed simultaneously to elevated temperature and air 
(oxygen), including the basic vessel and internal support 
structures, shall be constructed of noncombustible and 
nonvolatile material. 

2°6.3 Furnace structural supports and material han- 
dling equipment shall be designed with adequate factors 
of safety at the maximum operating temperatures, with 
consideration given to the strains imposed by expansion 
and contraction iand any other mechanical/electrical 
design and safety standards. 

2-6.4 Adequate facilities for access shall be provided to 
permit proper inspection and maintenance. Ladders, 
walkways, and so forth shall be designed in accordance 
with applicable standards. 

connection thereof shall be in conformance with current 
NEMA standards and with NFPA 70, National Electrical 
Code. 

2-6.9 External parts of furnaces which operate at tem- 
peratures in excess of 160°F (71°C) shall be guarded by 
location, guard rails, shields or insulation to prevent ac- 
cidental contact with personnel. All parts of equipment 
operating at elevated temperatures shall be installed in 
accordance with Section 2-5, Floors and Clearances. 

2-6.10 Pressure relief ports or gas burn-off ports of the 
furnace shall be so located or guarded so as to prevent in- 
jury to personnel from discharge of hot gas. 

2-6.11 If sight ports are provided, they shall be properly 
protected from radiant heat and physical damage. 

2-6.12 Water-cooling system devices such as relief 
valves, open sight drains, and waterflow switches shall be 
designed and installed for ready observation by operator. 

2-6.13 The basic vessel or vacuum chamber shall be de- 
signed in general accord with the ASME Boiler and 
Pressure Vessel Code, Division 1, Section 8, and shall not 
have a rate-of-rise greater than 5 x 10 -3 Torr (66.7 × 
10 -2 Pa) per hour. 

2-7 Furnace Exhaust Systems. Furnace exhaust systems 
shall be in accordance with requirements of Chapter 4. 

N O T E :  The  need for a furnace  exhaust  system for removal  of 
products  of combust ion,  heat,  toxic gases, and  other  objec- 
t ionable  gases will depend  on the hea t ing  processes, type of com- 
bustion,  hazard  to personnel ,  and  all app l icab le  air  pol lut ion 
control  regulat ions.  

2-8 Auxil iary Equipment, Access and Mounting. 
2-8.1 Mounting for auxiliary equipment, such as con- 
trol instruments, pumps, and safety devices, shall provide 
protection against damage by heat, vibration, and 
mechanical hazards. 

2-6.5 Heating devices and heating elements of all types 
shall be substantially constructed or located to resist 
mechanical damage from falling work, trucking, or other 
mechanical hazards inherent in industrial use. 

2-6.6 Radiation shields, refractory material, and ma- 
terials of insulation shall be retained or supported so they 
will not fall out of place. 

2-6.7 Water-cooled components, such as vacuum 
vessels, shall be designed with minimum wall thicknesses 
in accordance with corrosion tables and vessel standards 
(see ASME Pressure Vessel Code, Section 8). 

N O T E :  W h e r e  subject to corrosion, meta l  parts  should be ade- 
quate ly  protected.  

2-6.8 Items of instrumentation and control equipment 
which can be centrally grouped together shall be so 
brought to a singular location and mounted for ease of 
observation, adjustment, and maintenance and for pro- 
tection against unavoidable hazards including physical 
and temperature damage and exposure to other ambient 
hazards. Design of electrical components and the inter- 

2-8.2 Auxiliary equipment, such as conveyors, racks, 
shelves, baskets, and hangers, shall be of noncombustible 
material. 

2-9 Pumping Systems. 
2-9.1 Pumping systems shall consist of pumps, valves, 
related protective equipment, and measuring and control 
instrumentation that produce and control the level of 
vacuum in a vacuum furnace. 

N O T E :  V a c u u m  pumps  may be the ejector, mechan ica l  or dif- 
fusion type. 

2-9.2 Vacuum pumps shall be of sufficient capacity and 
efficiency to produce the level of vacuums intended for 
the process. (See Appendix B for general pump informa- 
tion. ) 

N O T E :  Where  au tomat i c  p u m p  control  modes  are provided,  a 
manua l  control  mode  should also be provided as an override.  

2-9.3 Mechanical pumps utilizing hydrocarbon oils 
shall not be used for pumping gases with oxygen contents 
greater than 25 percent by volume. 
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2-9.4 Diffusion pumps  and other  pumps  employ ing  a 
hea t ing  source shall inc lude thermosta ts  or o ther  
au toma t i c  t e m p e r a t u r e  contro l l ing  devices. 

N O T E :  It is r e c o m m e n d e d  t h a t  d i f fus ion p u m p s  be  c h a r g e d  
wi th  a v a c u u m  g r a d e  of  s i l icon-based  f lu id  to r educe  the  risk of  
explos ion on  i n a d v e r t e n t  exposu re  to a i r  when  h e a t e d  (see 
2-11.8). Diffusion p u m p  fluids with equ iva len t  or  supe r io r  fire 
res is tance m a y  be cons ide red .  

2-9.5 A fluid level gage shall  be instal led on diffusion 
pumps  with a p u m p  fluid capac i ty  over one quar t .  

2-9.6 W h e n  pe t ro leum or o ther  combus t ib le  fluids are 
used, the system shall be designed to minimize  the 
possibil i ty of f luid release which may  result  in a fire or ex- 
plosion. 

2-9.7 Sufficient cool ing shall be provided  for diffusion 
pumps  so as to prevent  excess vapors from backs t r eaming  
into furnace  chambers  and  to mechan ica l  pumps  to pre- 
vent overheat ing  of  the p u m p  fluids. 

2-9.8 Protec t ion  from fly wheels, belts and  other  mov- 
ing parts  shall conform to the requ i rements  of app l i cab le  
s tandards .  

2-9.9 Electr ical  wiring, switches and compleme n ta ry  
electr ical  equ ipmen t  shall conform to the requ i rements  of 
N F P A  70, National Electrical Code. 

2-10 Vacuum Gages and Controls. 
2-10.1 Vacuum gages and vacuum controls  shall be 
selected for a pa r t i cu l a r  system with cons idera t ion  to 
vacuum level, sensitivity, and  expected  con tamina t ion .  

N O T E :  V a c u u m  gages  m a y  c o n t a i n  con t ro l l i ng  devices to se- 
quen t i a l ly  o p e r a t e  e q u i p m e n t .  

2-10.2 Sui table  vacuum gages shall be instal led so levels 
of  vacuum may  be ascer ta ined  in the furnace  c ha mbe r  
and  between vacuum pumps  of m u l t i p u m p  systems. 

2-10.3 Vacuum gage controls  that  opera te  in conjunc- 
tion with sequent ia l  controls  shall be in ter locked to pre- 
vent d a m a g e  to furnace  componen t s  or work load.  

2-10.4 Hot  wire f i l ament  gages shall not  be used at 
pressures above 1 x 10 t T o r r  (13.3 Pa). 

N O T E :  In the  presence  of  explosive vapors  or  c o m b u s t i b l e  at- 
mospheres ,  use of  hot  wire f i l amen t  gages  c a n  be haza rdous .  

2-11 Vacuum Piping Systems. 
2-11.1 V a c u u m  pipe  lines, valves, and  mani fo lds  shall 
be designed to wi ths tand different ia l  pressures, sufficient 
conduc tance  for the appl ica t ion ,  and  a m a x i m u m  leak 
ra te  as requ i red  by the process but  no grea te r  than  the 
leak rate  specified by the m a n u f a c t u r e r  for the furnace.  

N O T E :  Pipes a n d  man i fo ld s  should  be as shor t  a n d  as l a rge  in 
cross sect ion as p rac t i ca l ,  consis tent  wi th  good  m a i n t e n a n c e  a n d  
e c o n o m i c  cons ide ra t ion .  

2-11.2 Pipes, valves, and  mani fo lds  shall be m o u n t e d  so 
as to provide pro tec t ion  against  d a m a g e  by heat,  vibra- 
tion, and  mechan ica l  hazard .  

2-11.3 Al lowable  leakage of  valves and  vacuum lines 
shall  depend  upon  the requ i rements  of the process. 

2-11.4 Isolat ion vacuum valves shall  be instal led be- 
tween the mechan ica l  fore pumps  and  the r ema in ing  
system inc luding  the furnace  chamber .  These  valves, if 
powered,  shall au tomat ica l ly  close when there is a loss of 
power to the fore p u m p  or the control  switch for the fore 
p u m p  is in the "off" posit ion. 

2-11.5 W h e r e  appl icable ,  a bypass shall be provided  be- 
tween the furnace  and roughing  a n d / o r  fore p u m p  so 
that  the c h a m b e r  can be rough p u m p e d  while the diffu- 
sion p u m p  remains  isolated.  

2-11.6 Inlet  gas quench ing  valves shall be designed to 
opera te  at app l i cab le  pressures on the gas side and  on the 
vacuum side. 

2-11.7 A pressure rel ief  valve shall be provided  on the 
furnace,  where pressurized backf i l l ing is employed.  It 
shall be loca ted  on the c h a m b e r  side of  all vacuum valves 
and shall be set for a safe positive pressure l imit  consistent 
with the furnace  c h a m b e r  design cri ter ia  (see Section 5-3, 
Safety Controls for Vacuum Systems). 

2-11.8 A warn ing  p la te  shall be aff ixed to diffusion 
pumps  covering safe methods  of servicing p u m p  s ta t ing 
the following: Do not open oil d ra in  or fill plugs for ser- 
vice unti l  p u m p  hea te r  is at room tempera tu re ,  otherwise 
ignit ion of  p u m p  oil can occur  with r ap id  expansion of  
gas causing d a m a g e  to p u m p  and  furnace  hot zone. 

2-12 Water-Cooling Systems. 
2-12.1 A water-cool ing system of  a vacuum furnace  
shall inc lude the appara tus ,  equ ipmen t  and  me thod  used 
to cool vacuum c ha mbe r  walls, e lectr ical  terminals ,  seals, 
work load  and,  when appl icab le ,  the in ter ior  of the fur- 
nace.  In tegra l  l iquid quench  systems are covered under  
Cha p t e r  6. 

2-12.2 Closed cooling systems shall be provided  with a 
pressure rel ief  valve to prevent  rup tu re  of lines, coils, and  
c h a m b e r  due to acc identa l  overheat ing  of  the cooling 
water.  

2-12.3 Cons idera t ion  shall be given to provide  pressure 
and  t e m p e r a t u r e  gages on exit  cool ing lines and shall be 
m a n d a t o r y  on closed cooling systems (see 5-3.3). 

2-12.4 If cool ing water  is d i scharged  into an open 
dra in ,  provisions shall be m a d e  for visual inspect ion of 
waterflow at outlets.  

2-12.5 If  heat  from the electr ic power  terminals  can 
d a m a g e  seals dur ing  processing cycles, provision shall be 
made  to cool the terminals .  

2-12.6 W h e n  water  is used as a cool ing med ium,  the 
control  valve shall stay open in the event of a power 
fa i lure  or coil fai lure so that  cooling water  is gua ran t eed  
for the unit .  
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2-13 Gas Quenching Systems. 
NOTE: After the thermal cycle has been completed, the work 
load is either transferred to a gas quenching vestibule or is gas 
quenched in the heating zone. Gas quenching is performed by 
introducing a cooling gas (usually nitrogen, hydrogen, argon or 
helium) until the pressure reaches a predetermined level (usually 
from - 2 psig to 12 psig above atmospheric), and recirculating 
the cooling gas through a heat exchanger and over the work by 
means of a fan or blower. The heat exchanger and fans or 
blower are either internal (within the furnace vacuum chamber) 
or external (outside the furnace vacuum chamber). 

2-13.1 Internal Heat Exchanger. In te rna l  heat  ex- 
changers  instal led in the  furnace  c h a m b e r  for the pur-  
pose of  ex t rac t ing  hea t  from a rec i rcu la t ing  cooling gas 
shall  be p ro tec ted  f rom excessive pressure and  hea t  
damage ,  and  also mechan ica l  d a m a g e  while load ing  or  
un load ing  the furnace .  

2-13.1.1 Heat  exchangers ,  components ,  and  connec- 
tions shall  be free from water  and  ai r  leaks. 

2-13.1.2 Hea t  exchangers  shall be m o u n t e d  to prevent  
v ibra t ion  or  the rmal  d a m a g e  that  could  cause a rup tu re  
du r ing  processing cycles. 

2-13.1.3 Hea t  exchanger  componen t s  shall have suffi- 
cient  s t rength  to resist p e r m a n e n t  de fo rma t ion  while ex- 
posed to the s imul taneous  m a x i m u m  pressure of  the 
coolant  source and  the m a x i m u m  vacuum a n d / o r  
pressure a t t a ined  in the furnace .  

2-13.2 External Heat Exchangers. External  heat  ex- 
changers  used for the purpose  of ex t rac t ing  hea t  f rom a 
rec i rcu la t ing  cooling gas shall  be enclosed in a vacuum- 
t ight  c h a m b e r  tha t  has a leak ra te  not  exceeding  the leak 
ra te  specif ied by the m a n u f a c t u r e r  for the furnace  
chamber .  

2-13.2.1 Hea t  exchangers ,  components ,  and  connec- 
tions shall be free f rom water  and  air  leaks. 

2-13.2.2 Hea t  exchangers  shall  be m o u n t e d  to prevent  
v ib ra t ion  or  the rmal  d a m a g e  that  could  cause a rup tu re  
du r ing  processing cycles. 

2-13.2.3 Hea t  exchanger  componen t s  shall  have suffi- 
cient  s t rength  to resist p e r m a n e n t  de fo rma t ion  while ex- 
posed to the s imul taneous  m a x i m u m  pressure of  the  
coolant  source and  the m a x i m u m  vacuum a n d / o r  
pressure a t t a ined  in the furnace.  

2-13.2.4 If  ex te rna l  hea t  exchangers  are used, they shall  
be instal led on the inlet  of rec i rcu la t ing  fans and  blowers. 

2-13.3 Fans and Blowers. 
2-13.3.1 Internal Fans and Blowers .  In te rna l  fans 
and  blowers used to c i rcula te  cool ing gas within the fur- 
nace c h a m b e r  and  th rough  a hea t  exchanger  shall be 
cons t ruc ted  to resist d a m a g e  by the hot  gases genera ted  at 
the highest  t empe ra tu r e  and heaviest  mass work load  
wa r r an t ed  by the m a n u f a c t u r e r  of  the furnace  and 
mechan ica l ly  designed to opera te  at pressure as low as ap- 
p rox imate ly  7 psi (48 kPa) absolute .  

2-13.3.1.1 All fans and  blowers shall  be so in ter locked 
as to be inoperab le  when exposed to the opera tor .  

2-13.3.2 External Fans and Blowers. External  fans 
and  blowers shall  be enclosed in a vacuum- t igh t  chambe r  
or casing tha t  has a leak ra te  not exceeding the leak ra te  
specified for the furnace.  

2-13.3.2.1 Fans and blowers tha t  are  au tomat ica l ly  se- 
quenced  in the processing cycle shall  have a m a n u a l  over- 
r ide control .  

2-13.3.2.2 Direct  e lectr ical ly dr iven fans and  blowers 
shall  have a pressure switch control  that  prevents opera-  
t ion below 7 psi (48 kPa) absolute  to prevent  motor  
fai lure.  

2-13.3.2.3 W h e r e  mo to r  windings are exposed to argon 
gas or o ther  ionizing gases, the voltage on the mo to r  shall 
be l imi ted  to 260 vo!ts m a x i m u m .  

NOTE: Motors may fie operated at higher voltages (480 volts) 
if the partial pressure is above 15 in. Hg (51 kPa). A pressure in- 
terlock should be considered. 

2-,13.4 Q u e n c h i n g  Gas.  

2-13.4.1 The  rec i rcu la t ing  gas shall be one that  is not  
ha rmfu l  to the elements,  furnace  heat  shields or insula- 
t ion or work when in t roduced  at  the quench ing  tempera-  
ture. 

2-13.4.2 R e c i r c u l a t i n g  C o o l i n g  Gas Lines .  Considera-  
t ion shall be given to the inclusion of  isolat ing valves be- 
tween an externa l  heat  exchanger  system and the furnace  
chamber .  

NOTE: Automatically controlled isolation valves sequenced in 
the processing cycle should have a manual override control. 

2-13.4.2.1 All lines shall be vacuum- t igh t  with a max-  
i m u m  leak ra te  as specified for the furnace  chamber .  

2-14 Heating Elements and Insulation. 
2-14.1 Mater ia l  for hea t ing  e lements  shall have a vapor  
pressure lower than  the lowest pressure at the manufac-  
turer ' s  specified m a x i m u m  tempera tu re .  

2-14.2 In te rna l  e lectr ical  insulat ion mate r i a l  shall re- 
m a i n  nonconduct ive  th rough  the full range  of vacuum 
and  t e m p e r a t u r e  l imits  specified by the manufac tu re r .  

2-15 Heat Baffles and Reflectors. 
2-15.1 Baffles, reflectors,  and  hangers  shall be designed 
to minimize  warpage  due to expans ion  and  contrac t ion .  

2-15.2 Baffles, reflectors,  and  hangers  shall be of  heat-  
resistant  ma te r i a l  that  will not  sag, rup tu re  or  crack 
unde r  no rma l  ope ra t ing  l imits specified by the manufac-  
turer .  

2-15.3 Baffles and  reflectors shall be accessible and  
removable  for the purpose  of  c leaning and  repai r ing .  
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Chapter 3 Heating System for Resis tance  

Heated Vacuum Furnaces 

3-1 General. 
3-1.1 For  the purpose  of this chapte r ,  the te rm "furnace  
hea t ing  system" shall  inc lude an electr ical  power  supply,  
general ly  240/480 volt, 3 phase,  60 Hz, the hea t ing  
e lements  and  the furnace  insulat ion a n d / o r  heat  shields. 

N O T E :  The  source of heat  is a result  of electr ical  hea t ing  (12R) 
of the in te rna l  hea t ing  elements .  The  t ransfer  of heat  into and  
th roughou t  such a furnace  is pr inc ipa l ly  by radia t ion .  

3-1.2 Electr ical  ins ta l la t ion shall be in accordance  with 
N F P A  70, National Electrical Code, and  as descr ibed 
hereaf ter .  

3-1.3 All components ,  such as the vacuum cha mbe r  
and  control  cabinet ,  shall be g rounded .  

3-2 Power  Supp ly .  

3-2.1" It shall be the purpose  of  the power supply to 
t ransform the relatively high voltage power  line to low 
voltage, high current  power sui table  for energizing the 
hea t ing  elements.  Cons idera t ion  shall  be given to fur- 
nishing the power supply with a means  of p ropor t iona l  
control .  

N O T E :  General ly  this is accompl ished  wi th  e i ther  a sa tu rab le  
core reactor  t ransformer ,  an  ad jus tab le  auto  t ransformer ,  a solid 
state s i l icon-control led rectif ier  unit ,  or an electronic  igni t ion 
system or equivalent .  The  most  c o m m o n  var iable  power supply is 
the sa tu rab le  core reactor  t ransformer .  An example  of a 
schemat ic  is ind ica ted  in Figure A-3-2.1. (The  design of the 
power supply is specific for each ind iv idua l  furnace  and  size.) 

3-2.2 The  power supply shall  conta in  a s tepdown 
t ransformer ,  a control  device such as a sa tu rab le  core 
reac tor  t ransformer ,  p r imary  fuses or circuit  breakers  for 
electr ical  protect ion,  an electr ical  disconnect  switch for 
service, and  a power control ler  to accept  a control  signal 
f rom the furnace  t empe ra tu r e  control ler .  

N O T E :  The  power supply ou tpu t  vol tage should  be l imi ted  to 
a m a x i m u m  of 80 volts to prevent  electr ical  b reakdown or inter- 
nal  furnace  arcing.  As the a tmospher ic  pressure is reduced in the 
hot zone area and  the hea t ing  elements,  the a rc ing  voltage 
changes.  Arc ing  voltage change  is a funct ion of electr ical  spac- 
ing and  pressure. This  funct ion is not  l inear  but  has a m i n i m u m  
value for most  gases uti l ized as cool ing or par t ia l  pressure media  
in vacuum furnaces.  If  the voltage stress and  m e a n  free pa th  
re la t ionship  reaches a cr i t ical  value, corona d ischarge  and arc- 
ing commences  as a resul t  of field emission of electrons. 

3-2.3 Assuming a three-phase  power  line, every a t t empt  
shall  be m a d e  to provide  ba l anced  line currents  across all 
three  phases as a result  of  hea t ing  e lement  load.  

3-3 Heating Elements. 
3-3.1 The  design may  take several forms such as rods, 
bars, sheet or  c loth but  shall  be l imi ted  to mate r ia l s  tha t  
will not  vaporize under  m i n i m u m  vacuum and  m a x i m u m  
tempera tu re .  

N O T E :  Sui table  ma te r i a l s  are genera l ly  graphi te ,  molybde-  
num,  t an t a lum,  tungs ten  and  others.  

rate ,  m a i n t a i n i n g  ope ra t ing  t empera tu re ,  and  to meet  
t e m p e r a t u r e  uni formi ty  specifications.  The  hea t ing  
e lements  are electr ical ly energized and  shall  be suppor ted  
in such a way as not  to come in contac t  with work pieces 
or  fixtures and  as no1: to come in contac t  with furnace  
hea t  shield or insulat ion re ta iner  mater ia ls .  

N O T E :  In the event of contact ,  e lectr ical  short  circuits  can  
result  in ma jo r  d a m a g e  to the hea t ing  elements,  work, or fur- 
nace  parts. 

3-3.3* Hea t ing  e lement  suppor t  hangers  and  insulators 
shall  be of  compa t ib l e  mater ia l s  to provide electr ical  in- 
sulat ion and  nonreac t ing  mater ia l s  at specified vacuum 
levels and  tempera tures .  

N O T E :  Since mate r ia l  surfaces are general ly  oxide-free in 
vacuum,  react ion occurs easily in the solid state. Some eutect ic  
t empera tu res  are ind ica ted  in Tab le  A-3-3.3. 

3-3.4 W h e n  hea t ing  elements  are connected  in series or 
para l le l  circuits,  connect ions  shall be free of  a rc ing  and  
easily disassembled.  

3-3.5 Hea t ing  e lement  power t e rmina l  and  vessel feed- 
th rough  design shall be considered for vacuum integri ty 
and  hea t ing  effects. 'Vacuum m a t i n g  surfaces shall be 
free f rom dir t  and  scratches and  equivalent  to O-Ring  
designs. 

3°3.6 Power t e rmina l  connect ion  points  to power supply 
cables shall be covered[ or housed to prevent  high cur ren t  
electr ical  haza rd  to personnel .  

3-4 F u r n a c e  T h e r m a l  Insulation and H e a t  Shields .  

N O T E :  The  heat  energy produced  by the hea t ing  elements  
transfers into the work pr incipal ly  via r ad ia t ion  and th rough  the 
insula t ion or hea t  shields into the cooled walls of the vacuum 
vessel. The  cooling m e d i u m  is cont inual ly  c i rcu la ted  th rough  the 
walls of the vessel, m a i n t a i n i n g  a cold wall.  General ly  water  is 
used as the cooling med ium.  

3-4.1 Insula t ion  sh~Lll not b reak  down at specified 
vacuum levels and  tempera tures .  

NOTE:  Examples  of proper  insula t ion  may be g raph i te  wool, 
a lumina / s i l i c a  fibers, and  other  mater ia l .  

3-4.2 Mul t ip le  layers of  meta l  heat  shields shall be 
sui table  assuming that  these mater ia l s  are in accord with 
the t empe ra tu r e  and vacuum specificat ion.  

NOTE:  Molybdenum,  t an ta lum,  tungsten,  p a l l a d i u m  and  
304/316 stainless steel are examples .  

3-4.3 Careful  attentiion shall be given to re ta in  ei ther  
the insulat ion or heat  shields to prevent  contact  with the 
hea t ing  elements.  

3-4.4* Since most furnace  designs utilize forced gas 
quenching,  care shall be taken to prevent  insulat ion from 
break ing  up and becoming  "a i rborne , "  thereby blocking 
heat  exchangers  and  causing vacuum valve seals to leak. 

Chapter 4 E q u i p m e n t  V e n t i l a t i o n  

3-3.2 T h e  hea t ing  e lement  p l acemen t  and  geomet ry  4-1 Mechanica l  vacuum pumps  with capaci ty  larger  
shall  be careful ly considered to achieve p rope r  hea t ing  than  15 cu ft per  minu te  (7 × 103m3/s)  shall be vented 
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to a safe location in accordance with all applicable codes 
and  air pollut ion control regulations. 

4-2 An oil drip leg in accord with the vacuum p u m p  
manufac turer ' s  r ecommenda t ion  shall be designed into 
the vent p iping system. 

4-3 Vent piping shall be free from gas or oil leaks and 
shall be of noncombust ib le  pipe construction.  

Considerat ion shall be given to provide an oil mist 
separator when the discharge vapor concentra t ion  is ex- 
cessive. 

4-4 Where con taminan ts  are exhausted from a furnace 
and  related equ ipment  into a room, considerat ion shall 
be given to provide the room with mechanical  venti lat ion 
consisting of an air intake system br ing ing  air in from the 
outside and  an exhaust system exhaust ing an equal 
amoun t  of air to the outside. 

Considerat ion shall be given to ascertain that the sup- 
ply air is uniformly distr ibuted within the area, and  that 
the exhaust duct  is ar ranged to el iminate  all pockets and 
dead air areas at either floor or ceiling levels, depending  
on the type of con taminan t  being evolved. 

4-5 W h e n  any reactive gases or other combustible gases 
are exhausted, precaut ionary procedures for pumping ,  
purg ing  or operat ing shall be in accordance with the 
manufac turer ' s  recommendat ions .  

4-6 Personnel shall never enter a chamber  in which at- 
mospheres other than air have been used without first 
purg ing  the chamber  with air to remove residual gas. 

NOTE 1: Purging may be accomplished by evacuating the 
chamber to one Torr or less and refilling with air. When purging 
the chamber directly with air changes, sufficient cycles should be 
run to dilute any residual gases below threshold limits. Addi- 
tional consideration should be given to providing personnel with 
special safety equipment before entering the chamber and addi- 
tional personnel should be in attendance outside of the chamber. 
NOTE 2: Gas atmosphere densities can be greater or less than 
air, and thus consideration should be given to air inlet and outlet 
locations for direct purging. 

Chapter 5 Safety Control Equipment for Class D 

Vacuum Furnaces 

5-1 General Requirements. 
5-1.1 For safety of personnel and protection of property 
against explosion, implosion, or fire, careful considera- 
tion shall be given to all hazards peculiar  to each in- 
dividual instal lat ion connected with the uti l ization of a 
resistance-heated, electric, Class D vacuum furnace.  All 
auxiliary apparatus  utilized in the operat ion of the fur- 
nace shall be safeguarded to avoid these hazards. 

5-1.2 Safety devices shall be used which will provide 
protection against: 

(a) Over temperature  where the furnace is self- 
destructive; 

(b) Both explosion and implosion due to excessive 
pressures; 

(c) Explosion and fire due to misuse of atmospheres 
a n d / o r  in ternal  quenching  media;  

(d) The  misuse of the vacuum p u m p i n g  system and 
other auxiliary equipment ,  such as out-of-sequence 
operat ion and accidental  in t roduct ion of air. 

5-1.3 Safety devices shall be properly specified and in- 
stalled where prescribed in this s tandard.  Safety devices 
shall not be shorted out or bypassed in the system. 

5-1.4 All safety control equipment ,  as well as the fur- 
nace itself, shall be inspected and ma in t a ined  in accor- 
dance with a ma in tenance  checklist. (See typical checklist 
in Section ,4-11-2.) 

5-1.5 Where special ma in tenance  and inspection pro- 
cedures are required due to the na ture  of the equipment ,  
p lant  m a n a g e m e n t  and the authority having jurisdiction 
shall prescribe the time interval at which the equ ipment  
and the controls shall be tested for service reliability, 
based on the recommendat ions  of the equ ipment  manu-  
facturer. 

NOTE: Partial protection caused by the failure of any one 
safety device could be more dangerous than no protection at all. 

5-2 Safety Controls for Electr ic  H e a t i n g  Systems. 

5-2.1 Safety control applicat ion.for  the heat ing system 
in such furnaces shall provide for protection from excess 
temperature,  for protection of the heat ing element,  ra- 
diant  shields, a n d / o r  insulation,  and  for the safety of the 
operator of such a furnace. Safety control instruments  
shall be of the fail-safe type. 

NOTE: For a description of electric heating systems in vacuum 
resistance furnaces, refer to Chapter 3. 

5-2.2 Electric heat ing equ ipment  in a vacuum furnace 
shall not be operable unt i l  sufficient cooling water is pro- 
vided to prevent overheating of the vessel, power ter- 
minals,  and other cooled systems. 

5-2.3 Electric heat ing equ ipment  in a vacuum furnace 
shall not be operable unt i l  a sufficient vacuum level has 
been at ta ined inside the furnace chamber  in order to pro- 
vide protection for the furnace elements, rad iant  shields, 
a n d / o r  insulation. 

5-2.4 Electric heat ing equ ipment  in vacuum furnaces 
shall be equipped with a ma in  disconnect device, capable 
of deenergizing the entire heat ing system under  load in 
accordance with NFPA 70, National Electrical Code, and 
current  NEMA standards.  (See 3-2.1 and 3-2.2.) 

5-2.5 All controls, using thermal  protection or trip 
mechanisms, shall be so located or protected as to 
preclude faulty operat ion due to abnormal  temperatures  
or other furnace hazards. 

5-2.6 Material hand l ing  or posit ioning controls shall be 
arranged for proper sequence of operat ion with other fur- 
nace special atmosphere and safety controls, and also to 
assure emergency action as may be needed in the event of 
mal func t ion  of the material  hand l ing  system. 

Exception: It is permissible to install provzsion for 
operating conveyors manually or by means of a constant 
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pressure pushbutton for the purpose of removing 
material from the furnace in event of malfunction in the 
automatic system. 

5-2.7 W h e r e  a furnace  is subject  to damage ,  an excess 
furnace  t empe ra tu r e  l imit  control  shall be provided  for 
annunc ia t ion  and  in te r rup t ion  of  power supply to the 
furnace  hea t ing  system. 

5-2.7.1 Manua l  reset shall  be provided  to prevent  
au tomat i c  res tora t ion of power.  

5-2.7.2 These  controls  shall be in add i t ion  to any nor- 
mal  opera t ing  t empe ra tu r e  control  devices. 

5-2.8 Branch  circuits and  b ranch  circui t  pro tec t ion  for 
all e lectr ical  circuits in the furnace  hea t ing  system shall 
be provided  in accordance  with N F P A  70, National Elec- 
trical Code. 

5-3 Safe ty  Con t ro l s  for  V a c u u m  F u r n a c e  Systems. 

5-3.1 Pressure controls  shall be instal led on all Class D 
vacuum furnaces to prevent  excessively high pressures 
beyond the inherent  design of the vacuum vessel. These 
controls  are designed to prevent  d a m a g e  due to excessive 
pressures, d a m a g e  due to ox ida t ion  of  in ternal  equip-  
men t  mater ia ls ,  and  ha rm to the safety of the furnace  
opera to r .  

5-3.2* An ind ica t ing  or recording  vacuum gage shall be 
employed  to read  pressures in the vessel chamber ,  in the 
forel ine of  the vacuum system, and at cri t ical  areas of the 
vacuum system. Wherever  vacuum levels are below 1 x 
10 -3 T o r r  (1.3 x 10 -1 Pa) an ioniza t ion- type  gage or 
equivalent  shall be employed.  

N O T E :  T h e  ca l i b r a t i on  of  all v a c u u m  gages  shou ld  follow the  
s t a n d a r d s  specif ied by the A m e r i c a n  V a c u u m  Society. For  a 
desc r ip t ion  of  the  var ious  types of  v a c u u m  gages ,  see A-5-3 .2 .  

5-3.3 Wherever  a closed loop cooling water  system (not 
an open sight d ra in  system) is uti l ized, t empe ra tu r e  or 
flow sensing devices shall be located at exit water  lines to 
sense and  indicate  the t empe ra tu r e  or flow of  the cooling 
water .  Cons idera t ion  shall be given to having these 
devices connected  to a larms and to deenergize the fur- 
nace system, whenever  a set t empe ra tu r e  is exceeded.  In 
any case these sensing devices shall be connected  to in- 
d ica t ing  ins t ruments  that  can be read  by the furnace  
opera tor .  

5-3.4 The  vacuum c h a m b e r  (and  the cooling or quench 
vestibule, if separate)  shall be equ ipped  with a pressure 
rel ief  valve that  protects  the chamber ,  a t tachments ,  a n d  
doors from excessive gas pressure dur ing  the pressurizing 
or cooling cycles. 

In o rder  to relieve excess pressure on the vacuum 
c h a m b e r  cool ing water  jacket ,  a pressure rel ief  device 
shall be instal led.  

5-3.5 Au toma t i c  valves shall be provided  to close the 
ho ld ing  pump ,  foreline,  roughing,  and  ma in  vacuum 
valves in the event of a power  supply or o ther  valve ac- 
tua t ing  m e d i u m  failure,  in order  to prevent  p u m p  oil or 
air  f rom passing th rough  the system or causing d a m a g e  to 
the furnace  a n d / o r  load.  

5-3.6 Considerat ion shall be given to the ins ta l la t ion of 
a visible device that  indicates  the on-off  condi t ion  at  each 
vacuum p u m p  whether  it is ope ra ted  manua l ly  or auto- 
mat ical ly .  In  an au tomat i c  p u m p i n g  system the use of an 
a l a rm to indicate  the in te r rup t ion  of an opera t ion  shall 
also be given considerat ion.  

5-3.7 Wherever  l iquid ni t rogen is employed  as a coolant  
in cold traps,  considera t ion  shall be given to the installa- 
t ion of  a l iquid level '.sensor and control ler  with an a la rm 
to indicate  low levels of ni t rogen.  

5-3.8 A decal  or sign shall be posted at each diffusion 
p u m p  where it can easily be seen by ma in t enance  person- 
nel with a warning  that  the oil filter p lug  is not  to be loos- 
ened or removed unless the diffusion p u m p  oil is at room 
tempera tu re .  

5-4 Safe ty  Con t ro l s  for  I n t e r n a l  Q u e n c h  V a c u u m  F u r -  
n a c e s .  

5-4.1 Wherever  a vacuum furnace  has an in ternal  liq- 
uid  quench chamber ,  in add i t ion  to the above safety con- 
trols, the following controls shall be provided:  

5-4.1.1 Au toma t i c  t empe ra tu r e  controls  shall be in- 
s tal led in pressure-type water-cool ing and oil-cooling 
systems to ensure the desired jacket  t empera tu re .  

5-4.1.2 Wherever  an external  door  adjacent  to the 
quench c ha mbe r  is employed,  the opera t ion  of such door  
shall be in ter locked so that  it cannot  be opened  unless the 
elevator  is in its full load ing  or quench ing  position. 

Exception: A manual override may be used in emergencies. 

5-4.1.3 Controls  for the admi t t ance  and ma in t enance  
of protect ive a tmosphere  within the uppe r  quench 
c h a m b e r  shall conform to the controls  descr ibed under  
Section 5-5. 

5-4.1.4 The  quench reservoir shall be equ ipped  with a 
re l iable  quench m e d i u m  level indicator .  If  of the sight 
glass type, the level ind ica tor  shall be of heavy-duty  con- 
s t ruct ion and pro tec ted  from mechan ica l  damage .  

A l imit  switch shall be in ter locked into the load 
transfer  system to prevent  transfer  of  the load in the heat  
c h a m b e r  to the quench rack unless the quench rack is in 
p roper  posit ion, when the furnace  a r r angemen t  dictates.  

5-4.1.5 The  quench tank  shall be equ ipped  with a low- 
level device a r r anged  to sound an a la rm,  prevent  s tart  of 
quench ing  and shut off hea t ing  m e d i u m  in case of a low- 
level condi t ion.  

5-4.1.6 Excess t empe ra tu r e  l imit  control  shall be pra-  
vided, and  sui tably in ter locked to au tomat ica l ly  shut off 
the quench hea t ing  med ium,  and shall require  opera to r  
a t ten t ion  in case of excessive quench m e d i u m  tempera-  
ture.  Excess t empera tu re  l imit  shall be in ter locked to pre- 
vent s tar t  of  quenching  in case of  excessive quench 
m e d i u m  tempera tu re .  Audib le  a n d / o r  visual a larms shall 
be provided.  

5-4.1.7 W h e n  agi ta t ion  of  the quench m e d i u m  is re- 
qui red  to prevent  overheat ing,  then the agi ta t ion  shall be 



86D-16 INDUSTRIAL FURNACES USING VACUUM AS AN ATMOSPHERE 

interlocked to prevent quenching until the agitator has 
been started. 

5-4.1.8 When a combustible liquid quench medium is 
used with water jackets or internal water-cooled heat ex- 
changer, a water detector shall be provided for the 
quench tank to sound an audible alarm, and interlocked 
to prevent quenching in the event that water content of 
the quench medium exceeds 0.35 percent by volume. 

5-5 Safety Controls for V a c u u m  Furnaces with Special 
Atmospheres Operating at Partial V a c u u m  Levels. 
5-5.1 Wherever a gas atmosphere is provided in a 
vacuum furnace under partial vacuum levels the follow- 
ing additional safety controls shall be utilized: 

5-5.1.1 A manual shutoff valve shall be provided in any 
flammable atmosphere gas supply pipe to the vacuum 
furnace. 

5-5.1.2 Consideration shall be given to the installation 
of a preset pressure controller to operate a control valve 
automatically for the introduction of gases for partial 
pressure operation. 

5-5.1.3 In the event of the use of any flammable at- 
mospheres, automatic valves interlocked to prevent in- 
troduction of such atmospheres until a vacuum level of 
less than 1 × 10 -t Torr (13.3 Pa) is attained shall be pro- 
vided. 

5-5.1.3.1 In the event that a multichamber or 
continuous-type vacuum furnace is equipped with flam- 
mable atmospheres, each chamber shall be provided with 
interlocking valves to prevent the introduction of such at- 
mospheres until a vacuum level of less than 1 × 10"1 Torr 
(13.3 Pa) is attained in the respective chamber. 

5-5.1.4 When a flammable or reactive atmosphere is 
used, an atmosphere gas supply monitoring device shall 
be provided to permit the operator to visually determine 
the adequacy of gas flow at all times. 

5-5.1.5 Audible and/or  visual alarms shall be provided 
to alert the furnace operator of abnormal flammable at- 
mosphere flow conditions detected by monitoring 
devices, thus giving the operator the necessary time to ac- 
tuate emergency shutdown procedures. 

Consideration shall be given to the installation of an 
emergency inert gas purging system where using flam- 
mable atmospheres which may consist of: 

(a) ASME coded storage tank(s) sized to hold a mini- 
mum of 5 furnace volumes (scf) of inert gas which is free 
of oxygen and contains less than 4 percent total com- 
bustibles. 

(b) Tank pressure monitoring devices to indicate ab- 
normally low or high tank pressure. 

(c) ASME tank relief devices sized, constructed and 
tested in accordance with the ASME Boiler and Pressure 
Vessel Code, Section 8, Division 1, Part UG, Pressure 
Relief Devices. 

(d) Operator's actuation station having necessary hand 
valves, regulators, relief valves, flow and pressure 
monitoring devices. 

(e) Separate furnace inlets for introduction of emer- 
gency inert gas. 

(f) Audible and/or  visual alarms to alert operator of 
abnormal tank pressures, and abnormal purge flow rate. 

(g) Gas analyzing equipment for assuring furnace is 
purged. 

Chapter 6 Integral Liquid Quench  

V a c u u m  Furnaces 

6-1 General. 

NOTE: Integral liquid quench systems may be constructed 
within the furnace vacuum chamber or may be in quench 
vestibules separated from the heating portion of the chamber 
with a door or vacuum-tight valve. Semicontinuous furnaces 
employ valves on each end of the hot vacuum zone. These fur- 
naces may be divided into three separate chambers: a loading 
vestibule, hot vacuum chamber, and cooling vestibule. With this 
arrangement,  cooling or pressurizing the hot vacuum chamber is 
not required for loading and unloading, Cooling vestibules are 
often equipped with elevators so that loads may be either 
vacuum, gas, or oil quenched. 

6-2 Requirements .  
6-2.1 The vacuum chamber and/or  quench vestibule 
shall be equipped with a pressure relief valve that protects 
from excessive pressure during the backfilling portion of 
the cycle. 

NOTE 1: The integral quench tank, using a combustible liq- 
uid, may be subject to the introduction or accumulation of water 
from a number of sources which, when exposed to the heat re- 
leased from quenching of work, flashes to steam. The resulting 
increase in volume causes over-pressurization of the quench 
vestibule. 

NOTE 2: Cooling medium for the vacuum vessel and furnace 
cover should be controlled by restricting the flow or by recircula- 
tion to maintain vessel walls above ambient dewpoint tempera- 
tures. 

6-2.2 When quench vestibules are used with semicon- 
tinuons furnaces, the quench vestibule shall be vacuum- 
tight and shall be constructed of noncombustible 
materials with due regard-to the fire and explosion 
hazards. Attention to mechanical functions and corrosive 
conditions is vital to ensuring reliable, safe operations. 

NOTE: The quench vestibule's design and size are dependent 
upon end use. If the quench vestibule doubles as atmosphere gas 
cooling chamber, forced cooling is normally required, provided 
by water, jackets, plate coils, or tubing tracing. 

6-2.3 If an intermediate door between furnace and 
quench vestibule is employed it shall be closed during the 
quenching operation to serve as a baffle. 

6-2.4 Manual facilities shall be provided to permit 
opening of the outer quench vestibule door. Opening of 
this door under emergency conditions shall be an 
operating personnel decision. 

6-3 Construction of  Q u e n c h i n g  Tanks .  
NOTE: These requirements are intended to cover any design 
using water as a cooling medium, where, by means of leakage or 
condensation, the quench medium is exposed to an accumula- 
tion of water. 
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6-3 .1  T h e  q u e n c h  t a n k  sha l l  b e  d e s i g n e d  a n d  con-  
s t r u c t e d  to c o n t a i n  t h e  q u e n c h  m e d i u m  c a p a c i t y  a t  t h e  
e x p e c t e d  o p e r a t i n g  t e m p e r a t u r e  a n d  w i t h  m a x i m u m  
w o r k  l o a d  v o l u m e .  

6 -3 .1 .1  T h e  q u e n c h  t a n k  sha l l  b e  t e s t e d  for  leaks  p r i o r  
to  use.  

6 - 3 . 1 . 2  T h e  q u e n c h  t a n k  shal l  be  d e s i g n e d  a n d  o p e r a t e d  
w i th  a m a x i m u m  q u e n c h  m e d i u m  level,  w h e n  e l eva to r  a n d  
work  l o a d  a re  s u b m e r g e d ,  of  n o t  less t h a n  6 in.  (15 .2  cm)  
be low d o o r  or  a n y  o p e n i n g  i n to  t he  f u r n a c e .  

6 -3 .1 .3  T h e  q u e n c h  t a n k  sha l l  h a v e  su f f i c i en t  c a p a c i t y  
to q u e n c h  a m a x i m u m  gross l o a d  w i t h  a m a x i m u m  t e m -  
p e r a t u r e  r ise  t h a t  will n o t  e x c e e d  5 0 ° F  ( 1 0 ° C )  b e l o w  t h e  
f l a s h  p o i n t  a n d  c o o l i n g  c a p a b i l i t i e s  to  r e c o v e r  q u e n c h  
m e d i u m  t e m p e r a t u r e  b e t w e e n  m i n i m u m  d e s i g n  q u e n c h  
cycles.  

6 -3 .2  W h e n  h o t  ro l l ed  steel  p l a t e  is used ,  oil or  o t h e r  
c o m p a t i b l e  c o o l a n t  sha l l  be  used  in  p l a c e  o f  wa te r .  

NOTE 1: Although hot rolled steel plate has been used for 
many years with water cooling, it is not to be recommended as 
corrosion is continuous and its physical state difficult to deter- 
mine. 
NOTE 9: Jacketed stainless steel plate may be used, with 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, such as columbium or titanium or the low carbon L-Series 
type, corrosion can take place faster than in hot rolled steel due 
to carbide precipitation in the steel at the welds. If used, a 
careful study should be made as to compatibility of materials 
and welding techniques employed. 
Steel plate coils, attached by thermo contact cement to the exter- 
nal surfaces of the quench chamber, fabricated of hot rolled 
steel plate, have produced acceptable heat transfer, and careful 
attention given to the design of the junction of the upper and 
lower chambers minimizes the possibility of water leak into the 
quench reservoir. 
Steel plate coils can be used with either water- or oil-type 
coolants, although the eventual plugging of the passages with 
rust and mineral deposits can be anticipated when water is used 
as a coolant. The use of stainless steel plate coils, while a more 
expensive construction method, will considerably reduce the 
possibility of plugging the water passages. 
Serpentine coil formed fi-om a noncorrosive tubing material 
brazed or welded to the exterior surfaces of a cooling chamber, 
fabricated of hot rolled steel plate, has produced acceptable heat 
transfer. When careful attention is given to the design of the 
junction of the upper and lower quench vestibule, the possibility 
of a water leak into the quench tank is minimized. 
NOTE 3: This paragraph does not apply to the vacuum fur- 
nace chamber. 

6 -3 .3  I f  a w a t e r - c o o l e d  e x c h a n g e r  is e m p l o y e d ,  t he  
q u e n c h  oil c i r c u l a t i n g  p u m p  sha l l  b e  i n s t a l l e d  o n  t h e  i n l e t  
s ide  o f  t h e  h e a t  e x c h a n g e r  a n d  t h e  q u e n c h  m e d i u m  
p r e s s u r e  sha l l  a lways  e x c e e d  t h a t  o f  t h e  c o o l i n g  wa te r .  

6 -4  E l e v a t o r s .  

6-4 .1  T h e  e l e v a t o r ' s  f u n c t i o n  sha l l  b e  to  i m m e r s e  t h e  
w o r k  c h a r g e  i n t o  t h e  q u e n c h  m e d i u m  w i t h  m i n i m u m  
sp lash .  A t  t e r m i n a t i o n  o f  t h e  t i m e d  q u e n c h  cycle,  t h e  
e l e v a t o r  sha l l  b e  r a i s e d  to d r a i n  p o s i t i o n  a t  h e a r t h  level .  

6 -4 .2  T h e  e l e v a t i n g  m e c h a n i s m  sha l l  b e  s u b s t a n t i a l l y  
. suppor t ed  by  s t r u c t u r a l  m e m b e r s  to  h a n d l e  t h e  m a x -  
i m u m  r a t e d  loads .  

6 -4 .3  E l e v a t o r  g u i d e s  or  ways sha l l  b e  p r o v i d e d  to en-  
su re  u n i f o r m  s t ab i l i z ed  m o v e m e n t  of  t h e  e l e v a t o r  in  t h e  
c o n f i n e d  a r ea s  o f  t he  q u e n c h  t a n k .  

6 -4 .4  T r a y  g u i d e s  a n d / o r  s tops  sha l l  b e  p r o v i d e d  to en-  
su re  t r ay  is p r o p e r l y  p o s i t i o n e d  o n  t he  e l eva to r .  

6-5  C o o l i n g  Sys t ems .  

NOTE: Quench medium tanks generally utilize a cooling 
system to maintain the general quench medium at an operating 
temperature to reduce the quantity of quench media required. 
Three basic cooling systems are in general use, consisting of: 
(a) Internal cooler, where heat transfer medium is circulated 
through heat exchanger within quench tanks. 
(b) External cooler, where quench medium is withdrawm from 
quench tank, circulated through a water-cooled heat exchanger. 
and returned. 
(c) External cooler, where quench medium is withdrawm from 
quench tank, circulated through an air-cooled heat exchanger, 
and returned. 

6-5 .1  C o n s i d e r a t i o n  sha l l  b e  g i v e n  to t he  use of  n o n c o r -  
ros ive  m a t e r i a l s  for  t h e  c o n s t r u c t i o n  o f  i n t e r n a l  t a n k  
c o o l e d  h e a t  e x c h a n g e r s .  

6 -5 .2  T h e  h e a t  e x c h a n g e r  sha l l  b e  s u b j e c t e d  to a m i n i -  
m u m  p r e s s u r e  tes t  of  150 p e r c e n t  of  m a x i m u m  d e s i g n e d  
w o r k i n g  p r e s s u r e  a f t e r  i n s t a l l a t i o n  in  q u e n c h  t a n k .  

NOTE: The heat exchanger should be subjected to similar test 
prior to being placed in service, and at periodic intervals 
thereafter, to ascertain that it is free of leaks. 

6 -5 .3  T h e  h e a t  e x c h a n g e r  sha l l  b e  l o c a t e d  w i t h i n  t he  
q u e n c h  t a n k  in  such  a m a n n e r  as n o t  to  b e  sub jec t  to me-  
c h a n i c a l  d a m a g e  by  t he  e l eva to r  or  l o a d  to be  q u e n c h e d .  

6 -5 .4  T h e  coo l i ng  m e d i u m  f low sha l l  b e  c o n t r o l l e d  by  
a n  a u t o m a t i c  t e m p e r a t u r e  c o n t r o l l e r .  

6 -5 .5  I f  it is poss ib le  to c o m p l e t e l y  close o f f  t h e  i n t e r n a l  
h e a t  e x c h a n g e r ,  a p ressure  re l i e f  sha l l  b e  p r o v i d e d ,  ter-  
m i n a t i n g  in  a safe l oca t i on .  

NOTE: Tubes of the heat exchanger which are exposed to con- 
tact with water should be constructed of noncorrosive materials. 

6 -5 .6  T h e  h e a t  e x c h a n g e r ,  a f t e r  f a b r i c a t i o n ,  sha l l  b e  
s u b j e c t e d  to a m i n i m u m  p r e s s u r e  tes t  of  150 p e r c e n t  of  
t h e  m a x i m u m  desig-n w o r k i n g  p res su re .  

NOTE: The heat exchanger should be subjected to similar test 
prior to being placed in service, and at periodic intervals 
thereafter, to ascertain that it is free of leaks. 

6 -5 .7  T h e  p r e s s u r e  of  t he  q u e n c h  m e d i u m  t h r o u g h  t he  
h e a t  e x c h a n g e r  sha l l  b e  g r e a t e r  t h a n  t he  w a t e r  p r e s s u r e  
a p p l i e d .  

6 -5 .8  E x t e r n a l  a i r - c o o l e d  h e a t  e x c h a n g e r s  i n s t a l l e d  out -  
o f -door s  sha l l  be  s t r u c t u r a l l y  r e i n f o r c e d  to w i t h s t a n d  an-  
t i c i p a t e d  w i n d  forces  w i t h o u t  d a m a g e  a t  e l e v a t i o n  a t  
w h i c h  it is m o u n t e d .  

E x t e r n a l  a i r - c o o l e d  h e a t  e x c h a n g e r s  i n s t a l l e d  ou t -o f -  
doo r s  or  w h i c h  u t i l ize  s u p p l e m e n t a l  w a t e r  c o o l i n g  sha l l  b e  
c o n s t r u c t e d  o f  m a t e r i a l s  s u i t a b l y  p r o t e c t e d  a g a i n s t  cor ro-  
s ion.  

6 -5 .9  E x t e r n a l  w a t e r - c o o l e d  h e a t  e x c h a n g e r s  sha l l  in- 
c o r p o r a t e  p r o t e c t i v e  f ea tu r e s .  
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6-5.9.1 T h e  oil pressure th rough  the hea t  exchanger  
shall  be m a i n t a i n e d  grea te r  than  the water  pressure.  

6-5.9.2 If  it is possible to comple te ly  close off the exter- 
nal  hea t  exchanger ,  a pressure rel ief  shall  be provided,  
t e rmina t ing  in a safe locat ion.  

6-5.10 External Air-Cooled System. 
6-5.10.1 An  external  heat  exchanger  instal led out-of- 
doors shall be provided  with l igh tn ing  pro tec t ion  if 
loca ted  in an exposed, roof top locat ion.  

6-5.10.2 If  the a i r -cooled heat  exchanger  is insta l led in 
a roof top locat ion,  it shall  be instal led in a curbed  or 
d iked area,  d r a i n e d  to a safe loca t ion  outside of  the 
bui ld ing.  

6-6 Electric Immersion Heaters. 
6-6.1 Electr ic heaters  shall be of  a shea th- type  construc- 
tion. 

6-6.2 Heaters  shall be instal led so tha t  tl~e hot  sheath is 
fully submerged  in .the quench  m e d i u m  at all t imes. 

6-6.3 T h e  quench m e d i u m  of  electr ical ly hea ted  
quench tanks shall  be supervised by: 

(a) A t e m p e r a t u r e  contro l ler  a r r anged  to m a i n t a i n  
quench  m e d i u m  at p roper  t e m p e r a t u r e  and  in ter locked 
to shut off the immers ion  hea t ing  when excess tempera-  
ture is de tec ted .  

(b) A quench m e d i u m  level control  in ter locked to shut 
off the immers ion  hea t ing  when low level is detected.  

6-6.4 T h e  electr ical  hea t ing  control  system shall be in- 
ter locked with the quench  m e d i u m  agi ta t ion  or recircula-  
t ion system to prevent  localized overhea t ing  of the 
quench m e d i u m .  

Chapter 7 Vacuum Furnaces with Combustible 

Gas Atmospheres 

7-1 General. 
7-1 . i  V a c u u m  furnaces  may  be used in con junc t ion  
with combus t ib le  gases for processes such as carbur iz ing,  
n i t r id ing,  and  brazing.  Combus t ib le  gases, for example ,  
hydrocarbons ,  dissociated a m m o n i a ,  and  hydrogen,  are  
f requent ly  employed  ei ther  at pa r t i a l  pressures below at- 
mosphere  or at slightly positive pressures above at- 
mosphere .  These furnaces usually are first ope ra ted  at a 
v a c u u m  level before  the  in t roduc t ion  of the process gas. 
Procedures  for the opera t ion  of  vacuum furnaces with 
combus t ib le  gases shall be in accordance  with specified 
instructions.  For o ther  special a tmosphere  appl ica t ions ,  
refer to N F P A  86C, Standard for Industrial Furnaces 
Using a Special Processing Atmosphere. 

7-2 ]Protective Equipment. 
7-2.1 A supply of combust ib le  a tmosphere  gas and inert  
purge  gas of  an accep tab le  analysis shall  be avai lable .  
T h e  iner t  purge  gas shall be free of oxygen and  conta in  

less than  4 percent  total  combust ibles .  T h e  inert  gas re- 
qu i rements  shall not  deple te  the adequacy  of  the emer-  
gency purge  gas supply.  T h e  emergency inert  gas s torage 
supply  shall conta in  sufficient purge  gas for emergency 
purg ing  at  all t imes. T h e  stored purge  gas shall be free of  
oxygen and  conta in  less than  4 .percent  total  com- 
bustibles.  

7-2.2 A safety shutoff  valve and a separa te  m a n u a l  
shutoff  valve shall  be provided  on the combust ib le  at- 
mosphere  supply line to the furnace.  

7-2.3 A combust ib le  a tmosphere  gas supply moni to r ing  
device shall be provided  to pe rmi t  the opera to r  to visually 
de te rmine  the flow of a tmosphere  gas at all times. 

7 - 2 . 4  T h e  combus t ib le  process gas vent valve shall be 
in ter locked so that  the valve au tomat ica l ly  closes before 
the vacuum pumps  can be act ivated,  or an iner t  purg ing  
gas shall be used to remove combust ib le  gas before the 
vacuum valve is act ivated.  

7-2.5 A separa te  emergency  inlet  purge  line with a nor- 
mal ly  open au toma t i c  valve and  a separa te  check valve 
shall be provided  for emergency  procedures .  

7-2.6 A separa te  emergency exit purge  line with a nor-  
mal ly  open au tomat i c  valve and  separa te  check valve 
shall be provided  for emergency procedures .  

7-3 Introduction of Combustible Gas Atmospheres. 
7-3.1 Vacuum levels below 1 x 10 ' To r r  (13.3 Pa) 
shall be a t t a ined  th roughou t  the furnace  and  a t t ached  
chambers  before  the in t roduc t ion  of a combust ib le  gas. 
(See also 2-10.4.) 

N O T E  1: I f  a res idua l  a m o u n t  of  a i r  is r e t a i n e d  in a n  ex te rna l  
c h a m b e r ,  the  i n a d v e r t e n t  o p e n i n g  of  a valve to a n  ex te rna l  
system in the  presence  o f  a c o m b u s t i b l e  a t m o s p h e r e  cou ld  cause  
a n  explosive mix tu re .  

N O T E  2: It is r e c o m m e n d e d  tha t  c o m b u s t i b l e  process gas  
should  not  be i n t r o d u c e d  d i rec t ly  in to  the f u r n a c e  c h a m b e r  unt i l  
the  ho t  zone t e m p e r a t u r e  is above  1400°F  (760°C) ,  unless 
p u r g e d  with a n  iner t  gas.  

7-3.2 Whi le  the combus t ib le  gas is being in t roduced  
into the furnace  chamber ,  the mechan ica l  vacuum 
pumps  shall cont inue to be opera ted .  

N O T E :  Air  m a y  b a c k s t r e a m  t h r o u g h  m e c h a n i c a l  p u m p s  tha t  
a re  not  o p e r a t i n g .  

7-3.2.1 If  it is desired to vent the combust ib le  gas to the 
a tmosphere  in a cont inuous  flow th roughout  the process 
wi thout  the use of vacuum pumps,  then the vent l ine shall 
be provided  with a positive means  of  prevent ing air from 
enter ing  the furnace  chamber .  

N O T E :  An iner t  p u r g e  gas  flow suff ic ient ly  h igh  to m a i n t a i n  
a n  exhaus t  velocity of  1 f t / s  (0.3 m / s )  shou ld  be p rov ided  to pre- 
vent  a i r  f r om b a c k s t r e a m i n g .  Cons ide ra t i on  should  also be  given 
to the  loca t ion  of  the  p u r g e  gas  inlet a n d  out let .  

7-3.2.1.1 The  vent valve shall not be opened until  a suit- 
able positive pressure is a t ta ined.  The  furnace chamber  
shall be equipped  with a suitable gage, that  is readily visi- 
ble to the operator ,  so that  it may  be ascertained that  
positive pressure is a t ta ined in the furnace chamber .  
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7-3.2.2 If  it is desired to exhaust  the combus t ib le  gas 
th rough  a cont inuously  ope ra t ing  vacuum pump,  then 
the system shall be designed to prevent  air  backflow 
th rough  the vacuum p u m p  in the event of p u m p  shut- 
d o w n .  

7-5.3 W h e n  an analysis of  the exhaus ted  gas from the 
furnace  indicates  tha t  less than  4 percen t  total  com- 
bustibles is being exhaus ted  on two consecutive readings,  
the purge  shall be considered comple ted .  

7-3.2.2.1 Vacuum vent lines shall vent to a tmosphere  
exter ior  to the bu i ld ing  housing the furnace  and  in an 
area  where a tmosphere  c i rcula t ion  prevents concentra-  
tions at igni t ion levels. 

NOTE: As an alternate, the combustible gas may be burned 
(see Chapter 4). 

7-3.3 Gas bal las t  valves, which are normal ly  furnished 
with mechan ica l  vacuum pumps,  shall be p lugged  when 
p u m p i n g  combus t ib le  gases, or shall be p iped  to a source 
of  inert  gas. 

7-3.4 Special  p recaut ions  shall be taken when p u m p i n g  
combus t ib le  gases that  are rich in hydrogen  (over 4 per- 
cent).  T h e  ope ra t ing  p rocedure  shall be reviewed with 
the indiv idual  p u m p  and  furnace  manufac tu r e r .  

7-3.4.1 Since hydroca rbon  oils are used in mechan ica l  
vacuum pumps ,  the d ischarge  reservoir and  p ip ing  shall 
be m a i n t a i n e d  below the auto- igni t ion  t e m p e r a t u r e  for 
the oil. 

7-4 Removal of Combustible Gas Atmospheres. 
7-4.1 Purging with Inert Gas Atmospheres. 

7-4.1.1 T h e  valve for admi t t i ng  the inert  gas to the fur- 
nace shall be opened  and  then the valves supplying the 
combus t ib le  gas to the furnace  shall be closed or the 
valves ope ra t ed  s imultaneously.  These  steps shall be 
taken  with the con t inued  opera t ion  of  the vacuum p u m p -  
ing system. 

7-4.1.2 W h e n  an analysis of  the vent gas from the fur- 
nace indicates  tha t  less than  4 percent  total  combust ib les  
is being exhaus ted  on two consecutive readings,  the purge  
shall be considered complete .  

7-4.2 Purging with Vacuum. 

7-4.2.1 As an a l te rna te  p rocedure  to iner t  gas purg ing  
for the removal  of the combus t ib le  gas a tmosphere ,  the 
furnace  shall be p u m p e d  down to a m i n i m u m  vacuum 
level of 1 × 10 -~ To r r  (13.3 Pa) pr ior  to air  release or in- 
ert  gas backfi l l .  

Chapter 8 B u l k  Atmosphere Gas Storage Systems 

8-1 Construction. 
8-1.1 All s torage tanks and  cylinders shall comply  with 
local,  state, and  federal  codes re la t ing  to pressures and 
type of gas. NFPA s tandards  shall also be followed. 

8-1.2 Vessels, controls  and  p ip ing  shall be designed to 
ma in t a in  their  integri ty under  m a x i m u m  possible 
pressures and  tempera tures .  

8-2 Loca t i on .  Locat ions for tanks and cyl inders  con- 
ta in ing  f l ammab le  or toxic gases shall be selected with 
adequa t e  cons idera t ion  given to exposure to buildings,  
processes, s torage facilities, and  personnel .  Tables  of 
distances specified in the various N F P A  s tandards  shall 
be followed. 

8-3 Storage Systems. Storage systems shall comply  with 
the following N F P A  s tandards :  

(a) Liquef ied pe t ro leum gas systems shall be in accor- 
dance  with N F P A  58, Standard for the Storage and Han- 
dling of Liquefied Petroleum Gases. 

(b) Gas p ip ing  sh~,ll be in accordance  with N F P A  54, 
National Fuel Gas Code. 

(c) Hydrogen  storage systems shall be in accordance  
with N F P A  50A, Standard for Gaseous Hydrogen Systems 
at Consumer Sites. 

(d) Oxygen storage systems shall be in accordance  with 
N F P A  50, Standard for Bulk Oxygen Systems at Con- 
sumer Sites. 

(e) Processing a tmosphere  gas storage systems not  
covered by an N F P A  s t anda rd  (e .g. ,  anhydrous  am- 
monia)  shall be instal led in accordance  with recommen-  
dat ions  from the suppl ier  and  all app l i cab le  local,  state 
and  federal  codes. 

NOTE: Special reference is made to ANSI Standard 
ANSI/CGA G-2.1-1981/TFI M-1-1981, Storage and Handling 
of Anhydrous Ammonia. 

7-5 Emergency Shutdown Procedure. 
7-5. l  In the event of an electr ical  power fai lure a n d / o r  
combus t ib le  a tmosphere  gas fai lure,  the emergency  gas 
s t andby  system shall be immedia t e ly  ac tua t ed  to purge  
the furnace.  The  inert  gas flow shall cont inue unti l  five 
times the volume of  the furnace  has been provided.  

NOTE: In case of electric power failure, the following will 
stop: 
(a) Heating system. 
(b) Combustible atmosphere gas system. 
(c) Vacuum pumping system. 

7-5.2 All combus t ib le  a tmosphere  gas valves to the fur- 
nace shall  be closed. 

Chapter 9 Vacuum Induction Furnaces 

9-1 General. 
9-1.1 For the purpose  of  this chap te r  vacuum induct ion  
furnaces shall be those furnaces which use both  induct ion  
hea t ing  as the hea t ing  source and a vacuum a tmosphere  
as noted in Section 1-1 of this s t andard .  

NOTE: Induction heating is in the heating of a nominally con- 
ductive material by its own I2R power when the material is 
placed in a varying electromagnetic field. Heating may be by 
direct coupling, indirectly by a secondary cylinder or susceptor, 
or by a combination of both of these methods. (See Fig. 9-1.1.) 
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tNOIRECT HEATING VIA  COMB1 NED INDI RECT 
SECONDARY CYLINDERS AND DIRECT HEATING 

9-3.5  T h e  f u r n a c e  c h a m b e r  des ign shall  take  into  ac- 
c o u n t  the  h e a t i n g  ef fec t  of  the  i n d u c t i o n  f ie ld  a n d  shall  
be  o f  su i t ab le  size and  of  su i tab le  ma te r i a l s  to m i n i m i z e  
the  h e a t i n g  effect  on its walls. 

Figure 9-1.1 The Three Induction Heating Methods. 

9-1.1 .1  T h e  d i f f e ren t  types of  i n d u c t i o n  fu rnaces  con- 
s ide red  in this c h a p t e r  shall  be  those fu rnaces  used for: 
me l t i ng ,  cast ing,  s in ter ing ,  ho t  pressing,  ou tgass ing ,  
degass ing,  m e t a l  pu r i f i ca t ion ,  gene ra l  hea t  t r ea t ing ,  
b raz ing ,  a n d  c h e m i c a l  v a p o r  depos i t ion .  

9-1 .2  All  s t anda rds  for i n d u c t i o n  h e a t i n g  e q u i p m e n t  
spec i f ied  in N F P A  70, National Electrical Code, shall  
also app ly  to this chap t e r .  

9-2 Locat ion .  
9-2.1 - V a c u u m  i n d u c t i o n  fu rnaces  and  the i r  anc i l l a ry  
e q u i p m e n t  shall  be so l oca t ed  as to m i n i m i z e  the  possibili-  
ty of  fire. 

NOTE: Fire may result from spillage of molten metal, 
overheating, ignition of pump oil, stray electrical currents, and 
escaping of flammable process gases. 

9-2 .2  C o n s i d e r a t i o n  shall  be  g iven  to the  loca t ion  o f  
v a c u u m  i n d u c t i o n  fu rnaces  to p r even t  in jury  to all per- 
sonnel .  

9-2 .3  All  p a r a g r a p h s  2-1 t h r o u g h  2-5.5 in this s t a n d a r d  
shall  also app ly  to v a c u u m  i n d u c t i o n  furnaces .  

9-3 Construct ion .  

9-3.1 T h e  basic  vessel or  v a c u u m  c h a m b e r  o f  an  induc-  
t ive v a c u u m  f u r n a c e  shall  be  des igned  in g e n e r a l  w i th  the  
A S M E  Boiler and Pressure Vessel Code, Sec t ion  8, Divi- 
sion 1. T h e  v a c u u m  t ightness  ( leak ra te )  shal l  be  spec i f ied  
in r e l a t i on  to the  r e q u i r e d  o p e r a t i n g  v a c u u m  level.  

9-3 .2  W a t e r - c o o l e d  c o m p o n e n t s  shall  be des igned  wi th  
wall  thicknesses  in a c c o r d a n c e  wi th  cor ros ion  tables  
a n d  vessel s t anda rds  (see ,4SME Pressure Vessel Code, 
Section 8). 

N O T E :  T h e  bo t tom one- th i rd  of  a water-cooled vessel of  a 
vacuum melting induction furnace should be trace cooled in- 
stead of jacketed to provide minimum water storage in the event 
of a melting crucible break-through. 

9-3 .3  I n d u c t i o n  h e a t i n g  coils of  all types shall  be con- 
s t ruc ted  a n d  l oca t ed  to resist m e c h a n i c a l  d a m a g e  f r o m  
fa l l ing  or  m o l t e n  m e t a l ,  t r uck ing  or  o t h e r  m e c h a n i c a l  
haza rds  i n h e r e n t  in indus t r i a l  use. 

9-3 .4  Susceptors ,  r e f r ac to ry  ma te r i a l s ,  power  cables,  
a n d  insu la t ion  ma te r i a l s  shall  be r e t a i n e d  or  s u p p o r t e d  so 
tha t  they will no t  fal l  ou t  o f  p lace .  

9-3 .6  W h e n  wa te r  is used as a coo l ing  m e d i u m  the m a i n  
wa te r  con t ro l  valve  shall  r e m a i n  o p e n  in the  even t  of  a 
power  fa i lu re  so tha t  coo l ing  wa te r  con t inues  to flow to 
the  fu rnace .  

N O T E  1: T h e  bo t tom of  the fiarnace c h a m b e r  should be 
equipped with a separate cooling circuit which can be valved off 
in the event of a molten metal burn-through of the chamber. 
NOTE 2: Cooling water quality should be considered to 
minimize plugging of the induction coil or coils and to minimize 
corrosion or attack of all water-cooled components. 

9-3.7 W h e n e v e r  a coil  or  coils h a v i n g  m u l t i p l e  sect ions 
or  m u l t i p l e  wa te r  pads  are  used,  such  coils or  pads  shall  
have  separa te ly  va lved  wa te r  c i rcui ts  in o r d e r  to ensure  
con t i nu i t y  of  coo l ing  in the  even t  of  a wa t e r  leak.  

9-3 .8  W a t e r - c o o l e d  i n d u c t i o n  leads  shall  be o f  suffi- 
c ien t  l eng th  a n d  p r o p e r  des ign to m i n i m i z e  any work- 
h a r d e n i n g  as a resul t  of  m o v e m e n t .  

9-3 .9  W h e n e v e r  an  e l eva to r  is used the  e l eva t ing  
m e c h a n i s m  shall  be subs tan t ia l ly  s u p p o r t e d  by s t ruc tu ra l  
m e m b e r s  to h a n d l e  the  m a x i m u m  loads.  E leva to r  gu ides  
or  ways shall  be p r o v i d e d  to ensure  u n i f o r m  s tabi l ized 
m o v e m e n t .  T h e  e l eva to r  m e c h a n i s m  shall  be  sh ie lded  
f r o m  spi l lage of  m o l t e n  m e t a l .  

9-3 .10 All  p a r a g r a p h s  in Sec t ion  2-6 o f  this s t a n d a r d  
d e a l i n g  wi th  the  c o n s t r u c t i o n  of  v a c u u m  fu rnaces  and  
v a c u u m  systems shall  also app ly  to this chap t e r .  

9-4 H e a t i n g  Systems. 

9-4.1 For  the  pu rpose  o f  this chap te r ,  the  t e r m  " h e a t i n g  
system" shall  i nc lude  an  e lec t r ica l  power  supply,  induc-  
t ion coil  and  r e l a t ed  h a r d w a r e .  

9-4 .2  All  c o m p o n e n t s ,  such  as the  v a c u u m  c h a m b e r ,  
power  supply  a n d  con t ro l  cab ine t ,  shall  be g r o u n d e d .  

Exception: Induction coils shall not be grounded (see 
9-5.7). 

9-4.3 It  shal l  be  the  pu rpose  o f  the  p o w e r  supply  to 
t r a n s f o r m  the  power  l ine to su i tab le  vo l tage  and  c u r r e n t  
( a n d  where  necessary  conve r t  f r o m  60 Hz to a n o t h e r  fre- 
quency)  to ene rg ize  the  i n d u c t i o n  coil .  C o n s i d e r a t i o n  
shall  be  g iven  to f u rn i sh ing  the  p o w e r  supply  wi th  a 
m e a n s  of  p r o p o r t i o n i n g  con t ro l .  

NOTE 1: Generally this is accomplished with either a motor 
generator, an electronic oscillator, or solid-state silicon- 
controlled solid-state converter units. In most cases a DC control 
signal is provided for proportioning control. The design of the 
power supply is specific for each individual furnace and size. 

NOTE 2: The power supply may include a transformer (or a 
motor generator), capacitors with control switches as required, a 
control device such as a saturable core reactor, primary fuses or 
circuit breakers for electrical protection, and electrical discon- 
nect switch for service. A power controller may be used when re- 
quired to accept a signal from the furnace temperature con- 
troller. 

NOTE 3: The power supply output voltage should be limited 
to a maximum of 80 volts, for noninsulated induction coils, to 
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prevent electrical breakdown or internal furnace arcing. As the 
atmospheric pressure is reduced in the vacuum chamber, arcing 
voltage changes. This voltage change is a function of electrical 
spacing and pressure. This function is not linear but has a mini- 
mum value for most gases used as cooling or partial pressure 
media in vacuum furnaces. If the voltage stress and mean free 
path relationship reaches a critical value, corona discharge and 
arcing commences as a result of field emission of electrons. For 
insulated induction coils the operating voltage may be higher in 
accord with the dielectric of the insulating media chosen by the 
designer. 
NOTE 4: Assuming a three-phase power line, consideration 
should be given to provide balanced line currents across all three 
phases as a result of the induction coil load. 

9 -4 .4  T h e  g e o m e t r y  o f  t h e  coil  a n d  p l a c e m e n t  w i th  
r e spec t  to  t h e  s u s c e p t o r  or  l o a d  sha l l  be  ca r e fu l l y  con-  
s i d e r e d  to p r o v i d e  p r o p e r  h e a t i n g  r a t e ,  m a i n t a i n i n g  
o p e r a t i n g  t e m p e r a t u r e  a n d  m e e t i n g  t e m p e r a t u r e  un i fo r -  
m i t y  spec i f i ca t ions .  

NOTE: The design of the induction coil is generally circular 
and wound from copper tubing allowing water cooling of the 
coil. 

9 -4 .5  T h e  e l ec t r i ca l ly  e n e r g i z e d  i n d u c t i o n  coil  sha l l  b e  
s u p p o r t e d  in  s u c h  a way as n o t  to c o m e  in  c o n t a c t  w i t h  
t h e  s u s c e p t o r  or  work  pieces  or  f i x tu r e s  a n d  to avo id  con-  
t a c t  w i t h  o t h e r  i n t e r n a l  f u r n a c e  c o m p o n e n t s .  

NOTE: In the event of contact, electrical short circuits can 
result in major damage to the induction coil, charge, or furnace 
parts. 

c o n t r o l s  a n d  devices; r e q u i r e d  in  C h a p t e r  8 sha l l  also 
app ly .  

9 -5 .2  A mechan ica l [  a n d / o r  e l ec t r i ca l  i n t e r l o c k  sha l l  b e  
p r o v i d e d  to d i s c o n n e c t  p o w e r  to t h e  f u r n a c e  w h e n e v e r  
o p e n i n g  t he  c o n t r o l  c a b i n e t  d o o r , e x p o s e s  pe r sons  to con-  
t a c t  w i th  h a z a r d o u s  v o h a g e s .  

9-5 .3  A n  o p e n  s igh t  d r a i n  in  t he  w a t e r  coo l ing  sha l l  be  
p r o v i d e d  to give a n  i m m e d i a t e  v is ib le  i n d i c a t i o n  of  
w a t e r f l o w  in  t he  coo l i ng  l ine  o f  t he  i n d u c t i o n  coil  w h e n  
a n  o p e n  sys tem is used .  

NOTE: Whenever a closed loop system is used, see 5-3.3. 

9 -5 .4  C o o l i n g  w a t e r f l o w  sha l l  b e  m o n i t o r e d  a t  t he  
d i s c h a r g e  o f  e a c h  i n d u c t i o n  coil  c i r cu i t  to  s h u t  d o w n  the  
p o w e r  in t he  even t  of  i n a d e q u a t e  coo l i ng  wa te r .  

9 -5 .5  T e m p e r a t u r e  sensors  a t  t he  o u t l e t  of  t he  coo l ing  
sys tem shal l  be  f u r n i s h e d  w i t h  c o n t a c t  swi tches  to s h u t  
d o w n  the  h e a t i n g  p o w e r  in  t h e  e v e n t  t h a t  the  coo l i ng  
w a t e r  t e m p e r a t u r e  is b e y o n d  t he  r e c o m m e n d e d  t e m p e r a -  
t u r e  o f  o p e r a t i o n  as spec i f i ed  by  the  d e s i g n  of  t he  e q u i p -  
m e n t .  

NOTE: Consideration should also be given to the installation 
of separate indicator lights for the control circuit to indicate 
malfunctions. Light circuits should be reset by separate pushbut- 
ton switches when the malfunction has been corrected. 

9 -4 .6  T h e  e l ec t r i ca l  i n s u l a t i o n  of  t he  i n d u c t i o n  coil  sup-  
po r t s  or  coil  s e p a r a t o r s  sha l l  b e  o f  s u i t a b l e  m a t e r i a l  to 
w i t h s t a n d  e x p o s u r e  to  spec i f i ed  t e m p e r a t u r e ,  v a c u u m  
levels,  a n d  o p e r a t i n g  vo l t age  a n d  f r e q u e n c y .  

9 -4 .6 .1  I n  t he  case  of  a n  i n s u l a t e d  or  i n d i v i d u a l l y  
w r a p p e d  coil  th is  r e q u i r e m e n t  sha l l  also a p p l y  to t he  t a p e  
or  i n s u l a t i o n .  

9 -4 .7  T h e  d e s i g n  of  t h e  i n d u c t i o n  coil  sha l l  be  ca r e fu l l y  
c o n s i d e r e d  for  p r o p e r  i m p e d a n c e  m a t c h i n g  b e t w e e n  t he  
p o w e r  supply ,  t he  coil,  a n d  t he  s u s c e p t o r  or  work  load .  

9 -4 .8  T h e  i n d u c t i o n  coil  p o w e r  t e r m i n a l  a n d  vessel 
f e e d - t h r o u g h  d e s i g n  sha l l  be  c o n s i d e r e d  for  v a c u u m  in- 
t eg r i t y  a n d  i n d u c t i o n  h e a t i n g  effects .  

NOTE: Generally the feed-through flange should be of 
nonelectrically conductive material and the power feed-through 
leads should be grouped in close proximity. 

9 -5 .6  A m o l t e n  m e t a l  l eak  d e t e c t o r  sha l l  be  i n s t a l l ed  o n  
all  v a c u u m  m e l t i n g  i n d u c t i o n  f u r n a c e s  w h e r e  t he  c a p a c -  
i ty for  m e l t i n g  is m o r e  t h a n  500 lbs (227 kg) of  m e t a l .  
S u c h  d e t e c t o r  sha l l  s o u n d  a n  a l a r m  w h e n e v e r  it senses 
m o l t e n  m e t M  in  t he  r e f r a c t o r y  s u r r o u n d i n g  t h e  c ruc ib l e ,  
i n d i c a t i n g  a l e a k i n g  ,crucible.  

9 -5 .7  A g r o u n d - f a u l t  d e t e c t i o n  dev ice  sha l l  b e  p r o v i d e d  
a n d  i n s t a l l e d  o n  t he  i n d u c t i o n  coil  i t se l f  to s o u n d  a n  
a l a r m  a n d  s h u t  of f  p o w e r  in  t he  e v e n t  of  a g r o u n d - f a u l t .  

9 -5 .8  W h e r e v e r  a n  e l e v a t o r  is used  in  a v a c u u m  i n d u c -  
t i on  m e l t i n g  f u r n a c e  t he  e x t e r n a l  d o o r  o p e r a t i o n  sha l l  be  
so i n t e r l o c k e d  t h a t  it c a n n o t  be  o p e n e d  unless  t he  e l e v a t o r  
is in  t he  p r o p e r  pos i t ion .  

9 -5 .8 .1  Also w h e n  such  a n  e l e v a t o r  is u sed  the  c r u c i b l e  
sha l l  be  so i n t e r l o c k e d  as to be  u n a b l e  to be  in  t h e  p o u r  
p o s i t i o n  unless  t he  e l e v a t o r  is in  t he  p r o p e r  pos i t ion .  

9 -4 .9  P o w e r  t e r m i n a l  c o n n e c t i o n  p o i n t s  to  p o w e r  s u p p l y  
cab le s  sha l l  b e  c o v e r e d  or  h o u s e d  to p r e v e n t  e l ec t r i ca l  
h a z a r d  to p e r s o n n e l .  

NOTE: In many applications the induction coil is thermally 
insulated from the susceptor or work load to prevent high tem- 
perature radiation or heat damage. 

9 - 4 . 1 0  T h e  c h o i c e  a n d  s iz ing of  t he  t h e r m a l  i n s u l a t i o n  
sha l l  b e  d e t e r m i n e d  by  o p e r a t i n g  t e m p e r a t u r e ,  v a c u u m  
level ,  a n d  o t h e r  o p e r a t i n g  c r i t e r i a ,  s u c h  as c o m p a t i b i l i t y  
w i t h  the  process .  

9-5  S a f e t y  Controls .  

9-5 .1  All  e l ec t r i ca l  sa fe ty  c o n t r o l s  a n d  p r o t e c t i v e  
devices  r e q u i r e d  for  i n d u c t i o n  sys tems in  N F P A  70, Na- 
tional Electrical Code, sha l l  app ly .  All  v a c u u m  safe ty  

Chapter  10 Fire Protect ion  for Furnace  Areas 

10-1 Spr ink ler  and  S p r a y  S y s t e m s - - G e n e r a l .  

NOTE: Furnaces cant present fire hazards to the surrounding 
area in which they will be installed. Consideration must be given 
to .providing the fixed fire extinguishing systems to protect 
against such hazards as overheating, spillage of molten salts or 
metals, quench tanks, ignition of hydraulic oil, escape of fuel, 
etc. It is the responsibility of the user to consult with the author- 
ity having jurisdiction concerning the necessary requirements for 
such protection. 

Hydrogen fires are not normally extinguished until the supply 
of hydrogen has been shut off because of the danger of reignition 
or explosion. In the event of fire, large quantities of water have 
been sprayed on adjacent equipment to cool the equipment and 
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prevent involvement in the fire. Combination fog and solid 
stream nozzles have been preferred to permit widest adaptabil i ty 
in fire control. Small hydrogen fires have been extinguished by 
dry chemical extinguishers or with carbon dioxide, nitrogen and 
steam. Reignition may occur if a metal surface adjacent to the 
flame is not cooled with water or other means. 

The various conditions under which gaseous hydrogen will be 
stored at consumer sites, including unattended installations, 
necessitates coordination between the supplier, consumer and 
authority having jurisdiction for adequate and reliable fire pro- 
tection of the system. 

Personnel shall be cautioned that hydrogen flames are 
practically invisible and may only be detected by heat 
waves. 

11-2" Checklists. The user's operational and mainte- 
nance program shall include all listed procedures that are 
applicable to the user's furnace. An operational and 
maintenance checklist shall be maintained and is essen- 
tial to safe operation of the equipment. 

Chapter 12 Referenced Publications 

10-2 Automatic Sprinkler Systems. Automatic sprin- 
kler installations shall conform to NFPA 13, Standard for 
the Installation of Sprinkler Systems, for hazardous loca- 
tions. 

10-3 Water Spray Systems. Water spray systems shall 
be fixed systems, automatic in operation and conforming 
to NFPA 15, Standard for Water Spray Fixed Systems for 
Fire Protection. 

10-4 Portable Protection Equipment.  

10-4.1 Ext inguishers .  Approved portable extin- 
guishing equipment shall be provided near the furnace 
and related equipment. Such installations shall be in ac- 
cordance with NFPA 10, Standard for Portable Fire Ex- 
tinguishers. 

10-4.2 Small Hose Streams. When small hose streams 
are required, they shall be in accordance with NFPA 14, 
Standard for the Installation of Standpipe and Hose 
Streams. 

Chapter 11 Maintenance of Vacuum Furnaces 

11-1 Responsibility. An essential safety aid is an estab- 
lished maintenance program which ensures that the 
equipment is in proper working order. The equipment 
manufacturer shall impress upon the user the need for 
adequate operational checks and maintenance and shall 
issue complete and clear maintenance instructions. The 
final responsibility of establishing a maintenance pro- 
gram which ensures that the equipment is in proper 
working order shall rest with the user. 

12-1 The following 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 current as of the date of 
the NFPA issuance of this document. These references 
are listed separately to facilitate updating to the latest 
edition by the user. 

12-1.1 NFPA Publications. National Fire Protection 
Association, Batterymarch Park, Quincy, MA 02269. 

NFPA 10-1984, Standard for Portable Fire Ex- 
tinguishers 

NFPA 13-1985, Standard for the Installation of Sprin- 
kler Systems 

NFPA 14-1983, Standard for the Installation of Stand- 
pipe and Hose Systems 

NFPA 15-1985, Standard for Water Spray Fixed 
Systems for Fire Protection 

NFPA 50-1985, Standard for Bulk Oxygen Systems at 
Consumer Sites 

NFPA 50A-1984, Standard for Gaseous Hydrogen 
Systems at Consumer Sites 

NFPA 58-1983, Standard for the Storage and Han- 
dling of Liquefied Petroleum Gases 

NFPA 70-1984, National Electrial Code 

12-1.2 ASME Publication. 
ASME Boiler and Pressure Vessel Code, Section 8, 

Division 1, 1984 Edition 

12-1.3 Other Publications. 
National Electrical Manufacturers Association, 2101 L 

St., NW, Washington, DC 20037. 
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A p p e n d i x  A 

This Appendix is not a part of the requirements of this NFPA document but is included for information purposes only. 

Table  A-l-2 Vacuum Furnace Protect ion 

OPERATING AND 
SUBJECT 

SAFETY DEVICES 

A-Vacuum System 
Vacuum Chamber 
Roughing Pump 
Dif fusion Pump 
Holding Pump 
Retort  
Mult i-chamber 
Internal Fan 
[Temp. un i fo rmi ty ]  

B-Heating System 
High Voltage 
High Current 

C-C0oling System 
Work Cooling 
Gas Quench 
Oil Quench 
Water Quench 
Fans-Blower 
Port-Bungs 
External-Internal Heat 

Exchanger 
Equipment Water 
Cooling 

D-Process Atmosphere 
Cyde  

Hydrogen 
Nitrogen 
Methane 
Argon 
Helium 

E-Material Handling 
Internal 
External 

F-Instrument Controls 
Temperature 
Vacuum 
Pressure 
F low 
Electrical 

H-Hazards of  Heating 
System 

Gas-Fired 
Electric Heated 
Cooling Water to 

be Circulating 
Over Heating 
Steam Build-up 
Dif fusion Pump 

Element 
Pump Element 

Over Heating 
Accumulat ion o f  Ai r  
Hydrogen Accum. 
Other Combustibles 
Water in Oil Explosion 
Radiation 
Water Sentinel 
Electrical Short  

Safety Shut-down 

J-Person Safety Hazards 

yes -- means equipment is 

COLD WALL 

Induc- 
tion 

HOT WALL CASTING AND MELTING 

yes yes yes op op op op op no no 
op op op op op op op op no no 
op op no no no no no no no no 
op op no no . no no no no no no 
op Op Op op op Op op Op no no 

op op op op op op no no no no 

op op op op op op op op op op 

yes yes yes yes yes yes yes yes yes yes 

op op no op op op no no no no 
op op no op op op no no no no 
op op no op op op no no no no 

op op no op op op no no no no 
op op no op op op no no no no 

yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 

yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 

[Refer to N FPA 8 6 A - 8 6 B - 8 6 C ]  
no no no yes no no no no no no 
yes yes yes no yes yes ye,.; yes yes no 

yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes no 
yes yes yes yes yes yes yes; yes yes yes 

yes yes yes yes yes yes op yes op op 

yes yes yes yes yes yes op yes op op 
yes yes yes yes yes yes yes yes yes yes 
op op op op op op no no no no 
no no no no no no no no no no 

yes yes yes yes yes yes yes yes yes yes 
no no yes no no no no yes yes no 
yes yes yes yes yes yes ye.,; yes yes yes 

yes yes yes yes yes yes yes yes yes 

yes yes yes yes yes yes yes yes yes yes 

provided or condition is present op  -- op t iona l  and there may be a choice 

yes yes yes yes yes yes yes yes yes yes 
no no yes no no no no yes yes no 
yes yes no no yes yes yes yes yes no 

Electric 

Reels- Electric Gas- Single [ Double Indue:- Electric Electric De- 
tance Beam Fired Pump J Pump tion Beam Arc gassing 

yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 
yes yes yes yes yes yes yes yes yes yes 
op op yes op op op op yes op no 
op Op Op Op Op Op op op Op Op 
no no no yes yes yes no no no no 
op op op op op op op op op op 
no op no op op op no no no no 
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Power  Termina l  Power  Supp l y  
- .'d - i- . . . . . . . . . . . . . . . .  ' 

1 Power  L ine 
', 311£ Reactor  i 
= '  I 
IS tep -Down  Trans fo rmer ,  
L . . . . . . . . . . . . . . . . . .  I 

~ ~ ' " ~ /  Roughing Valve 

Mechanica l  
I D i f f u s i ° n l  ~ I I V a c u u m  

-.eat I Pu~p I ~ \ ~ - P u m °  
Sh'~'ds I I - -~ ;  \ ~ -  

I t ' ~ ' . e ;  
I = Va lve 

. . . . . . . . . . . . . . . . .  ~ and Rails 

Figure A-l-2.l(a) Example of Cold-Wall, Horizontal, Front Loading Vacuum Furnace. 
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r U W ~ l  v d u u u l l l  

Feed-Through Glands 

Figure A-l-2. l(b) Example of Cold-Wall, Induction Heated Vacuum Furnace. 
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Figure A-1-2.2 Example of Hot-Wall, Single Pump Retort Vacuum Furnace. 
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Figure A-1-7(a) Example of Control Wiring Diagram. 
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Figure A-l-7(b) Example of Control Wiring Diagram. 

~Alarm | cknowledge~ I Air Pressure J I Diff. Pump Water I ! HOt zOne Water I I Oiff'Pump I Over Temp. 
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Roughing Pump [ Rough--Hi-Vac ] 

I Diffusion Pump I Mode ~,,~tor I I ~°°"r'~ I ~,,,~,or 

I Vacuum Record I Tank Re!ease [ 

Figure A-1-7(c) Example of Control Panel. 
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eO 

O 
OO 

- . F u s e  CRM 

. . _ _ _ . ~  i CRM 

..___.."L.____ ~ . ~  i c R m 
Disconnect 
Switch 

/•C Step Down l R Transformer 

~80v. 
~ ~Max. 

  s c R  

I 
Main Furnace Temp. 

~ ] 0 - 1 0  VA.D.C. "~_-~J'~-°n~°ller -~ T.c.'C°ntr°l 

Power Controller 

*~ - ~  Over Temp. 
UL_ "~ --T.C. 

Over Temp. Controller 

Element no. 1 

Element no. 2 

3 

Figure A-3-2.1 Example of Power Supply. 

T a b l e  A - 3 - 3 . 3  

W h e n  dissimilar  meta ls  are hea ted  in contac t  with each 
other,  pa r t i cu la r ly  when oxide-free and  in a vacuum fur- 
nace,  they can  react  and  form alloys, or a eutect ic .  T h e  
result  is an alloy tha t  melts  at  a considerably  lower tem- 
pe ra tu re  than  the me l t ing  points  of  e i ther  base meta l .  

Some eutect ic  fo rming  mate r ia l s  are  l isted with cr i t ical  
me l t ing  t empera tu re .  O p e r a t i n g  t empera tu res  near  or 
above these points  should be careful ly considered.  

M o l y / N i c k e l  ................................ 2310°F 
M o l y / T i t a n i u m  .......................... 2210 ° F 
M o l y / C a r b o n  .............................. 2700°F 
N i c k e l / C a r b o n  ............................ 2 1 3 0  ° F 
N i c k e l / T a n t a l u m  ........................ 2450°F 
N i c k e l / T i t a n i u m  ......................... 1730°F 

(1266°C) 
(1210°C) 
(1482°C) 
(1166°C) 
(1343°C) 
( 9 4 3 ° C )  

SLIDING HEAT BAFFLE ~ ' .  

o ~ t ° • 

EAT BAFFLE 

Figure A-3-4.4 Examples of Some Gas Quenching Methods. 
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A-5-$.2 Types of Vacuum Gages. 

A. Mechanical Gages. The bellows and diaphragm 
mechanical gages operate on a differential between at- 
mospheric and process pressure. They are compensated 
for atmospheric pressure changes and calibrated for ab- 
solute pressure units. They are not suited for high- 
vacuum work, being limited to approximately 1 mm Hg 
(133 Pa) absolute. Readout is approximately linear ex- 
cept when calibrated in altitude units. Electrical output is 
available. 

B. McLeod Gage. For high-vacuum work the McLeod 
gage is often used as a primary standard for the calibra- 
tion of other, more easily used instruments. The gage is 
limited to intermittent sampling rather than continuous 
use. It operates on the principle of compressing a large 
known volume (V~) of gas at unknown system pressure 
(P1) into a much smaller volume (V2) at a known higher 
pressure (P~). From Boyle's Law at constant temperature 
we derive P~ equals P2V2/V1. The gage is then calibrated 
to read P, directly. 

C. Thermal  Gages. The operation of a thermal gage is 
based on the theory that energy dissipated from a hot sur- 
face is proportional to the pressure of the surrounding 
gas. Some makes of thermal gages are subject to con- 
tamination by vaporized materials and this possibility 
should be checked on with the gage manufacturer. 

(1) Thermocouple Gage. The thermocouple gage 
contains a "V"-shaped filament with a small thermocou- 
pie attached to the point. At low absolute pressures the 
cooling effect on the heated filament is proportional to 
the pressure of the surrounding gas. Thus, the ther- 
mocouple electro-magnetic field (emf) can be used to in- 
dicate pressure. In order to compensate for ambient tem- 
perature, an identical second unit is sealed in an 
evacuated tube. The differential output of the two ther- 
mocouples is proportional to the pressure. 

(2) Pirani Gage. The Pirani gage employs a 
Wheatstone bridge circuit. This circuit balances the 
resistance of a tungsten filament sealed off in high 
vacuum against that of a tungsten filament which can 
lose heat by conduction to the gas being measured. In the 
Pirani gage, the resistance of the filament rather than its 
temperature is used as an indication of pressure. 

(3) Bimetal Gage. A bimetallic spiral is heated by a 
stabilized power source. Any change of pressure causes a 
change of temperature and, thus, a deflection of the 
spiral, which is linked to a pointer on scale, to indicate 
pressure. 

D. Ionizat ion Gages. Two types of ionization gages 
are discussed here. They are: (1) the hot cathode gage 
(hot filament), and (2) cold cathode gage (also called the 
"Phillips" or discharge gage). The principle of operation 
is that collisions between molecules and electrons result in 
formation of ions. The rate of ion formation varies di- 
rectly with pressure. Measurement of the ion current can 
be translated into units of gas pressure. 

(1) Hot Filament Gage. This gage is constructed like 
an electron tube. It has a tungsten filament surrounded 
by a coil grid, which in turn is surrounded by a collector 
plate. Electrons emitted from heated filament are ac- 
celerated toward the positively charged coil grid. The ac- 

celerated electrons pass through the coil grid into the 
space between it and the negatively charged collector 
plate. Some electrons collide with gas molecules from the 
vacuum system to produce positive ions. The positive cur- 
rent is a function of the number of ions formed, and 
hence is a measure of the pressure of the system. 

Ionization gage sensing elements are extremely delicate 
and must be carefully handled. Their filaments can burn 
out if accidentally exposed to high pressures [above 1 × 
10 .3 mm Hg (1.3 × 10 -1 Pa) absolute]. The advantages 
of this type of gage are high sensitivity and the ability to 
measure extremely high vacuums. 

(2) Cold Cathode Gages. Cold cathode gages employ 
the principle of the measurement of an ion current pro- 
duced by a high-voltage discharge. Electrons from the 
cathode of the sensing element are caused to spiral as they 
move across a magnetic field to the anode. With this 
spiraling, the electron mean free path greatly exceeds the 
distance between electrodes. Therefore, the possibility of 
a collision with gas molecules present is increased, pro- 
ducing greater sensitivity (due to greater ion current) and 
thus sustaining the cathode discharge at lower pressure 
(i.e., high vacuum). 

The sensing elements are rugged and are well-suited to 
production applications where unskilled help might make 
filament burnout a problem. 

A-11-2 Maintenance  Checklist.  
General .  A program of regular inspection and main- 

tenance of the vacuum furnace is essential to the safe 
operation of the equipment and should be instituted and 
followed rigorously. Basic heating devices, such as 
heating elements or induction coils, should be designed 
for ease of maintenance. If special tools are required, 
these should be supplied by the furnace manufacturer. 

V a c u u m  System. Mechanical vacuum pumps should 
be checked and repaired as required. A partial list 
follows: 

Drive belts are not worn. 

Drive belts' tension is proper. 

No oil leaks at the shaft seals. 

Correct oil level. 
Oil is free of dirt and water accumulation. 

Drip legs are drained. 
Mounting bolts are tight. 
Vacuum lines and vibration couplings are tight. 

The high-vacuum diffusion pump should be checked 
and repaired as required. A partial list follows: 

Correct waterflow for cooling. 

Heating elements are tight and indicate proper elec- 
trical parameters. 

Oil level is correct. 
Oil is not contaminated. 

Control vacuum valves should be checked and 
repaired. A partial list follows: 

Air supply filter drained and operating. 
Air supply oiler filled to correct level and operating. 
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Pilot valves not leaking excess air. 
Moving O-Ring seals cleaned or changed where in- 

dicating excess wear. 

Numerous stationary and moving vacuum seals, 
O-Rings and other rubber  gaskets are associated with the 
main vacuum vessel. These seals should be inspected 
properly to ensure cleanliness, freedom from cracks or 
gouges, and retention of elasticity. The main front and 
rear door or bottom head, where work regularly passes, 
should receive particular attention. 

Hot Zone (Resistance Heaters). 
Power Supply.  The power supply should be in- 

spected and corrected as required. A partial list follows: 
Primary and secondary wiring and cables tight and 

free from overheating. 
Proper ventilation and air cooling or proper waterflow 

per unit or transformer. 
Control relays or contactors should be free of contact 

pitting or arcing, which could result in contact welding. 
Power supply voltage should be maintained within 

reasonable limits to ensure against overloading. 

NOTE: Under voltage can result in operational failure of any 
one of the numerous vacuum furnace systems. 

Thermocouples .  A regular replacement program 
should be established for all control and safety ther- 
mocouples. 

NOTE: Effective life of thermocouples varies depending on the 
environment and process, temperature and vacuum, and these 
factors must be considered in setting up a replacement program. 

Instrumentation. Tempera ture  and vacuum in- 
strumentation should be set up on a regular calibration 
and test schedule. 

Many components of the vacuum furnace require 
water cooling; drain lines should be inspected for proper 
flow and temperature of the cooling water. Pressure 
regulators, strainers, and safety vents should be inspected 
for proper setting and maintained free from dirt and con- 
tamination. 

If  an evaporative cooling tower is integral to the fur- 
nace system, the tower should be cleaned, motor and 
bearings greased, and water strainer cleaned on a regular 
basis. 

Inter locks and  Alarms.  Periodic checks of all safety 
interlocks and alarms should be performed. Particular 
attention should be given to overtemperature safety 
devices, low air pressure, insufficient cooling water, 
vacuum, oil temperature,  and low oil alarms. 

The following continuous observations should be 
made: 

(a) Review auxiliary vacuum instrumentation for 
proper indication of system performance, i.e., foreline, 
holdin.g pump,  mechanical pump and diffusion pump 
operating temperature.  

(b) Review power instrumentation and trim or zone 
control settings. 

(c) Check instrumentation for "on conditions" chart 
paper, and active operation. 

(d) Check oil level in mechanical pumps and diffusion 
pump.  

(e) Check mechanical vacuum pump, blowers, gas 
fans, oil pumps for unusual noise or vibration. Review 
V-Belt drive, belt tension and belt fatigue. 

(f) Check quench gas pressure and available capacity. 
(g) Check for proper operation of ventilation equip- 

ment if required in the particular installation. 

The following regular shift observations should be 
made: 

(a) Review auxiliary vacuum instrumentation for 
proper indication of system performance, i.e., foreline, 
holdin.g pump, mechanical pump and diffusion pump 
operating temperature.  

(b) Review power instrumentation and trim or zone 
control settings. 

(c) Check instrumentation for "on conditions" chart 
paper, and active operation. 

(d) Check oil level in mechanical pumps and diffusion 
pump.  

(e) Check mechanical vacuum pump, blowers, gas 
fans, oil pumps for unusual noise or vibration. Review 
V-Belt drive, belt tension and belt fatigue. 

(f) Check quench gas pressure and available capacity. 

The following weekly checks should be made: 
(a) Review hot zone for normal condition of heating 

elements, heat shields or retainers, insulators, and work 
support or mechanism. 

(b) Test thermocouples and lead wires for broken in- 
sulators, shorts, and loose connections. 

(c) Test visible or audible alarms for proper signals. 

The following monthly observations should be made: 
(a) Test interlock sequence of all safety equipment.  

Manually make each interlock fail, noting that related 
equipment shuts down or stops as required. 

(b) Inspect all electrical switches and contacts, repair 
as required. 

(c) Test all temperature instrument fail-safe devices, 
making certain that the control instrument or recorder 
drives in the proper direction. 

(d) Clean all water, gas compressor and pump 
strainers. 

(e) Test automatic or manual  turn-down equipment. 
(f) Change mechanical pump oil and diffusion pump 

oil, if required. 

(g) Test pressure relief valves, clean, if necessary. 
(h) Inspect air, inert gas, water, and hydraulic lines 

for leaks. 

The following periodic checks should be made: 

NOTE: Frequency of maintenance of the following will de- 
pend on the recommendations of the equipment manufacturer.  

(a) Inspect vacuum chamber O-Ring and other 
gaskets for proper sealing. 
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(b) Review the vacuum chamber vessel for evidence of 
hot spots indicating improper water cooling. 

(c) Review furnace internals in detail for heating ele- 
ment, heat shield, and work support or mechanism 
failure or deterioration. 

(d) Lubricate instrumentation, motors, drives, valves, 
blowers, compressors, pumps, and other components. 

(e) With brush or other devices remove major buildup 
of oxides and contamination from the hot zone and ac- 

cessible areas of the cold wall chamber. Blow out con- 
taminate with a dry air hose. 

(f) Run furnace to near maximum design temperature 
and maximum vacuum to boil out furnace contamina- 
tion. 

(g) Install new exhaust valve springs and discs and 
clean and flush oil from the mechanical vacuum pumps. 
Replace spring and O-Ring in the gas ballast valves. 

(h) Run blank-off test for mechanical vacuum pump 
to ensure meeting process parameter. 

Appendix B Pump Data 

Pump Ranges 

This Appendix is not a part of the requirements of this NFPA document. . ,  but is included for znformation purposes only. 

Type of  Pump 
Centrifugal or Reciprocating Mechanical 

R a n g e  of Vacuum 
760 Torr to 10 Torr (101 kPa to 1.3 kPa) 

Steam Ejector 760 Torr to 0.050 Torr (101 kPa to 6.7 Pa) 

Rotary Oil Sealed Mechanical 760 Torr to 0.010 Torr (101 kPa to 1.3 Pa) 

Blowers (Mechanical Boosters 1 Torr to .001 Torr (133 Pa to 1.3 X 10 -~ Pa) 

Oil Ejector 0.5 Torr to .001 Ton" (66 Pa to 1.3 × 10 -~ Pa) 

Diffusion .300 Torr to 10 "7 Torr (40 Pa to 1.3 X 10 -5 Pa) 

* Cryogenic Devices (i.e., liquid nitrogen 
cold traps) 

* Getter 
* Ion 
* Molecular 

.001 Torr (1.3 X 10 -t Pa) 

.001 Torr (1.3 X 10 -I Pa) 

.001 Torr (1.3 X 10-' Pa) 

.001 Torr (1.3 X 10-' Pa) 

* Gene ra l l y  a ssoc ia ted  wi th  smal l  spec ia l i zed  systems.  

Below a r e  a p p r o x i m a t e  minimum commercial  absolute pressure capabilities of t he  p r i n c i p a l  types  o f  v a c u u m  p u m p s .  

TWO STAGE SINGLE STAGE 1 

I "  ' 
MULTISTAGE 

I I 
SINGLE STAGE TWO STAGE 

i t i I I 
SINGLE STAGE TWO STAGE 

I 
SINGLE STAGE 

I I 
SINGLE STAGE 

I I 
SINGLE STAGE 

SINGLE STAGE 

T T 
SINGLE STAGE 

' " I  Illl LIQUID PISTON ROTARY 

I I I I CENTRIFUGAL 

1 
TWO-IMPELLER STRAIGHT-LOBE ROTARY 

i i i i i 
HELICAL-LOBE ROTARY I I I l 

TWO STAGE 

L 
I 1 

DIFFUSION PUMP 

LI 

760 600 400 200 160 120 80 40 

I I I I I 
DISCHARGE PRESSURE IS 
USUA L LY ATMOSPH E R IC 
EXCEPT ON DIFFUSION 
PUMPS 

RECIPROCATOR I 

1 I I : 
MULTIPLE SLIDING-VANE ROTARY 

 oul. J,,+ 
r1¥¢: • SIX EJECTOR 

* TWO STAGE * 
- -  ROTARY PISTON ROTARY 

* +TWO * OIL-SEALED 
VANE j 

I . 
* I MULTISTAGE * ~ND 

mm J ' ' HIGHEF 

I / 
<[ *VARIES CONSIDERABLY WITH SIZE, MAKE. [ 
I AND GAS CHARACTER ISTICS b o I I I I I I I I I 0-~ 

1 0 0 0 3 ~ 1 0 0  30 10 a t 3 1 10 .2 3 .2 10 .3 3 .3 10 4 

MILLIMETERS ABSOLUTE--UNIFORM SCALE MICRONS ABSOLUTE--APPROXIMATE LOGARITHMIC SCALE 
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MECHANICAL VACUUM PUMPS STEAM JET EJECTORS 

ABSOLUTE PRESSURE 

STD. ATMOSPHERIC PRESS = 14 7 PSIA = 760ram = 29.92" = H.q ABS. 

, , ?MULTISTAGE~ L 2 S O T 1 0 "  (F:NAG~ 

"EC'PROCAT'NG J 
';RY VAC PUMP)  

ROTARY 
lOlL SEALED) 

DISCHARGE TO T 
ROTARY PUMP 

~ L"T I STAG E EJECTOR IP" 

DIFFUSION PUMPS 

(OIL & MERCURY 
VAPOR TYPES) 

PUMP INLET 

TEMPERATURE 

BOILING POINT = 212°F 
/ I  FORWATERAT I 
I I NORMAL ATMOS. I 
IJ PRESSURE I 

SINGLE STAGE OR I ' ~  1--7 ~ 1150OF 
~-FINAL STAGE OF I~ I . ~ l J  ~ 

TISTAGEUNITS I L---J ~ . ~ /  

o F 
5 0 ~  - - 2 "  w 

d , 0 ~ m - - 0 . '  '' ., ] F 

5 - - - - 0 . 2 "  THREE STAGE ~- ( -~L :~J  3 ~  OF 

] ~  ~ FREEZING 
2 1 / 2 - - ~ 0 1 "  I I POINT 

MICRONS 1 "~ 
1 mm --1000 FOUR STAGE . .J-L 0°F 

l-  i 
~500 

- 2 s o  t j  ~ FIVE STAGE P-. 

o ~-m~--1oo ~ .SO°F 

- -  50  

0.01 mm 

- -25  

--10 

- - 5  

- - 2  I12 

~ =  I MICRON 0.001 mm 

NOTE' Th~s chert gives the usual operahng 
range for each type of vacuum equipment. 
that is, not necessar,ly the max,mum 
vacuum or minimum pressure it can main- 
tam in an airtight system, Spectal designs 
or modd=cat*ons of these common types 
are ave;)able for even lower pressures than 
those ~n d~catecl. 

Common types of vacuum-producing equipment used in commercial processes are indicated on this 
chart, together with the approximate operating range of each one. The central logarithmic scale shows 
absolute pressures in terms of both millimeters and inches of mercury. The right-hand scale gives the 
temperatures at which water or ice vaporizes at the corresponding pressures. Combinations of equip- 
ment are necessary to obtain extremely low pressures. 
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Ion,zat=on 
Guage Vacuum Chamber 

f 1 

- -  = Pump Fluid 

• "*'." = Gas Molecules 

Typical Vacuum System 

Pump Inlet (Low Pressure) 

First Waterj~LC°°ling C ° ~  i ~  :=~ ! ~ i i  

Stage :i ( ~ Foreline 
E . , (Pump Outlet) 

High Second C 
Compression Forepressure 
Stage CI relin 

Third  Compression O ' 
Stage O .: .. a ' r ~ .  ~ 

va0or con0onses 
and Returns to ~ . " ~  
Boiler rl Fourth Compression Stage 

• ~ (Ejector Type )  

Fractionating ~ ~ 
Boiler - -  R R N r 

~ . ~  ~ - Pump Fluid 
Electric Heater 

TEST SET-UP SCHEMATIC 
Control Bleed 

A d b r ~ i t ~  e I 

Foreline I I . . I / 
Guage Test Dome I I I on i za t i on  I /  

= ~ E  I I I / I  I \  X F o w m e t e  

Mechanical Pump Diffusion Pump 

Typical test set-up used to determine effective pumping speeds with 
variables indicated in the speed curve graph. 

How a Diffusion Pump Works 
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Appendix C Engineering Data 

This Appendix is not a part of  the requirements of  this NFP,4 document, but is included for information purposes only. 

Conversion of Gas Flows* 

U n i t  T o r r  • I . s -~ M i c r o n  . cu.  f t  • m l n - '  a t m  . cm ~ - h -~ Micron • i s - ,  

Tor r .  I- s- '  1 2120 4738 103 

Mic ron  m cUI ft ' ra in- '  4.719 • 10 -4 1 2.236 0.4719 

atm • cm s' h -1 2.110.10 -~ 0.447 1 0.21 

M i c r o n .  I. s -1 10 -3 2.120 4.738 1 

Conversion of Pumping Speeds* 

U n i t  I • s -~ m 3 • h -~ cu  f t  • m l n  - I  

I" s -1 1 3.60 2.12 

m s` h -~ 0.278 1 0.589 

cu. f t .  rain -~ 0.472 1.70 1 

"] c o n v e r s i o n  is e f f e c t e d  b y  m u l t i p l y i n g  w i t h  t he  f a c t o r s  s h o w n  i n  t he  tok, le ,  
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°C 
2000 .----:_ 

1950 -.~ 

18oo ~--~ 

~z00 

~50o 

1350 - -  

~300 ~ _ -  

1250 ' - 

1200 ~ _ -  

1150 --~_ 

1~00 

1050 " ~  

I000 

950 ~_- 

900 

350 

800 

750 

700 

650 

600 

550 

500 

450 

400 

350 

300 

250 

200 

100 

50 

0 

o F 
3632 

~ 3400 

~ -  3300 

- -  3200 

~ 3100 

~ 3 ~  

~ 20OO 

~ 2700 
Z--- 

~ 2400 

~ 03C0 

~ 1200 

~ 0100 

~ 1900 

~ 1832 
- -  1000 

- -  1700 

1700 

--- 1100 

- - -  8OO 

-~ ~ 700 . _ : -  

._:- ~ 500 

~ 400 

~ 300 

~ 212 
~ 200 

~ 32 

o C 

40~ 

39~ 

3900 

38OO 

37~ 

3700 

3650 

3600 

3500 

3500 

34~ 

3400 

3350 

3300 

3250 

3200 

3100 

3100 

3050 

3OOO 

0950 

2900 

0850 

28OO 

2750 

0700 

26~ 

26OO 

2050 

0300 

2450 

2400 

2350 

2300 

2250 

2000 

2150 

0100 

00~ 

2O0O 

Convers ion from °C to °F 

-= -~  

--Z------- 

z ~  

" - - -~  ..~____ 

OF 

7032 
7200 

7100 

7000 

6900 

6800 

6700 

6600 

6500 

6400 

6300 

6000 

6100 

6000 

5~ 

0800 

5700 

5600 

5500 

5432 
5400 

5300 

5000 

5~00 

5OOO 

4900 

4800 

4700 

~600 

4500 

4400 

43OO 

4200 

4100 

4000 

3900 

0800 

3700 

3632 

Physical  Constants 

Volume of 1 mol (molecular weight M in g) of all gases at 

760 Torr and 0 °C: 22.416 I 

I Torr and 20 °C:  18280 I 

Number of molecules in 1 tool (Loschmidt number): 

N L = 6.023.1023 

Number of molecules in 1 litre of an ideal gas under normal 
conditions: 

N = 2 .688.10 ~2 

Boltzmann constant: 

k = 1.381 • 10 -16 [erg- °K- I ]  

General  gas constant: 

R = 8.315.107 [erg- ° K - l -  mo1-1] 

R = 8.315 [Ws-  °K-1 .  mo1-1] 

R = 62.36 [Torr. I .  ° K - I .  tool -1] 

Absolute temperature : 

T [°K] = 273.16 + t [°C] 

Mass of a molecule: 

~. = 1.67- 10 -24. M [g) 

Electrical elementary charge: 

e = 1 . 6 - 1 0  -~9 [As] 

Electron volt: 

1 eV = 1 .6 .10  -19 [Ws] 



Conversion of Uni t s  of Pressure 

U n i t  T o r r  M i c r o n  W a t e r  c o l u m n  a t m  a t m  M i c r o b a r  M i l l i b a r  B a r  i n c h  H g  l b .  • ( s q .  f t )  "1 l b .  • ( s q .  i n . )  "1 
m m  H g  # c m  # b m b  b = p s *  

To r r  = 1 m m  m e r c u r y  c o l u m n  at  0 ° C  1 103 1.3595 1 .3595 .10  -3 1.3158 • 10 -s 1333.21 1.33321 1.3332" 10 -3 3.937 • 10- ;  2.7847 1.934 • 10 -~ 

m i c r o n  (~) 10 -~ 1 1 .3595 .10  -3 1.3595. 10 -6 1 .3158 .10  -~ 1.33321 1 .3332 .10  -= 1.3332 • 10 -~ 3.937 • 10 -s 2.7847 • 10 -3 1.934- 10 -s 

cm w a t e r  c o l u m n  = 1 g • cm -~ at  4 ° C  0.7356 735.6 1 10-~ 9.678 • 10 - '  980.665 0.9807 9 . 8 0 7 . 1 0 - '  2 . 8 9 6 . 1 0  -2 2.0483 1 . 4 2 2 . 1 0  -2 

otto. ( techn ica l  a t m o s p h e r e )  735.6 7.356 • 10 s 103 1 0.9678 9.807 • 10 s 9.807 • 102 0.9807 28.959 2048.3 14.22 

otto. (phys ica l  a t m o s p h e r e )  760 7.6 • 10 s 1 .033 .10  J 1.033 1 1.013.106 1 .013 .10  s 1 013 29.92 2116.4 14.697 

m l c r o b a r  (ub)  = 1 d y n  • cm -7 7.501 - 10 - '  0.7501 1 .02 .10  -:j 1 . 0 2 . 1 0 - *  9 .8698 .10- : '  1 10 -3 10-*  2 . 9533 .10  -s 2.0887 • 10 -~ 1 .4503 .10  -s 

m i l l i b a r  (rob) 0.7501 7.501 • 103 1.02 1 .02 .10  -J 9 . 8 6 9 8 . 1 0 - '  103 1 10 -3 2 .9533 .10  -2 2.0887 1.4503- 10 -~ 

b a r  (b) (abso lu te  a t m o s p h e r e )  750.1 7.501 • l 0  s 1 . 0 2 . 1 0  :~ 1.02 0.98698 10 ~' 10 s 1 29.533 2088.7 14.503 

inch o f  m e r c u r y  25.4 2 . 5 4 . 1 0 '  34.53 3 . 4 5 3 . 1 0  -~ 3 . 3 4 2 . 1 0  3 3.386 • 10" 33.86 3.386 • 10 -~ 1 70.731 0.49115 

I b ,  (sq.ft) " t  0.3591 3.591 • 10 = 0.488 4 . 8 8 2 . 1 0 - '  4 . 7 2 5 . 1 0 - '  478.756 0.4787 4 . 7 8 7 . 1 0 - '  1 .4138 .10  -~ 1 6.9445 • 10 -3 

I b .  (sq . in ) - '  = 1 psi 51.71 5.171 • 10" 70.31 7.031 - t0  -~ 6.804 • 10 -:~ 6.894 • 10'  68.94 6.894 • 10 -~ 2.0358 143.997 1 

Conversion Factors for Uni t s  of Measurement  Used in V a c u u m  
Enginee r ing  

U n i t  S y m b o l  C o n v e r s i o n  C o n v e r s i o n  
F a c t o r  U n i t  S y m b o l  F a c t o r  

roll m,I 0 00254 cm 

inch ;n 2 54 cm 

foot ft 30 48 Cm 

yard yd 0 914 m 

square inch sq in 6 452 cm= 

square tool sq ft 929.0cm ~ 

square yard sq yd 0 836 m 3 

cubic ;nch cu m 16 39 cm ~ 

US - g~l[on gal 3 705 

British gal lon gal 4 546 I 

cubic toot CU ft 28 32 I 

cubtc yard cu yd 0 765 m ~ 

pound Ib 0 4536 kg 

short ton (USA) sh tn 907,2 kg 

long ton (Brit) t. tn %016.05 kg 

pound/squareinch ps~ 00007kg mm J 

short ton~square *nch sh tn (sq ~n) i 1 406 kg mm s 
(USA] 

long ton/square inch I tn (sq ,n) ' I 575 kg ram- ~ 
(BritJ 

mlczon cubicfoot , c u  it 002S3Torr I 

micron, htre . I 10 1 Tort I 

Torr Ihre Torr I 1316otm cm J 

cenhmetre I ~m 393 7 mJ 

cenhmetre I cm 0 3937 ,n 

cenfimetre I cm 0 0328 ft 

metre I m } 094 yd 

square cenhmetre % rm'  0 1.55 sq. in 

square metre I m'  10 76 sq fl 

squoremetre 1 m 7 1 196sq yd 

cubic runtimetre I cm' 006) cu in 

litre I ! 0 264 US gap 

lltre I I 0.2201 Brit. gel 

hire 1 I 0 035 cu. tt 

cubic metre ) m 3 I 308 cu. yd 

ki logram I ~g 2 205 #b 

ton I t I 1023 sh tn (USA} 

ton ) t 0 904 I In (Brit.) 

k i logram/ I kg mm ~ 14230ps~ 
square mdhmetre 

ki logram/ I k g - m m  7 O~l~ $h #n-(~q ifl) i 
Square mdhmetre (USA) 

ki logram/ 1 k g - m m  1 06351 tn (sq.;n) t 
square mtJhmetre (Orlt) 

Torr. litre I Torr I 3531 m*cron cu ft 

Torr . lltre 1 Tort I 10 j micron - I 

atmosphere , CUbiC I Qtm cm ~ 0 759 Tort I 
cenf~metre 

Conversion is effected by mul t ip ly ing  with the  factor shown in  the table. 

('3 



86D-36 I N D U S T R I A L  F U R N A C E S  USING V A C U U M  AS AN A T M O S P H E R E  

P H Y S I C A L  PROPERTIES  OF M E T A L S  1) 

M e t a l  Symbol  Density Melhng Boiling Heat 
at 20 °C point point of fusion 

at 760 
Tort 

[g • cm- ' ]  [°C] [ °C I Ical  • g - ' ]  

Specihc heat  Thermal Linear Specific 
at 20 °C conduct iv i ty  coefhclent electrical 

at 20 °C of expansion resistance 
at 20 °C [cal • s-' • 

Ical . g-' • °C-~] cm-' - °C-' I [10-s • °C-' I (10-' - ~.~ • cm] 

Aluminium AI 2.70 659 2447 

Antimony Sb 6.68 630 1637 

Arsenic As 5.73 817 613 
(36 atm) 

Barium Ba 3.5 710 1637 

Beryllium Be 1.85 1283 2477 

Bismuth 8i 9.80 271 1559 

Boron 8 2.34 2027 3927 
amorph. 

Cadmium Cd 8.64 321 765 

Caesium Cs 1.87 28.5 705 

Calcium Ca 1.55 850 1492 

Cerium Ce 6.7 804 3467 

Chromium Cr 7.2 1903 2665 

Cobalt Co 8.9 1495 2877 

Copper Cu 8.92 1084 2578 

Dysprosium Oy 8.54 1407 2600 

Erbium Er 9.05 1497 2900 

Europium Eu 5.26 826 1439 

Gadolinium Gd 7.89 1312 3000 

Gallium Ga 5.91 29.75 1983 

Germanium Ge 5.35 937 2827 

Gold Au 19.3 1063 2709 

Hafnium Hf 13.3 2222 ($227) 

96 

38.9 

88.5 
subl. 

13.2 

250 to 270 

12.5 

489 

12.9 

3.77 

55.7 

15 

61.5 

62 

48.9 

25.2 

24.5 

15.15 

23.6 

19.16 

111.5 

14.96 

29.1 

24.8 

6.8 

32.6 

66.2 

18 

5.7 

158 

82.2 

63.7 

2.8 

Hol,'nium Ha 8.80 1461 2600 

Indium In 7.3 156 2091 

Iridium Ir 22.42 2454 (4127) 

Iron Fe 7.86 1539 2857 

Lanthanum La 6.15 920 3367 

Lead Pb 11.34 328 1751 

Lithium Li 0.53 181 1331 

Magnesium Mg 1.74 650 1104 

Manganese Mn 7.44 1314 2051 

Mercury Hg 13.55 - 39 357 

f) Camp;led from: 
Hamper, C. A.: Rare Metals Handbook, Reinhold Pubtishlng Corporohon 
Chapmann & Hall Ltd., London 1961. 
Honig, R. E : RCA-Revlew (June 1957) p. 195/204. (Vopour pressure of 
elements], 

0.214 0.503 2.38 2.66 (20 °) 

0.0503 0.045 1.08 39 ( 0 °) 

0.078 - -  0.47 33.3 (20 ° ) 

0.068 -- 1.9 36 

0.425 0.38 1.23 4.2 (20 °) 

0.0294 0.02 1.34 106.8 ( 0 °) 

0.307 -- 0.83 0.65" 10 t2 (20 °) 
(20 to 750 o) 

0.055 0.22 3.18 6.83 ( 0 °) 

0.052 0.044 9.7 36.6 (30 ° ) 

0.149 0.3 2.20 4.6 (20 ° ) 

0.049 0.026 0.85 75 (25 °) 

0.068 0.16 0.62 12.8 (20 °) 

0.102 0.165 1.42 5.68 ( 0 °) 

0.092 0.934 1.66 1.692 (20 °) 

0.0413 (0 o) 0.024 0.86 (25 o) 9; (25 o) 

0.0398 (0 °) 0.023 0.92 (25 ° ) 86 (25 ° ) 

0.0395 (0 °) - 3.2 (50 °) 81.0 (25 °) 

0.0713 (0 °) 0.021 0.64 (25 °) 134.0 (25 °) 

0.079 0.08 (30 °) 1.8 56.8 (20 °) 

0.073 - 0.6 60- 106 (25 °) 

0.031 0.71 1.43 2.44 (20 ° ) 

0.035 0.0533 (50 °} 0.59 35.5 (20 °} 
(0 to 1008 °) 

0.0391 (0 °) - 0.95 (400 °) 94 (25 °) 

0.058 0.06 2.48 8.8 (22 ° ) 

0.032 0.35 0.65 5.3 ( 0 °) 

0.107 0.175 1.17 10.7 (200) 

0.048 0.033 0.49 (25 ° ) 57 (25 °) 

0.0309 0.0827 2.91 22 (20 ° ) 

0.79 0.17 5.6 8.55 ( 0 °) 

0.25 0.376 2.58 4.46 (20 ° ) 

0.115 - 2.2 185 (20 °) 

0.033 0.020 - 95.78 (20 °} 

Stull and S;nke, Thermodynamic Properties of the Elements, Amer Chem. 
Sac., Woshinglon, D. C. (1956) and 
Hodgman, D.: Handbook of Chemistry and Physics, Chemical Rubber 
Pubhsh*ng Company, Cleveland, Oh,o, 1959 

(continued on following page) 


