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N O T I C E  

All ques t ions  or  o the r  c o m m u n i ~ a t i n n s  re la t ing  to this d o c u m e n t  should  be sent imlv to N F P A  Head-  
qua r t e r s ,  addressed  to the a t t en t ion  of the C o m m i t t e e  responsible  for the d o c u m e n t .  

For i n f o r m a t i o n  im the p roeedures  |k)r r eques t ing  T e c h n i c a l  Commi t t e e s  to issue Fo rma l  In t e rp re t a  
tions, p ropos ing  Ten ta t ive  In te r im A m e n d m e n t s .  p ropos ing  a m e n d m e n t s  for Comin i t t ee  cons ide ra t ion ,  a n d  
appea l s  on  ma t t e r s  r e l a t ing  to the con ten t  of the documen t ,  write to the Secre tary .  S t a n d a r d s  Counci l ,  Na- 
t ional  Fire Pro tec t ion  Associa t ion,  B a t t e r y m a r e h  Park ,  Q u i n c y ,  MA 02269.  

A s t a t emen t ,  wri t ten  or oral .  tha t  is not processed in a c c o r d a n c e  wJt|i Set tiim 16 of  the Regu la t ions  
G o v e r n i n g  Cnmtn i t t ee  Projects  shah  not be cons ide red  the official  posit ion of NFPA or any  of its C o m m i t -  
tees a n d  shall  not be cons idered  to be, nor  be relied u p o n  as, a Fornia l  h m ' r p r e t , i t i o n .  

Users ot tiffs d o c u m e n t  shouh |  cunsul t  a p p l i c a b h '  Federa l ,  State  a n d  hical laws a n d  regular | i res .  NFPA 
does not ,  by the pub l i ca t i on  of this d o c u m e n t ,  in tend to urge  ac t ion  which  is not in compliaiw¢'  with ap  
p l ieable  laws a n d  this d o c u m e n t  may  not  be cons t rued  as d o i n g  sn. 

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

T h e  Board  of  l ) i rectors  rea f f i rms  tha t  the Na t iona l  Fire Pro tec t ion  Associa t ion r e c o g m m s  tha t  the tox- 
icity of the p r o d u c t s  of c o m b u s t i o n  is an  i m p o r t a n t  fac to r  in the loss of life [ rnm tire. NFPA has d e a h  with 
tha t  subject  in its t echnica l  c o m m i t t e e  d o c u m e n t s  R)r m a n y  years.  

T h e r e  is a c o n c e r n  tha t  the g r o w i n g  use of synthet ic  ina ter la ls  may  p r o d u c e  more  or  add i t i ona l  toxic 
p r o d u c t s  of c o m b u s u u n  in a fire e n v i r o n m e n t .  T h e  B o a r d  has.  theielk)re, asked all N F P A  technica l  c o m m i t  
tees to review the d o c u m e n t s  for which  they are  responsible  to be sure tha t  the d o c u m e n t s  r e spond  to this 
c u r r e n t  conce rn .  T o  assist the commi t t ees  in mee t i ng  this request ,  the Board  has a p p o i n t e d  an  advisory 
c o m m i t t e e  to provide  specific g u i d a n c e  to the t echn ica l  co in |h i | t ees  on ques t ions  re la t ing  to assessing the 
haza rds  of the p r o d u c t s  of c o m b u s t i o n .  

Licensing Provision - -  ' l 'his d o c u m e n t  is copy r igh t ed  by the Na t iona l  Fir(' P ro tec t ion  Associa t ion 
(NFPA) .  

1. Adoption by Reference - -  t 'ub l ic  au thor i t i e s  a n d  o thers  are  u r g e d  to reference this d o c u m e n t  in 
laws, o rd inances ,  regula t ions ,  a d m i n i s u a t i v e  o rders  o~ s imi lar  in s t rument s  Any delet ions,  add i t ions  a n d  
changes  desire( |  by the a d o p t i n g  au tho r i ty  must  be no ted  separa te ly .  Those  us ing  this m e t h o d  are  reques ted  
to not i fy the NFPA (At ten t ion :  Secre tary ,  S t a n d a r d s  Counc i l )  in wr i t ing  of such use. T h e  te rm " a d o p t i o n  by 
re fe rence"  means  the c i t ing  of  title a n d  pub l i sh ing  i n f o r m a t i o n  only.  

2. Adoption by Transcription - -  A. Public  au thor i t i e s  with l a w m a k i n g  or r u l e - m a k i n g  powers  only.  
u p o n  wr i t ten  not ice to the N F P A  |A t t en t i on :  Secre tary .  S t a n d a r d s  Counci l ) .  will be g r a n t e d  a rovahv  free 
license to p r in t  a n d  republ i sh  this d o c u i n e n t  in whole or in par t .  with c h a n g e s  a n d  addi t ions ,  if' any.  no ted  
separa te ly ,  in laws. n rd inances ,  regula t ions ,  admin i s t r a t ive  orders  or s imilar  i n s t rumen t s  hav ing  the force of 
law, provided  that :  (11 due  not ice of NFPA ' s  copy r igh t  is c o n t a i n e d  in ea~h law a n d  in each  copy  theTeof; 
and .  (2) tha t  such  p r i n t i n g  a n d  r epub l i ca t ion  is l imited to n u m b e r s  suffi¢ lent to sat is |y the ju r i sd ic t ion ' s  
l a w m a k i n g  or  r u l e m a k i n g  process.  B.  Once  this NFPA Code  or S t a n d a r d  has been a d o p t e d  into law. all 
p r in t ings  of this d o c u m e n t  by publ ic  au thnr i t i e s  with l a w m a k i n g  or r u l e m a k i n g  powers  tit" any  o the r  persons 
des i r ing  tu r e p r o d u c e  this d o c u m e n t  or  its con ten t s  as a d o p t e d  by the jurisdi¢ t ion in whole or in | )ar t .  in ai D' 
fo rm.  u p o n  wr i t ten  request  to N F P A  (At ten t ion .  Secre tary .  S t a n d a r d s  Counci l ) .  will be g r a n t e d  a nonex-  
elusive license to pr int ,  republ i sh ,  a n d  vend this d u c u m e n t  in whole or m par t .  witli changes  a n d  addi t ions .  
if any.  no ted  separa te ly  provided  tha t  due  not ice of NFPA ' s  copyr igh t  is con t a ined  in each  copy.  Such  
license shall  be g r a n t e d  only u p o n  a g r e e m e n t  to pay  N F P A  a royahy .  This  royal ty  is r equ i red  to provide  
funds  for the research  a n d  deve lopmen t  necessary to con t inue  the work of NFPA a n d  its volunteers  m con- 
t inual ly  u p d a t i n g  a n d  revising NFPA s t anda rds .  U n d e r  ce r t a in  c i r cums tances ,  publ ic  au thor i t i e s  with 
l a w m a k i n g  or r u l e m a k i n g  powers  may  app ly  fl)r anti may  receive a special  r o y ) b y  when the publ ie  interest 
will be served thereby .  

3. Scope of  License Grant - -  T h e  te rms a n d  c o n d i t m n s  set for th  abiv, e do  not ex tend  to the  index to 
this d o c u m e n t .  

(For f u r t h e r  e x p l a n a t i o n ,  see the Policy C o n c e r n i n g  the A d o p t i o n .  P r i i u ing  a n d  Pub l i ca t ion  of NFPA 
D o c u m e n t s  which  is ava i lab le  upon  request  f rom the N F P A . )  

Statement on NFPA Procedures 

This  ma te r i a l  has been deveh)ped u n d e r  the publ i shed  p rocedures  of the Na t iona l  Fire P ro tec t ion  
Associa t ion.  which  are  des igned  to assure the a p p o i n t m e n t  of  technica l ly  c o m p e t e n t  C o m m i t t e e s  hav ing  
b a l a n c e d  rep resen ta t ion .  Whi le  these procedure. ' ,  assure the highest  degree  of care .  ne i ther  the Na t iona l  Fire 
P ro tec t ion  Associat i im.  its m e m b e r s ,  nor  those p a r t i c i p a t i n g  in its activities accepts  any  liability resul t ing  
f rom c o m p l i a n c e  or n o n c o m p l i a n c e  with the provisions given herein,  for any  restr ict ions imposed on 
ma te r i a l s  or processes,  or tor  the comple teness  of the text. 

N F P A  has m) p(iwer (ir authority,  to police or enforce  complia iace  with the con ten t s  o |  this d o c u m e n t  
a n d  any  cer t i f ica t ion  of pri)du~ ts s ta t ing  compl i anc  e with r equ i r emen t s  of this d i ) cument  is m a d e  at the peril  
of  the  cer t i f ier  
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T h e  Commi t t ee  on Finishing Processes notes the following er ror  in N F P A  33-1985. 

I. Revue Figure 2, paragraph 4-7.2, as follows: 

- i -  ~ v  ¢+.¢ m .  
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FiKure 2 CAam i or  Clam II .  Divislom 2 Locations Adjacent  to a 
Ciom~ Top ,  Open  Faced or  Open  Front Spray Booth. 

A. W l ~n  ventilation system is interlocked with spray equipment .  
B. When wndla t ion  system is not interlocked with spray equipmenL 

Copyright ~'3 1986 All Rights Re~rved 
NAT IONAL  FIRE PROTECTION ASSOCIATION 
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NFPA 33 

Standard for 

Spray Application Using Flammable 
and Combustible Materials 

1985 Edition 

This edit ion of NFPA 33, Standard for Spray Application Using Flammable and 
Combustible Materials, was prepared  by the Technica l  Commit tee  on Finishing Pro- 
cesses, and acted on by the Nat ional  Fire Protect ion Association, Inc. at its Fall Meet- 
ing held November  12-15, 1984 in San Diego, California.  It was issued by the Stan- 
dards  Council  on December  7, 1984, with an effective da te  of December  27, 1984, and 
supersedes all previous editions. 

The  1985 edit ion of this s t andard  has been approved  by the Amer ican  Nat ional  
S tandards  Insti tute.  

Changes other  than edi tor ia l  are indica ted  by a vertical rule in the marg in  of the 
pages on which they appear .  These  lines are included as an aid to the user in identify- 
ing changes from the previous edit ion.  

Origin and Development o! NFPA 33 

The  original  NFPA S tanda rd  on Paint  Spraying and Spray Booths was ini t ia ted in 
1921. The  first edit ion was publ ished in 1922 as par t  of a S tandard  on Dip Tanks  (now 
NFPA 34). Revised edit ions were publ ished in 1926, 1928, 1935, 1937, 1941, 1946, 
1950, 1953, 1954, 1955, 1957, 1959, 1960. 1961, 1963, 1966, 1969, 1973, 1977, and 
1982. 
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Committee on Finishing Processes 

Nicholas L. Talbot,  C h m r m a n  

Improved Risk Mutuals 

Mart in  F. Henry,  Secretary 

National Fire Protection Association 
(Nonvoting) 

F. D. Alroth, Underwrtters l.aboratories Inc 

Paul H. Dobson, Factor.'," Mutual Research Corp 
George A. Horne,  ACF Industries. Inc. 

John Jaresko, Industrial Risk Insurers 

James R. Kolczynski, Nourv Chemical Corp 
Rep. SPI 

Merle H. Kvaal, Graco. lot  

Oliver  J. Parsons, Eastern Air Lines. Inc. 

Gerald J. Rosicky, General Motors Corp. 
Rep. NFPA [ndustrml Fire Protection Section 

Don Scarbrough, Nordson Corp 

Wi l l i am L. Smart, Ranshurg Corp. 
Wi l l i am H. White,  Jr . ,  The DeVilhiss Co. 

Rep Society of Mantd'acturing Engineers 

Alternates 

Albert  A. Bartkus,  Underwriters l,almratorws 
lnc 

(Alternate to F. D. Alroth) 
Gary M. Bell, The DeVilbiss Co. 

(Alternate to W. H. White. Jr.) 
J. P. Carrol l ,  SPl 

(Alternate to J. R. Kolczynsk~) 

Salvatore A. Chines, Industrial Risk Insurers 

(Alternate to J. Jaresko) 

Steven J. Gunsel, Nordson Corp. 
(Ahernate to D. R Scarbrough) 

Kenneth O. Johnson, General Motors Corp. 

(Alternate to G. J. Rosicky) 

Nonvoting 

Michael B. Moore, U S Occupatmnal Safety & 
t teahh Admm. 

(Alternate to T. P. Smith) 

Terence P. Smith, U S Occupational Safety & 

Health Admm 

Thts hst represents the memher sh tp  at the t ime the Commzt t ee  was balloted on the text o / t h i s  edztton, 
Since that trine, changes m the m e m b e r s h t p  may have occurred 

NOTE: Membership on a Committee shall not in and of itself constitute an endnrsenumt of the 
Association or an}' document developed by the Committee on which the member serves. 
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NFPA 33 

Standard for 

Spray Application Using Flammable 
and Combustible Materials 
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Foreword 

NOTICE:  An asterisk (*) follnwmg the n u m b e r  or let ter 
des ignat ing  a pa rag raph  indicates  explana tory  mater ia l  on that 
paragraph in Appendix A. 

Informat ion  on referenced put)hcatinns can be found in Chapte r  
16 and Appendix  C. 

The safety of life and property from fire or explosion in 
the spray application of f lammable  and combustible 
paints, coatings and finishes depends upon the extent, ar- 
rangement ,  ma in tenance  and operation of the process. 

An analysis of actual experience in industry demon- 
strates that largest fire losses and fire frequency have oc- 
curred where good practice standards were not observed. 

Chapter  1" Scope and  Def in i t ions  

1-1" Scope. 

1-1.1 This s tandard covers the applicat ion of flam- 
mable  or combustible materials when applied as a spray 
by compressed air, "airless" or "hydraulic atomization," 
or by steam, or electrostatic methods or by any other 
means in cont inuous or in termit tent  processes. It also 
covers the application of combustible powders when ap- 
plied by powder spray guns, electrostatic powder spray 
guns, fluidized beds or electrostatic fluidized beds. 

1-1.2 This s tandard outlines practical requirements to 
obtain reasonable safety under  .average contemplated 
conditions. Where unusual  industrial  processes are in- 
volved, the authority having jurisdiction may for substan- 
tiated cause require addit ional  safeguards or modify the 
requirements  of this s tandard provided equivalent safety 
is thereby obtained.  

1-1.3" This s tandard does not cover outdoor spray ap- 
plication of buildings, tanks or other similar structures, 
nor small portable spraying apparatus  not used repeated- 
ly in the same location; however, the herein described 
fundamenta l  safeguards per ta ining to cleanliness, care of 
f lammable  liquids, dangerous vapor-air  or powder-air 
mixtures and sources of ignition should be followed where 
applicable. 

1-1.4" This s tandard does not cover the spray applica- 
tion of noncombust ib le  finishing material .  Certain water 
type finishes, however, al though involving little or no 
hazard in the liquid state may leave highly combustible 

residues upon evaporation of the liquid carrier. The pro- 
visions of this s tandard  for minimizing the hazards of 
combustible residues shall be followed irrespective of the 
characteristics of the liquid. 

1-2 Def in i t ions .  

Aerated Solid Powders.  Any powdered material  
used as a coating material  which shall be fluidized within 
a container  by passing air uniformly from below. It is 
common practice to fluidize such materials to form a 
fluidized powder bed and then dip the part to be coated 
into the bed in a m a n n e r  similar to that used in liquid 
dipping.  Such beds are also used as sources for powder 
spray operations. The  combustibil i ty of such materials 
may be determined by reference to Appendix A-13-5 and 
to NFPA 654, Standard for  the Prevention of Fire and 
Dust Explosions in the Chemical, Dye, Pharmaceutical, 
and Plastics Industries. 

Approved.  Acceptable to the "authority having 
jurisdict ion." 

NOTE:  The  Nat ional  Fire Protect ion Association does not 
approve,  inspect or certify any installat ions,  procedures,  
equipment+ or mater ia ls  nor does it approve or evaluate  test ing 
laboratories .  In de te rmin ing  the acceptabi l i ty  of instal lat ions 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 
to the listings or labeling practices of an organization concerned 
with product evaluations which is in a position to determine 
compliance with appropriate standards for the current produc- 
tion of listed items 

Au tho r i t y  H a v i n g  Ju r i sd i c t i on .  The "authority 
having jurisdiction" is the organization, office or 
individual  responsible for "approving" equipment ,  an in- 
stallation or a procedure. 

NOTE:  The  phrase '+authority having jur isdic t ion"  is used in 
NFPA documents  in a broad m a n n e r  since jur isdict ions and "ap- 
proval" agencies vary as do their  responsibilities.  Where  public  
safety is pr imary,  the "author i ty  having  jur isdict ion" may be a 
federal+ state, local or other  regional  depa r tmen t  or individual  
such as a fire chief, fire marshal ,  chief  of a fire prevention 
bureau,  labor  depa r tmen t ,  heal th  depar tment ,  bui ld ing  official. 
electrical  inspector,  or others having statutory authori ty.  For in- 
surance purposes, an insurance inspection depar tment ,  ra t ing 
bureau ,  or other insurance company  representat ive may be the 
"author i ty  having jur isdic t ion."  In many  c i rcumstances  the 
property owner or his des ignated agent  assumes the role of the 
"author i ty  having jur isdic t ion";  at government  installat ions,  the 
c o m m a n d i n g  officer or depa r tmen ta l  official may be the "au- 
thori ty having jur isdic t ion."  

Dry Spray Booth. A spray booth not equipped with 
a water washing system. A dry spray booth may be 
equipped with (1) distr ibution or baffle plates to promote 
an even flow of air through the booth or cause deposit of 
overspray before it enters exhaust duct; or (2) overspray 
dry filters to minimize dusts or residues enter ing exhaust 
ducts; or (3) overspray dry filter rolls designed to 
minimize dusts or residues enter ing exhaust ducts; or (4) 
where dry powders are being sprayed, with powder collec- 
tion systems so arranged in the exhaust to capture 
oversprayed material .  

Electrostatic F lu id ized  Bed. A container  holding 
powder coating material  which is aerated from below so 
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as to torm an air-supported expanded cloud of such 
material which is electrically charged with a charge op- 
.posite to the charge of the object to be coated; such object 
is transported through the container immediately above 
the charged and aerated materials in order to be coated. 

Fluidized Bed. A container holding powder coating 
material  which is aerated from below so as to form an air- 
supported expanded cloud of such material through 
which the preheated object to be coated is immersed and 
transported. 

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

Listed. Equipment  or materials included in a list 
published by an organization acceptable to the "authority 
having jurisdiction" and concerned with product  evalua- 
tion, that maintains periodic inspection of production of 
listed equipment  or materials and whose listing states 
either that the equipment  or material meets appropriate 
standards or has been tested and found suitable for use in 
a specified manner.  

NOTE: The means for identifying listed equipment may vary 
for each organization concerned with product evaluation, some 
of which do not recognize equipment as listed unless it is also 
labeled. The "authority having jurisdiction" should utilize the 
system employed by the listing organization to identify a listed 
product. 

Liquids .  
F lammable .  Any liquid having a flash point below 

100°F (37.8°C) closed cup and having a vapor pressure 
not exceeding 40 lb per sq in. (absolute) (2068.6 mm Hg) 
at 100°F (37.8°C). 

Combust ible .  Any liquid having a flash point at or 
above 100°F (37.8°C). For further classification see 
NFPA 321, Standard on Basic Classification of Flam- 
mable and Combustible Liquids. 

Spray Area. Any area in which dangerous quantities 
of f lammable or combustible vapors, mists, residues, 
dusts or deposits are present due to the operation of spray 
processes. 

A spray area shall include: 

(a) The interior of spray booths and rooms except as 
specifically provided in Section 11-4. 

(b) The interior of ducts exhausting from spraying 
processes. 

(c) Any area in the direct path of spraying operations. 
The authority having jurisdiction may, for the purpose 

of this standard, define the limits of the spray area in any 
specific case. The "spray area" in the vicinity of spraying 
operations will necessarily vary with the design and ar- 
rangement  of equipment  and method of operation. 
When  spraying operations are strictly confined to prede- 
termined spaces which are provided with adequate and 
reliable ventilation, such as a properly constructed spray 

booth, the "spray area" will ordinarily not extend beyond 
the booth enclosure. When, however, spraying operations 
are not confined to adequately ventilated spaces the 
"spray area" may extend throughout  the entire room con- 
taining spraying operations. 

Spray Booth. A power-ventilated structure provided 
to enclose or accommodate  a spraying operation, to con- 
fine and limit the escape of spray, vapor and residue, and 
to safely conduct  or direct them to an exhaust system. 
Spray booths are manufac tured  in a variety of forms, in- 
cluding automotive refinishing, downdraft ,  open-face, 
traveling, tunnel, and updraft  booths. 

Spray Room. A power-ventilated fully enclosed room 
used exclusively for open spraying of f lammable or com- 
bustible materials. The er~tire spray room is a spra~¢ area. 
A spray booth is not a spray room. ' 

Waterwash Spray Booth. A spray booth equipped 
with a water washing system designed to minimize dusts 
or residues entering exhaust ducts and to permit the 
recovery of overspray finishing material. 

Chapter 2* Location of Spray Application Operations 

2-1 Spray application operations within the scope of 
this s tandard shall be confined to properly designed and 
constructed spray booths, spray rooms, or properly 
designated spray areas as defined. 

2-2 spray application operations shall not be conducted 
in a building classified as assembly, educational,  institu- 
tional or residential, except in a room designed for the 
purpose, protected with an approved system of automatic 
sprinklers and separated vertically and horizontally from 
such occupancies by construction having not less than a 
two-hour fire resistance rating. 

Chapter 3* Spray Area 

3-1 Walls and ceilings which enclose or intersect spray 
areas shall be substantially constructed of steel, concrete, 
masonry, or other noncombustible materials and shall be 
securely and rigidly supported. 

The interior surfaces of spray areas shall be smooth 
and designed to prevent pocketing of residues and to 
facilitate ventilation, cleaning, and washing. 

The floor construction of spray areas, if combustible, 
shall be covered by noncombustible material. (See Sec- 
tion 8-3for disposable coverings.) 

3-1.1 Steel shall not be thinner than No. 18 MSG (1.3 
r a m ) .  

3-1.2 Aluminum or other substantial noncombustible 
material may be used for intermittent or low volume 
spraying, subject to the approval of the authority having 
jurisdiction. 
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3-1.3 Spray booths used exclusively for powder applica- 
tion may be constructed of other fire re tardant  materials 
when approved by the authority having jurisdiction. 

3-1.4 Spray rooms shall have at least a one-hour fire 
resistance rating. 

3-2 Where conveyor openings are arranged to carry 
work into or out of spray areas the opening shall be as 
small as practical. 

3-3 Spray booths shall be separated from other opera- 
tions by not less than 3 ft (1 m), or by a part i t ion or wall 
having a one-hour fire resistance rating. 

Spray booths shall be installed so that all portions are 
readily accessible for cleaning. A clear space of not less 
than 3 ft ( 1 m) on all sides shall be kept free from storage 
or combustible construction. This does not preclude the 
installation of a spray booth against a part i t ion or wall 
having a one-hour fire resistance rat ing providing the 
booth can be main ta ined  and cleaned. 

3-4 Where the product to be sprayed is brought  into a 
spray area, removed from it, or manipula ted  while there 
by a self-powered vehicle capable of producing ignition, 
the vehicle shall not be activated in the area unless the 
spray operat ion is stopped, the ventilation system is in 
operation and the area has been adequately ventilated to 
ensure a safe atmosphere. 

3-5 When spray areas are i l luminated through glass 
panels or other noncombust ib le  t ransparent  materials, 
fixed lighting units shall be used as a source of i l lumina 
tion. Panels shall effectively isolate the spray area from 
the area in which the lighting unit  is located, and shall be 
of noncombust ib le  materials of such a nature  or so pro- 
tected that breakage will be unlikely. Panels shall be so 
arranged that normal  accumulat ions of residue on the ex- 
posed surface of the panel will not be raised to a danger- 
ous temperature  by the lighting unit .  Panels shall be so 
installed that they may be easily cleaned. 

3-6 Spray areas equipped with distr ibution or baffle 
plates, or dry-type overspray collection filters shall con- 
form to the following: 

3-6.1 Distribution or baffle plates shall be of noncom- 
bustible material  and readily removable or accessible on 
both sides for cleaning. 

3-6.2 Filters shall not be used when applying a spray 
material  known to be highly susceptible to spontaneous 
heating and ignition. 

3-6.3 Supports and holders for filters shall be noncom- 
bustible. 

3-6.4 Clean filters shall be of a listed type. 

3-6.5 Filters shall not alternately be used for different 
types of coating materials, where the combinat ion  of 
materials may result in spontaneous ignition. (See also 
Section 8-9. ) 

Chapter  4* Electr ical  and  Other  Sources of I gn i t i on  

4-1" All electrical equipment ,  open flames and other 
sources of ignition, except finishing operations as de- 
scribed in Section 3-4, shall conform to the requirements 
of Chapter  4 and: 

(a) Electrostatic apparatus  shall conform to the re- 
quirements of Chapters 9 and 10; 

(b) Drying, curing and fusion apparatus  shall conform 
to the requirements of Chapter  11; 

(c) Automobile  undercoat ing spray operations in 
garages shall conform to the requirements of Chapter  12. 

(d) Powder coating equipment  shall conform to the re- 
quirements of Chapter  13. 

4-2* There shall be no open flame, spark-producing 
equipment  or exposed surfaces exceeding the ignition 
temperature  of the material  being sprayed in the areas 
specified in (a) and (b) below, except as specifically per- 
mit ted in Sections 4-7, 5-5, and 11-3 and in NFPA 86, 
Standard for  Ovens and Furnaces. Further,  there shall be 
no equipment  or processes that may produce sparks or 
particles of hot metal located above or adjacent to the 
areas in (a) and (b) below, unless means are provided to 
prevent the sparks or particles of hot metal from enter ing 
these areas: 

(a) A spray area as herein defined. 

(b) An area adjacent to a spray area and defined in 
Section 4-7 as requir ing electrical equipment  conforming 
to the provisions of NFPA 70, National Electrical Code ® , 
for Division 2 locations, unless separated therefrom by a 
part i t ion extending at least to the boundary  of the Divi- 
sion 2 location. 

4-3 Space heating appliances, steam pipes or hot sur- 
faces shall not be located in a spray area where deposits or 
combustible residues may readily accumulate  and be ig- 
nited. 

4-4 Electrical wiring and equ ipment  shall conform to 
the provisions of this section and shall otherwise be in ac- 
cordance with NFPA 70, National Electrical Code. 

4-5* Unless specifically listed for locations containing 
deposits of dangerous quantit ies of f lammable  or com- 
bustible vapors, mists, residues, dusts or deposits (as ap- 
plicable), there shall be no electrical equipment  in any 
spray area as herein defined whereon deposits of com- 
bustible residue may readily accumulate,  except wiring in 
rigid metal conduit ,  Type M1 cable, or in metal boxes or 
fittings conta in ing  no taps, splices or terminal  connec- 
tions. 

4-6* Electrical wiring and equ ipment  not subject to 
deposits of combustible residues but  located in a spray 
area as herein defined shall be of explosionproof or other 
type approved for Class ! and Class II, Division 1 loca- 
tions, and shall otherwise conform to the provisions of 
NFPA 70, National Electrical Code, for Class I or Class 
lI, Division 1 locations. (See Articles 500, 501, 502, and 
516 of  the Code.) 
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4-7* Electrical wiring and equipment  located adjacent 
to a spray area, as herein defined, shall conform to one of 
the following: 4-7.1 4-7.5. 

4-7.1 Equipment  outside of, but within 20 ft (6 m) hori- 
zontally and 10 ft (3 m) vertically, of any spray area, and 
not separated from it by partit ions extending at least to 
the boundary  of the Division 2 location shall not produce 
sparks under  normal  operat ing conditions, and shall 
otherwise conform to the provisions of NFPA 70, Na- 
tional Electrical Code, for Class I or Class II, Division 2 
locations (as applicable). (See Articles 500, 501, 502, and 
516 of  the Code.) (Also see Figure 1.) 

TOP 
(PLAN) 

~ CLASS I or CLASS IIDIV. I 

~ CLASS [o r  CLASS T IDIV2  

ROOF 

"///////////////////////////////////////////////////////////////////////~ 

FRONT 
(ELEVATION) 

Figure 1 Class I or Class II, Division 2 Locations Adjacent to 
an Unenclosed Spray Operation.  

4-7.2 If spraying operations are conducted within a 
closed top, open face or front booth or room, the elec- 
trical wiring and equipment  outside of the booth or 
room, but within the space shown in Figures 2A and 2B, 
shall not produce sparks under  normal  operat ing condi- 
tions, and  shall otherwise conform to the provisions of 
NFPA 70, National Electrical Code, for Class 1 or Class 
II, Division 2 locations (as applicable). (See Articles 500, 
501, 502, and 516 of  the Code.) The space within 3 ft (1 
m) in all directions from openings other than the open 

face or front shall be considered as Class I, Division 2 or 
Class II, Division 2 locations. 

The Class l and Class If, Division 2 locations shown in 
Figure 2 shall extend from the open face or open front of 
the spray booth or room in accordance with the follow- 
ing: 

(a) If the ventilation system is interlocked with the 
spraying equipment  so as to make the spraying equip- 
ment  inoperable when the venti lat ing system is not in 
operation, the space shall extend 5 ft (1.5 m) from the 
open face or open front of the booth or room, and as 
otherwise shown in Figure 2, Part A. 

(b) If the ventilation system is not interlocked with the 
spraying equipment  so as to make the spraying equip- 
ment  inoperable when the ventilation system is not in 
operation, the space shall extend 10 ft (3 m) from the 
open face or open front of the booth or room, and as 
otherwise shown in Figure 2, Part B. 

3'~ 

,,,,,., 3'~ Ib~t ( i . L  q .  c-~ 

-~- -u.w i'%. 1 

0 & ~ l l,%N 
-~- ELEVATIO. 

- -~ 3.* ,,4 

[;; . . . . . .  

Figure 2 Class I or Class II, Division 2 Locations Adjacent to a 
Closed Top, Open Faced or Open Front Spray Booth. 

A. When ventilation system is interlocked with spray equipment. 
B. When ventilation system is not interlocked with ~pray equipment. 

4-7.3 If spraying operations are conducted within an 
open top booth the space 3 ft (1 m) vertically above the 
booth shall be a Class 1 or Class II, Division 2 location. 
The space within 3 ft (1 m) in all directions from open- 
ings other than the open top shall also be considered as a 
Class I or Class II, Division 2 location. Electrical wiring 
and equipment  in these areas shall not produce sparks 
under  normal  operat ing conditions, and shall otherwise 
conform to the provisions of NFPA 70, National Elec- 
trical Code, for Class I or Class II, Division 2 locations. 
(See Articles 500, 501, 502, and 516 of  the Code.) 
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4-7.4 If spraying operations are confined to an enclosed 
spray booth or room, the space adjacent to the booth or 
room shall be considered nonhazardous due to the spray- 
ing operation, except for the space within 3 ft (1 m) in all 
directions from any openings in the booth or room, as 
shown in Figure 3. Electrical wiring and equipment  
within the space within 3 ft (1 m) in all directions from 
any opening shall not produce sparks under  normal 
operat ing conditions, and shall otherwise conform to the 
provisions of NFPA 70, National Electrical Code, for 
Class 1 or Class 11, Division 2 locations (as applicable). 
(See Articles 500, 501, 502, and 516 of the Code.) 

4-7.5 When spray application equ ipment  and supply 
containers are located in adequately ventilated areas and 
outside of storage or mixing rooms in spray areas, the 
area within 3 ft (1 m) of vents, fill openings, or system 
openings and extending to floor or grade shall be Class 1 
or Class II, Division 1 ; and areas between 3 ft (1 m) and 5 
ft (1.5 m) from vents, fill openings and system openings 
extending in all directions and up to 18 in. (0.5 m) above 
floor or grade within 10 ft (3 m) horizontally for liquids 
shall be Class l, Division 2. 

4-8* Electric lamps outside of, but within 20 ft (6 m) of 
any spray area as herein defined, and not separated 
therefrom by a parti t ion, shall be totally enclosed to pre- 
vent the falling of hot particles and shall be protected 
from mechanical  injury by suitable guards or by location. 

~--~Extent  Of Class T or 

\ C I ~  TT Division 2 Area. 

3'R ~ \ 

Enclosed Sprey 
Booth or Room 

3'R 
(I m) 

Plan V,~. 
(I m) 

3'R 

Elevation 

Figure 3 Class I or Class I I ,  Divis ion 2 Loca t ions  Adjacen t  
to Open ings  in an  Enclosed Spray Booth or Room.  

4-9* Portable electric lamps shall not be used in any 
spray area dur ing  spraying operations. 

Exception: Where portable electric lamps are required 
for operations in spaces not readily illuminated by fixed 
lighting within the spray area, they shall be of the type 
approved for Class I or Class H, DA4sion 1 locations 
where readily ignitable residues may be present. 

4-9.1" All metal parts of sl3ray booths, exhaust ducts 
and piping systems conveying f lammable  or combustible 
liquids or aerated combustible solids shall be properly 
electrically grounded in an effective and permanent  man- 
ner. 

4-9.2* Unless specifically intended to be operated at 
other than ground potential,  airless high fluid pressure 
spray guns and any conductive object being sprayed shall 
be properly electrically grounded.  

Chapter 5* Ven t i l a t i on  

5-1 Venti lat ing and exhaust systems shall be in accor- 
dance with NFPA 91, Standard for the Installation of 
Blower and Exhaust Systems for Dust, Stock and Vapor 
Removal or Conveying, where applicable and shall also 
conform to provisions of this section. 

5-2 All spray areas shall be provided with mechanical  
venti lation adequate to remove f lammable  or combusti- 
ble vapors, mists, residues, dusts or deposits to a safe loca- 
tion and to confine and control combustible residues so 
that life or property is not endangered.  

Exception. Confined spaces may represent areas in 
which ventilation may not be capable of effectively han- 
dling the hazardous atmosphere associated with spray 
finishing therein. In such cases, a properly apphed iner- 
ting procedure, in accordance with NFPA 69, Standard 
on Explosion Prevention Systems, and acceptable to the 
authority having jurtkdiction, may be more effective in 
reducing the hazard and may be used. 

5-2.1" L i q u i d  Coat ing  Systems. 

(a)* Generally, venti lation for nonelectrostatic spray 
operations shall provide an average velocity of not less 
than 100 ft per minute  (30.5 m / m i n )  and for electrostatic 
spray operations shall provide an average velocity of not 
less than 60 ft per minute  (18.3 m / m i n )  over the open 
face of the booth or the booth cross-section dur ing spray- 
ing operations. With the approval of the authority having 
jurisdiction these rates may be reduced, but in all cases 
the exhaust stream must be main ta ined  below 25 percent 
of the LFL. 

(b)* Spray Rooms and Open Spray Areas. Ventilation 
for spray rooms and open spray areas shall be adequate to 
ma in ta in  the exhaust stream below 25 percent of the 
LFL. 

5-2.2 Spray areas equipped with overspray collection 
filters shall have visible gages, audible alarms or an effec- 
tive inspection program that indicates that the required 
air velocity is main ta ined .  
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5-2.3 Powder  Coa t ing  Systems. (See Section 13-5.) 

5-3 Mechanical  venti lat ion shall be kept in opera t ion  at 
all times while spraying operat ions  are being conducted  
and for a sufficient t ime thereaf ter  to allow f l ammable  
vapors from drying coated articles and drying finishing 
mater ia l  residue to be exhausted.  

When  spray is au tomat ica l ly  appl ied  without an atten- 
dan t  constantly on duty,  the opera t ing  control  of spray 
appa ra tus  shall be so a r ranged  that  spray cannot  be ap- 
pl ied unless exhaust  fans are in opera t ion .  

5-4* An adequa te  supply of makeup  air to compensate  
for air exhausted from a spraying opera t ion  shall be 
safely provided to that  operat ion.  Makeup air shall be so 
in t roduced  to an opera t ion  as to provide for the efficient 
opera t ion  of exhaust  fans and minimize the creat ion of 
dead  air pockets. 

5-5 Equipment  to process air  exhausted from spray 
opera t ion  for removal  of con taminan ts  shall be approved 
by the author i ty  having jurisdict ion.  

5-6 Air  exhausted from spray operat ions shall not be 
d i rec ted  so that  it will con tamina te  makeup  air being in- 
t roduced into the spray area or other  vent i la t ing intakes, 
nor d i rec ted  so as to create a nuisance. 

5-6.1 Air  exhausted from a spray opera t ion  shall not be 
recirculated to be used as makeup  air for occupied spaces 
unless the exhaust  air  has been decon tamina t ed  to re turn  
it to a safe acceptable  composi t ion and unless listed 
equ ipment  moni tors  the decon tamina t ed  exhaust  air 
s t ream to signal the opera tor  and to au tomat ica l ly  shut 
down the spray opera t ion  in event of fai lure of the decon- 
t amina t ing  equ ipment  to ma in ta in  acceptable  air  quali ty 
s tandards .  

5-6.2 Air exhausted from a spray opera t ion  shall not be 
reci rcula ted to be used as makeup  air for an u n m a n n e d  
subsequent  spray operat ion,  unless the solid par t icu la te  
has been safely removed from the exhaust  air  and unless 
installed listed equ ipment  moni tors  the composi t ion of 
the air exhausted from the second opera t ion  to signal the 
opera to r  and to au tomat ica l ly  shut down both spray 
operat ions  in the event that  the composi t ion of the air  ex- 
hausted from the second opera t ion  exceeds 25 percent  of 
the LFL of the used solvents. 

5-7 Individual  spray booths shall be separately ducted  
to the bui ld ing  exterior,  except for mul t ip le  cabinet  spray 
booths with combined  frontal  areas of not more  than 18 
sq ft (1.7 m 2) using coat ing mater ia ls  not likely to react 
and cause ignit ion of the residue, or where pe rmi t t ed  in 
Chap te r  13 or in Section 5-8. 

5-8* Where  t rea tment  of exhaust  is necessary for air 
pol lut ion control  or for energy conservation,  ducts may 
be mani fo lded  if the sprayed mater ia ls  used are not likely 
to react and cause ignit ion of the residue in the duct  and 
if: 

(a) No nitrocellulose base finishing mater ia l  is used. 

(b) An air c leaning system reduces the amount  of 
overspray carr ied into the mani fo lded  duct  (a booth  filter 
system is adequate) .  

(c) Automat ic  sprinkler  protect ion is provided at the 
junct ion of each booth exhaust  with the mani fo ld  in addi-  
tion to protect ion r ecommended  in Chap te r  7. 

(d) The  instal la t ion is approved by the author i ty  
having jurisdict ion.  

5-9 Exhaust ducts shall be constructed of steel and shall 
be substant ial ly suppor ted.  If dampers  are installed, they 
shall be ma in ta ined  so that  adequa te  airflow is main- 
ta ined at all times the venti lat ing system is in opera t ion .  
When  spray booths are not in use and it is necessary to 
shut off ducts,  noncombust ib le  removable  covers com- 
pletely closing ducts may be used. 

5-10 Exhaus t  ducts  shall  be p r o t e c t e d  aga ins t  
mechanica l  damage  and have a c learance from un- 
pro tec ted  combust ib le  construct ion or o ther  combust ib le  
mater ia l  of not less than 18 in. (46 cm), except if com- 
bustible construct ion is provided with the following pro- 
tection appl ied  to all surfaces within 18 in. (46 cm), 
clearances may be reduced to the distance indicated:  

(a) 28 gage (0.4 mm) sheet metal  on 
¼- in .  (6 .4-mm) insulat ing mill 
board  . . . . . . . . . . . . . . . . . . . . . . .  12 in. (30 cm) 

(b) 28 gage (0.4 mm) sheet metal  on 
%-in. (3.2-ram) insulat ing mill 
board  spaced out 1 in. (2.5 cm) on 
noncombust ib le  spacers . . . . . . . .  9 in. (23 cm) 

(c) 22 gage (0.8 mm) sheet metal  on 
1-in. (2.5-cm) rockwool bats rein- 
forced with wire mesh or the 
equivalent  . . . . . . . . . . . . . . . . . . . .  3 in. (7.6 cm) 

(d) Where  ducts are protec ted  internal-  
ly with an approved au tomat ic  
sprinkler  system, properly main- 
ta ined,  the c learance may be re- 
duced to . . . . . . . . . . . . . . . . . . . . . .  6 in. (15 cm). 

5-11 The  exhaust  duct  discharge point  shall be not less 
than 6 ft (1.8 m) from any combust ib le  exterior  wall or 
roof nor shall the exhaust  duct  discharge in the direct ion 
of any combust ib le  construct ion or unpro tec ted  opening 
in any noncombust ib le  exterior  wall within 25 ft (7.6 m). 

5-12 Exhaust ducts shall be provided with ample  access 
doors to facil i tate cleaning.  

5-13 The  exhaust  fan ro ta t ing e lement  shall be nonfer- 
rous or the fan shall be constructed so that  a shift of the 
wheel or shaft will not permi t  two ferrous parts of the fan 
to rub or strike. There  shall be ample  c learance between 
fan rota t ing element  and fan casing to avoid a fire by fric- 
tion, necessary al lowance being made  for ord inary  expan- 
sion and loading to prevent contact  between moving parts  
and the duct  or fan housing. Fan blades shall be mounted  
on a shaft sufficiently heavy to main ta in  proper  align- 
ment  even when the blades of the fan are heavily loaded,  
the shaft preferably to have bearings outside the duct  and 
booth.  All bearings shall be of the self- lubricat ing type, 
or lubr ica ted  from a locat ion outside the duct .  

5-14 Electrical motors  driving exhaust  fans shall not be 
placed inside any spray area unless they meet the provi- 
sions of Section 4-5. 
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5-15 Belts shall not enter  any spray area unless the belt 
and pulley within the spray area is completely enclosed. 

5-16" Freshly sprayed articles shall be dr ied only in 
spaces provided with adequa te  venti lat ion to prevent  the 
accumula t ion  of f l ammable  vapors. In the event ade- 
quate  and rel iable venti lat ion is not provided such drying 
spaces shall be considered a spray area as herein defined.  
(See also Chapter 1 I.) 

C h a p t e r  6 F l a m m a b l e  and  Combus t ib l e  L iq u id s  

Storage and  H a n d l i n g  

6-1 The  storage of f l ammable  or combust ib le  l iquids in 
connect ion with spraying operat ions shall conform to the 
requirements  of NFPA 30, Flammable and Combustible 
Liquids Code, where appl icable .  

6-1.1 Bulk storage of f l ammable  or combust ib le  l iquids 
shall be in a separate,  proper ly  constructed bui ld ing  
de tached  from other  impor tan t  bui ldings or cut off from 
them by construct ion having at least one-hour  fire 
resistance rating.  Lesser quanti t ies  of f l ammable  or com- 
bustible liquids may be stored for use within a bui ld ing  
under  condit ions meet ing the other  provisions of this 
chapter .  

6-1.2 The  storage of f l ammable  and combust ib le  liq- 
uids in containers  and por table  tanks inside buildings 
shall meet the requirements  of NFPA 30, Flammable and 
Combustible Liquids Code. 

6-1.3 The  design, construct ion,  and instal lat ion of 
s torage tanks for f l ammable  and combust ib le  l iquids 
shall comply with NFPA 30, Flammable and Combusti- 
ble Liquids Code, requirements  for "Tank  Storage."  

6-1.4 The  design and construct ion of wood or metal  
s torage cabinets  shall meet the requirements  of NFPA 30, 
Flammable and Combustible Liquids Code, and any one 
such cabinet  shall contain  not more than 60 gal (225 L) of 
Class I and Class II liquids, or 120 gal (450 L) of Class I l l  
l iquids. When  approved by the author i ty  having jurisdic- 
tion, more than one such cabinet  may be located in a 
single fire area.  

6-1.5 The  quant i ty  of f l ammable  and combust ib le  liq- 
uids kept in the vicinity of spraying operat ions  outside an 
inside storage room or storage cabinet  in any one fire area 
shall not exceed the greater  of: (1) a supply for one day or 
one shift: (2) 25 gal (95 L) of Class IA liquids in con- 
tainers,  and 120 gal (450 L) of Class IB, IC, II or I l l  liq- 
uids in containers:  or (3) one approved  por tab le  tank not 
exceeding 660 gal (2,500 L) of Class IB, IC, II, or III 
l iquids. 

6-2 Closed conta iners ,  app roved  po r t ab l e  tanks,  
approved  safety cans, or a proper ly  a r ranged  system of 
p ip ing  shall be used for t ranspor t ing  f l ammable  or com- 
bustible liquids. Open or glass containers  shall not be 
used for t ranspor ta t ion  or storage. 

6-3 The  withdrawal  of f l ammable  or combust ib le  liq- 
uids from containers  and the filling of containers ,  in- 
c luding por tab le  mixing tanks, shall be done only in a 
suitable mixing room or in a spray area when the ven- 
t i lat ing system is in opera t ion .  Adequa te  precaut ions  
shall be taken to protect  against  l iquid spillage and 
sources of ignition. 

6-4 Except as provided in Section 6-6, the wi thdrawal  of 
f l ammable  or combust ib le  l iquids from containers  having 
a capaci ty  of greater  than 60 gal (225 L) shall be by ap- 
proved pumps.  

6-5 Containers  supplying spray nozzles shall be of closed 
type or provided with metal  covers kept closed. Con- 
tainers not resting on floors shall be on substant ia l  sup- 
ports or suspended by wire cables. Containers  supplying 
spray nozzles by gravity flow shall not exceed 10 gal (38 L) 
capaci ty.  

6-6 Original  shipping containers  shall not be subjected 
to air pressure for supplying spray nozzles. Pressure 
vessels supplying spray nozzles shall be of l imited capac-  
ity, not exceeding that  necessary for one day's opera t ion:  
shall be designed and approved for such use: shall be pro- 
vided with a visible pressure gage: and shall be provided 
with a relief valve: all in conformance  with the ASME 
Code for Unfired Pressure Vessels. 

6-7 Containers  under  pressure supplying spray nozzles, 
air storage tanks and coolers shall conform to the stan- 
dards  of the ASME Code for Unfired Pressure Vessels for 
construct ion,  tests and main tenance .  

6-7.1 All containers  or p iping to which is a t tached  a 
hose or flexible connect ion shall be provided with a 
shutoff  valve at the connect ion.  Such valves shall be kept 
shut when spraying operat ions  are not being conducted ,  
except when a c i rcula t ing  system is used and it is provided 
with an au tomat ica l ly  opera ted  an t i - runaway control.  

6-7.2 When  a p u m p  is used to deliver products ,  
au tomat ic  means shall be provided to prevent pressure in 
excess of the design working pressure of accessories, pip- 
ing and hose. 

6-7.3 All pressure hose and couplings shall be inspected 
at regular  intervals appropr i a t e  to the service. Wi th  the 
hose extended,  the hose and couplings shall be tested 
using the "in service m a x i m u m  opera t ing  pressures." Any 
hose showing mater ia l  deter iorat ions ,  signs of leakage or 
weakness in its carcass or at the couplings shall be 
wi thdrawn from service and discarded.  

6-8 If a spray l iquid heater  is used, it shall be low- 
pressure, steam or hot water  type, or electric. If electric, 
it shall be approved  and listed for the specific location in 
which it is used. (See Chapter 4.) Heaters  shall not be 
located in spray booths nor o ther  locations subject to the 
accumula t ion  of deposits or combust ib le  residue. 
Agitators,  if used, shall be driven by compressed air, 
water,  or low-pressure steam, or electricity. If powered by 
an electric motor ,  the motor  shall conform to the re- 
quirements  of Chap te r  4. 
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6-8.1 Unless f l ammable  and combust ib le  l iquid piping.  
hose and equ ipment  have been designed to meet the re- 
qui rements  of high pressure processes - those employing 
pressures in excess of 100 psig (7.9 bars) - such equip- 
ment  shall not be used for this purpose.  

opera te  quickly in event of fire. If covered, polyethylene 
or cel lophane bags having a thickness of 0.003 in. (0.076 
mm) or less, or thin paper  bags shall be used. Coverings 
shall be replaced or heads c leaned frequent ly  so that  
heavy deposits of residue do not accumula te .  

6°8.2 If f l ammable  or combust ib le  liquids are suppl ied 
to spray nozzles by positive d isplacement  pumps,  means 
shall be provided to prevent the discharge pressure ex- 
ceeding the safe opera t ing  pressure of the system. Any 
discharge shall be to a safe location.  

6-9 Whenever  f l ammable  or combust ib le  l iquids are 
t ransferred from one conta iner  to another ,  both  con- 
tainers shall be effectively bonded  and grounded  to 
dissipate static electricity. NFPA 77, Recommended 
Practice on Static Electricity, provides informat ion on 
static protect ion.  

6-10 Piping systems conveying f l ammable  or combusti-  
ble l iquids shall be of steel or other  mater ia l  having com- 
parab le  proper t ies  of resistance to heat  and physical 
damage ;  they shall be so installed that  a rup ture  of the 
system for any reason is unlikely. Piping systems shall be 
proper ly  bonded  and grounded .  

Chapter 7* Protection 

7-1 Spray areas shall be protec ted  with an approved 
au tomat ic  fire ext inguishing system. 

7-2* In spr inklered buildings,  the au tomat ic  sprinkler  
system in rooms conta in ing spray appl ica t ion  operat ions 
shall conform to NFPA 13, Standard for the Installation 
of Sprinkler Systems, provisions for Extra Hazard  Occu- 
pancy, and in unspr inklered bui ldings where sprinklers 
are instal led only to protect  spray areas, the instal la t ion 
shall conform to such s tandards  insofar as they may be 
appl icable .  Sprinkler  instal lat ions shall also conform to 
the provisions of this chapter .  

NOTE: Sprinklers in rooms containing spray application 
operations should be on a wet pipe system where practical. 
Unusual or out-of-the ordinary spray operations may require 
open head deluge or a combination of open and closed head 
automatic sprinkler protection, subject to the approval of the 
authority having jurisdiction. 

7-3 Wate r  supply for sprinklers in rooms conta in ing 
spray finishing operat ions shall be sufficient to supply all 
sprinklers likely to open in one fire without deple t ing  the 
avai lable water  for use in hose streams. Where  sprinklers 
are instal led to protect  spray areas only, water may be 
furnished from the domestic  supply, subject to the ap- 
proval of the author i ty  having jurisdict ion.  

7-4* Where  au tomat ic  sprinklers protect  each spray 
booth ( together  with its connect ing  exhaust)  they shall be 
under  an accessibly located separate  OS & Y subcontrol  
valve. Sprinkler  systems in stacks or ducts shall be 
au tomat ic  and of a type not subject to freezing. 

7-5 Sprinklers protect ing spray areas shall be cleaned 
and protec ted  against  overspray residue so that  they will 

7-6 Where  au tomat ic  sprinkler  protec t ion  is not 
available,  a spray booth and its exhaust  ducts  may be 
pro tec ted  with a dry chemical  ext inguishing system in- 
s tal led so as to conform to NFPA 17, Standard for Dry 
Chemical Extinguishing Systems; a carbon dioxide system 
instal led so as to conform to NFPA 12, Standard on Car- 
bon Dioxide Extinguishing Systems: or a ha logena ted  ex- 
t inguishing system instal led so as to conform to NFPA 
12A, Standard on Halon 1301 Fire Extinguishing 
Systems: or NFPA 12B, Standard on Halon 1211 Fire Ex- 
tinguzshing Systems. 

7-7 An adequa te  supply of  suitable por tab le  fire ex- 
t inguishers shall be installed near  all spray areas. (See 
NFPA 10, Standard for Portable Fire Extingushers.) 

7-8" Fixed powder  appl ica t ion  equ ipment  shall be pro- 
tected fur ther  by instal lat ion of approved  f lame detect ion 
appa ra tus  that  will, in event of ignition, react to the 
presence of f lame within one-hal f  second and:  

(a) Shut down all energy supplies (electrical and com- 
pressed air) to conveyor, venti lat ion,  appl ica t ion ,  t ransfer  
and powder  collection equipment .  

(b) Close segregation dampers  in associated ductwork 
to in te r rupt  airflows from appl ica t ion  equ ipment  to 
powder  collectors. 

(c) Actua te  an a larm.  

Chapter 8* Operations and Maintenance 

8-1" Spraying shall not be conduc ted  outside of prede- 
t e rmined  spray areas and all provisions of this s t andard  
apply ing  to spray areas shall be strictly followed. 

8-2 High pressure hose conveying f l ammable  or com- 
bustible mate r ia l  in "airless" spray appl ica t ion  operat ions  
shall be frequently inspected and proper ly  main ta ined .  
Hose and equ ipment  shall be so located that  in the event 
of a leak or rupture ,  appl ica t ion  mater ia l  will not be dis- 
charged into any space having a source of ignition. 

8-3" All spray areas shall be kept free from the ac- 
cumula t ion  of deposits of combust ib le  residues. Com- 
bustible coverings (thin paper ,  plastic,  etc.) and  strip- 
pable  coatings may be used to facil i tate c leaning opera- 
tions in spray areas. If residue accumulates  to excess in 
booths, duct  or duct  discharge points or other  spray 
areas, then all spraying operat ions  shall be discont inued 
until  condit ions are corrected.  

8-4 Main tenance  procedures  shall be establ ished to en- 
sure replac ing overspray collector filters before excessive 
restr ict ion to air  flow occurs. Overspray collectors shall be 
inspected after each per iod of use and clogged filters 
d iscarded and replaced.  
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All d iscarded overspray collector filters shall be im- 
media te ly  removed to a safe, wel l -detached locat ion or 
p laced in a water-f i l led metal  conta iner  and disposed of 
at the close of the day's opera t ion  unless ma in ta ined  com- 
pletely in water.  

8-5* Residue scrapings and debris  con tamina ted  with 
residue shall be immedia te ly  removed from premises and 
proper ly  disposed of. 

8-6* Approved  metal  waste cans shall be provided 
wherever rags or waste are impregna ted  with sprayed 
mater ia l  and all such rags or waste deposi ted therein im- 
mediate ly  after use. The  contents of waste cans shall be 
proper ly  disposed of at least once daily at the end of each 
shift. 

8-7 Employees'  c lothing con tamina t ed  with sprayed 
mater ia l  shall not be left on the premises overnight  unless 
kept in metal  lockers. 

8-8 Solvents for c leaning opera t ions  shall have flash 
points above 100°F (37.8°C). However,  for c leaning 
spray nozzles and auxi l iary equ ipment ,  solvents having 
flash points not less than  those normal ly  used in spray 
operat ions  may be used. 

Cleaning operat ions  using f l ammable  or combust ib le  
solvents shall be conducted  inside spray booths with ven- 
t i lat ing equ ipment  opera ted  dur ing  cleaning,  or in other  
adequate ly  vent i la ted locations complying with the re- 
quirements  of Chap te r  4. 

8-9* Spray booths shall not be a l ternately  used for 
different types of coating materials,  where the combina-  
tion of the materials  may be conducive to spontaneous 
ignition, unless all deposits of the first used mater ia l  are 
removed from the booth and exhaust ducts prior to spray- 
ing with the second. Examples of dangerous combinat ions 
a r e ~  

(a) Deposits of lacquers conta in ing  nitrocellulose com- 
bined with finishes conta in ing  drying oils, such as var- 
nishes, oi l -based stains, a i r -drying enamels,  and primers.  

(b) Bleaching compounds  based on hydrogen peroxide, 
hypochlori tes,  perchlorates ,  or other  oxidizing com- 
pounds combined  with any organic  finishing materials .  

8-10" Coat ing mater ia ls  conta in ing ch lor ina ted  solvents 
shall not be used with spray or fluid handl ing  equ ipmen t  
if the chlor ina ted  solvent will come into contact  with 
a luminum within a p ip ing  system, pump,  enclosed con- 
ta iner  or any enclosure that  is capable  of being pressur- 
ized by the potent ia l  reaction.  This  applies even if the 
conta iner  or system has been constructed with pressure 
relief devices. 

8-11 "No Smoking" signs in large letters on contras t ing 
color background  shall be conspicuously posted at all 
spray areas and paint  s torage rooms. 

8-12" When  main tenance  operat ions  involve the use of 
welding, burning,  or g r ind ing  equipment ,  such opera- 
tions shall be done under  the supervision of  proper ly  
des ignated personnel provided with adequa te  fire ex- 
t inguishing equipment .  

C h a p t e r  9 F ixed  Elec t ros ta t ic  Apparatus 

9-1 This chap te r  shall apply  to any equ ipment  using 
electrostat ical ly charged  elements  for the a tomizat ion,  
charg ing  and (or) p rec ip i ta t ion  of hazardous mater ia ls  
for coatings on articles or for other  similar  purposes in 
which the charging  or a tomizing device is a t tached  to a 
mechanical  support  and is not hand held or manipula ted .  

9-2 The  instal la t ion and use of electrostat ic  spraying 
equ ipment  shall conform to all other  app l icab le  chapters  
of this s t andard ,  and shall also conform to the require- 
ments  of this chapter .  

9-3 Electrostat ic appa ra tus  and devices used in connec- 
tion with coat ing operat ions  shall be of listed types. 

9-4 Trans fo rmers ,  h igh voltage supplies,  control  
appara tus ,  and all other  electrical  port ions of the equip- 
ment ,  with the except ion of high voltage grids, electrodes 
and electrostat ic  a tomizing heads and their  connections,  
shall be located outside of the spray area as defined in 
Chap te r  1, or shall otherwise conform to the require- 
ments  of Chap te r  4 of this s t andard .  

9-5 Electrodes and electrostat ic  a tomizing heads shall 
be adequate ly  suppor ted  in pe rmanen t  locations and 
shall be effectively insulated from ground.  Electrodes and 
electrostat ic  a tomizing heads which are permanent ly  at- 
tached to their  bases, supports,  or reciprocators ,  shall be 
deemed to comply with this section. Insulators shall be 
nonporous.  Fine wire elements when used shall be under  
tension at all times and be of unkinked ha rdened  steel or 
mater ia l  of comparab l e  strength.  

9-6 High voltage leads shall be proper ly  insulated and 
pro tec ted  from mechanica l  injury or exposure to destruc- 
tive chemicals.  Any exposed e lement  at high voltage shall 
be effectively and permanent ly  suppor ted  on sui table in- 
sulators and shall be effectively gua rde d  against  acciden- 
tal contact  or grounding.  

9-7 A safe dis tance shall be ma in t a ined  between goods 
being pa in ted  and electrodes or electrostat ic  a tomizing 
heads or conductors  of at least twice the sparking 
distance. A suitable sign indica t ing  this safe distance shall 
be conspicuously posted near  the assembly. 

9-8 Goods being coated using this process shall be sup- 
por ted  on conveyors or hangers.  The  conveyors or 
hangers shall be so a r ranged  as to assure that  the parts  
being coated are electr ical ly connected  to ground,  with a 
resistance of 1 megohm or less, and  to ma in ta in  safe 
distances between the goods and the electrodes or elec- 
trostat ic a tomizing heads at all times. Goods shall be sup- 
por ted  to prevent swinging or movement  which would 
reduce the c learance to less than that  specified in Section 
9-7. 

9-9 Electrostatic appa ra tus  shall be equ ipped  with 
au tomat ic  means which will rapidly  de-energize the high 
voltage elements  under  any of the following condit ions:  

(a) S toppage  of  vent i la t ing fans or failure of ven- 
t i la t ing equ ipment  from any cause. 
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(b) Stoppage of the conveyor carrying goods through 
the high voltage field unless stoppage is required by the 
spray process. 

(c) Occurrence of a ground or excessive current 
leakage at any point on the high voltage system. 

(d) De-energizing the primary of the power supply. 

(e) Clearance below that specified in Section 9-7. 

9-10 Safeguards such as adequate booths, fencing, rail- 
ings or other means shall be so placed about the equip- 
ment or incorporated therein that they, either by their 
location or character or both, assure that a safe isolation 
of the process is maintained from plant storage or person- 
nel. 

9-11 All electrically conductive objects in the spray 
area, except those objects required by the process to be at 
high voltage, shall be adequately grounded. This require- 
ment shall apply to paint containers, wash cans, guards 
and any other electrically conductive objects or devices in 
the area. The equipment shall carry a prominent per- 
manently installed warning regarding the necessity for 
this grounding feature. 

9-12 Signs designating the process zone as dangerous as 
regards fire and accident shall be conspicuously posted. 

9-13 All insulators shall be kept clean and dry. 

9-14 The spray area shall be so ventilated as to ensure 
safe conditions from a fire and health standpoint. (See 
NFP,4 91, Standard for the Installation of  Blower and 
Exhaust Systems for Dust, Stock and Vapor Removal or 
Conveying. ) 

9-15 All areas used for spraying, including the interior 
of the booth, shall be protected by automatic sprinklers 
where this protection is available. Where this protection 
is not available, other approved automatic extinguishing 
equipment shall be provided. 

a grounded object under all normal operating conditions. 
(See Article 500, NFPA 70, National Electrical Code.) 
The electrostatically charged exposed elements of the 
hand gun shall be capable of being energized only by an 
actuator which also controls the coating material supply. 

10-4 Transformers, high voltage supplies, control ap- 
paratus, and all other electrical portions of the equip- 
ment, with the exception of the hand gun itself and its 
connections to the power supply, shall be located outside 
of the spray area or shall otherwise conform to the re- 
quirements of Chapter 4 of this standard. 

10-5 The handle of the spray gun shall be electrically 
connected to ground by a metallic connection and be so 
constructed that the operator in normal operating posi- 
tion is in intimate electrical contact with the grounded 
handle to prevent buildup of a static charge on the 
operator's body. Signs indicating the necessity for 
grounding other persons entering the spray area shall be 
conspicuously posted. 

10-6 All electrically conductive objects in the spray area 
shall be adequately grounded. This requirement shall 
apply to paint containers, wash cans and any other elec- 
trically conductive objects or devices in the area. The 
equipment shall carry a prominent permanently installed 
warning regarding the necessity for this grounding fea- 
ture. 

10-7 Objects being coated shall be maintained in elec- 
trical contact with the conveyor or other grounded sup- 
port. Hooks shall be regularly cleaned to assure adequate 
grounding of 1 megohm or lower resistance. Areas of con- 
tact shall be sharp points or knife edges where possible. 
Points of support of the object shall be concealed from 
random spray, where feasible, and where the objects 
being sprayed are supported from a conveyor, the point 
of attachment to the conveyor shall be so located as not to 
collect spray material during normal operation. 

Chapter 10 Electrostatic Hand Spraying Equipment 

10-1 This chapter shall apply to any equipment using 
electrostatically charged elements for the atomization, 
charging and (or) precipitation of materials for coatings 
on articles, or for other similar purposes in which the 
atomizing device is hand held and manipulated during 
the spraying operation. 

10-2 Electrostatic hand spraying equipment shall con- 
form with the other applicable provisions of this standard 
and shall also conform to the provisions of this chapter. 

10-3 Electrostatic hand spray apparatus and devices 
used in connection with coating operations shall be of 
listed types. The high voltage circuits shall be designed so 
as not to produce a spark of sufficient intensity to ignite 
the most hazardous of those vapor-air mixtures or 
powder-air mixtures likely to be encountered, nor result 
in appreciable shock hazard upon coming in contact with 

Chapter 11 Drying, Curing or Fusion Apparatus 

11-1 Drying, curing or fusion apparatus in connection 
with spray application of flammable and combustible 
coatings shall conform to NFPA 86, Standard for Ovens 
and Furnaces, where applicable and shall also conform to 
the following: 

11-2 Spray booths, rooms or other enclosures used for 
spraying operations shall not alternately be used for the 
purpose of drying by any arrangement which will cause a 
substantial increase in the surface temperature of the 
spray booth, room or enclosure. The susceptibility to 
spontaneous heating and ignition of overspray residue 
may be greatly increased at temperatures above normal. 
Hence the use of hot air drying in a space which has been 
used for spray application is apt to create a severe hazard. 

11-3 Except as specifically provided in Section 11-4, 
drying, curing or fusion units utilizing a heating system 
having open flames or which may produce sparks shall 
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not be installed in a spray area as defined in Chapter  1, 
but may be installed adjacent thereto when equipped 
with an interlocked ventilating system arranged to: 

(a) Thoroughly  ventilate the drying space before 
heating system can be started; 

(b) Maintain a safe atmosphere at any source of igni- 
tion: 

(c) Automatically shut down heating system in the 
event of failure of the ventilating system. 

11-4 Automobile refinishing spray booths or enclosures, 
otherwise installed and maintained in full conformity 
with this standard, may alternately be used for drying 
when conforming with the following: 

(a) Interior (especially floors) of spray enclosures shall 
be kept free of overspray deposits. 

(b) During spray operations, the drying apparatus and 
electrical connections and wiring thereto shall not be 
located within spray enclosure nor in any other location 
where spray residue may be deposited thereon. 

(c) Spraying apparatus, drying apparatus,  and ven- 
tilating system of spray enclosure shall be equipped with 
suitable interlocks so arranged that: 

1. Spraying apparatus cannot be operated while 
drying apparatus is inside spray enclosure. 

2. Spray enclosure will be purged of spray vapors for 
a period of not less than 3 minutes before drying ap- 
paratus can be energized. 

3. Ventilating system will maintain a safe at- 
mosphere within the enclosure during the drying process 
and drying apparatus will automatically shut off in the 
event of failure of the ventilating system. 

(d) All electrical wiring and equipment  of drying ap- 
paratus shall conform to the applicable sections of NFPA 
70, National Electrical Code. Only equipment  of a type 
approved for Class I, Division 2 locations shall be located 
within 18 in. (46 cm) of floor level. All metallic parts of 
drying apparatus shall be properly electrically bonded 
and grounded.  

(e) Drying apparatus shall contain a prominently 
located permanently at tached warning sign indicating 
that ventilation shall be maintained during the drying 
period and spraying shall not be so conducted in the vi- 
cinity that spray will deposit on apparatus.  

11-5 In powder coating processes, the powder is heated 
after or during application to bring about its fusion into a 
complete integral film. During such fusion many powders 
may release hazardous vapors. For this reason all fusion 
facilities shall be adequately ventilated to remove such 
vapors. 

Chapter 12 Automobi le  Unde rc oa t i ng  in Garages 

12-1 Automobile undercoat ing operations in garages, 
conducted in areas having adequate natural or 
mechanical  ventilation, are exempt from the re- 
quirements pertaining to spray coating operations, when 

(1) undercoat ing materials not more hazardous than 
kerosene (as classified by Underwriters Laboratories Inc. 
in respect to fire hazard rating 30-40) are used, or (2) 
undercoating materials using only solvents having a flash 
point in excess of 100°F (37.8°C) are used, and (3) no 
open flames are within 20 ft (6 m) while such operations 
are conducted.  

12-2 Undercoating spray operations not conforming to 
the provisions of Section 12-1 shall conform to all re- 
quirements of this standard pertaining to spray finishing 
operations. 

Chapte r  13" Powder  Coating 

13-1 This chapter shall apply to processes in which 
combustible dry powders are applied. The  hazards 
associated with combustible dusts are present in such pro- 
cesses to a degree depending upon the chemical composi- 
tion of the material, particle size, shape and distribution. 
Generally coating powders are applied by means of: 

(a) Fluidized bed. 
(b) Electrostatic fluidized bed. 
(c) Powder spray guns. 

(d) Electrostatic powder spray guns. 

Sections 13-2 to 13-7 are general and apply to all 
methods of application. Sections 13-8 to 13-10 are ap- 
plicable to the specific method indicated therein. 

13-2 Locat ion.  Powder coating operations shall be 
confined to properly designed enclosures provided with 
protection according to Chapter  7 of this standard and 
located in accordance with Section 2-2 of this standard. 

13-3 Enclosures.  Powder shall be effectively confined 
by conduct ing coating operations within: 

(a) Completely enclosed, adequately ventilated rooms 
of noncombustible construction with smooth surfaces de- 
signed to prevent accumulat ion of powder and to 
facilitate cleaning or 

(b) Adequately ventilated spray booths meeting the re- 
quirements of Sections 3-1 through 3-5, and by usin.g ef- 
fectively enclosed, adequately ventilated containers 
(tanks, bins, etc.). 

13-4 Electr ical  and Othe r  Sources of Ignition. 
(a) Electrical equipment  and other sources of ignition 

shall conform to the requirements of Chapter  4 of this 
standard,  and Articles 500 and 502 of NFPA 70, Na- 
tional Electrical Code. 

(b) When the part being coated is preheated in an 
oven, the controls shall be set so that the surface tempera- 
ture of the part does not come within 50°F (28°C) of the 
autoignition temperature of the powder used. 

(c) To minimize the possibility of ignition by static 
electrical sparks, powder transport,  application, recovery 
equipment,  work pieces and all other conductive objects 
shall be grounded with a resistance to ground not ex- 
ceeding 1 megohm. 



P O W D E R  C O A T I N G  33-15 

13-5" Ventilation. 
(a) Nondeposited air-suspended powders shall be 

safely removed from a spray operation to a powder 
recovery system. Sufficient airflow shall be provided to 
maintain the exhaust duct at a powder concentration 
that will not exceed one-half  the "minimum explosible 
concentrat ion" (MEC) of the powder in use. [See 13-5(b) 
for exception.] If the MEC of the powder has not been 
established, then the exhaust duct powder concentration 
shall be maintained below 0.015 oz per cu ft (15 g/m3). 
Exhaust equipment  shall bear an identification plate 
stating the ventilation rate for which it was designed (cu 
ft per minute or m3/hr). 

(b) When, by design, the coating operat ion is con- 
ducted at an exhaust duct concentrat ion above 50 per- 
cent MEC, listed suppression equipment  shall be pro- 
vided. (See NFPA 69, Standard on Explosion Prevention 
Systems.) 

(c) Air exhausted from the recovery system of a 
powder operation shall not be recirculated as input air 
for that operation unless the particulate composition of 
the exhaust air has been returned to an acceptable safe 
level and installed equipment  continuously monitors the 
exhausted air to signal the operator and to automatically 
shut down the operation in event the particulate removal 
equipment  fails to maintain the air in this condition. 

(d) Any enclosures of a powder coating operation 
(booth, recovery enclosure, etc.) which are effectively 
"tight" enclosures shall be provided with adequate 
blowout openings to safely relieve internal pressure in 
case of mixture ignition. (See NFPA 68, Guide for Explo- 
sion Venting.) 

(e) Ventilation for fluidized beds and electrostatic 
fluidized beds shall be designed to effectively prevent 
escape of nondeposited powder from the enclosure. 

(f) Ventilation for spray booths shall be adequate to 
confine air-suspended powder to the booth and recovery 
system at all times. Average air velocity through elec- 
trostatic booth openings shall not be less than 60 ft per 
minute (18.3 m/min) .  Average air velocity through open- 
ings of nonelectrostatic booths shall not be less than 100 ft 
per minute (30.5 m/rain).  

13-6 Drying, Curing, or Fusion Equipment. 
(a) The temperature of the work piece shall not come 

within 50°F (10°C) of the autoignition temperature of 
the powder. 

(b) The provisions of NFPA 86, Standard for Ovens 
and Furnaces, shall apply where applicable. 

13-7 Operation and Maintenance. 
(a) All portions of the work place surrounding the 

spray area, including horizontal surfaces such as ledges, 
beams, pipes, hoods, and booth floors, shall be main- 
tained to prevent the accumulat ion of powder. 

(b) Surfaces shall be cleaned in such manner  as to 
avoid scattering powder or creating powder clouds. 
Vacuum sweeping equipment,  where used, shall be of a 
type approved for use in hazardous locations. 

(c) Care shall be exercised to prevent t ramp iron or 
spark producing material from being introduced into the 

powders being applied. Magnetic and filter type 
separators are recommended.  

(d) "No Smoking" signs in large letters on contrasting 
color background shall be conspicuously posted at all 
powder coating areas and powder storage rooms. 

13-8 Fixed  E lec t ro s ta t i c  Powder  S p r a y i n g  
Equipment. The provisions of Chapter  9 and other sec- 
tions of Chapter  13 of this s tandard shall apply to fixed 
electrostatic equipment,  except that electrical equipment  
not covered therein shall conform to Section 13-4 of this 
chapter.  

13-9 E lec t ro s ta t i c  H a n d  Powder  S p r a y i n g  
Equipment. The provisions of Chapter  10 and other 
sections of Chapter  13 of this s tandard shall apply to elec- 
trostatic hand guns when used in powder coating, except 
that the high voltage circuits shall be designed so as not to 
produce a spark of sufficient intensity to ignite any 
powder-air mixtures likely to be encountered instead of 
the vapor-air mixtures referred to, and except that elec- 
trical equipment  not covered therein shall conform to 
Section 13-4 of this chapter.  

13-10 Electrostatic Fluidized Beds. 
13-10.1 Electrostatic fluidized beds and associated 
equipment  shall be of approved types. The high voltage 
circuits shall be so designed that any discharge produced 
when the charging electrodes of the bed are approached 
or contacted by a grounded object shall not be of suffi- 
cient intensity to ignite any powder-air mixture likely to 
be encountered,  nor result in an appreciable shock 
hazard. 

13-10.2 Transformers, power packs, control apparatus 
and all other electrical portions of the equipment,  with 
the exception of the charging electrodes and their con- 
nections to the power supply, shall be located outside of 
the area classified as hazardous or shall otherwise con- 
form to the requirements of Section 13-4 of this chapter.  

13-10.3 All electrically conductive objects within the 
powder coating area shall be adequately grounded.  The  
powder coating equipment  shall carry a prominent,  per- 
manently installed warning regarding the necessity for 
grounding these objects. 

13-10.4 Objects being coated shall be maintained in 
electrical contact (less than one megohm) with the con- 
veyor or other support in order to ensure proper ground- 
ing. Hangers shall be regularly cleaned to ensure effective 
contact. Areas of contact shall be sharp points or knife 
edges where possible. 

13-10.5 The electrical equipment  and compressed air 
supplies shall be so interlocked with the ventilation system 
that the equipment  cannot be operated unless the ventila- 
tion fans are in operation. 
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Chapter 14" Organic Peroxides and 

Plural Component Coatings 

14-1 All spray operat ions  involving the use of organic 
peroxides and other  plural  componen t  coatings shall be 
conducted  in spray areas protec ted  by approved 
au tomat ic  sprinkler  systems. 

14-2 Extreme care shall be exercised at all times to pre- 
vent the con tamina t ion  of organic  peroxide init iators 
with any foreign substance.  Only spray guns and related 
handl ing  equ ipment  specifically manufac tu red  for use 
with organic peroxides shall be used. Separa te  fluid han- 
dl ing equ ipment  shall be used for the resin and for the 
catalyst and they shall not be in terchanged.  

14o2.1 All wetted port ions of organic  peroxide handl ing  
equ ipment  shall be constructed of stainless steel (300 
series), polyethylene,  Teflon ® or other  mater ia ls  which 
are specifically r ecommended  for the appl icat ion.  

14-2.2 Extreme care shall be exercised to prevent con- 
t amina t ion  of organic peroxides with dusts or overspray 
residues result ing from the sanding  or spraying of 
finishing materials .  Such mixing may result in a spon- 
taneous fire or explosion. 

14-2.3 All spilled peroxides shall be prompt ly  removed so 
there are no residues. Spilled mater ial  may be absorbed by 
using a noncombus t ib le  absorbent  and then p rompt ly  
disposed of in accordance  with the manufac tu re r ' s  
r ecommenda t ion .  

Chapter 15" Training 

15-1 All personnel involved in spray appl ica t ion  in pro- 
cesses covered by this s t andard  shall be instructed in the 
potent ia l  safety and heal th hazards,  the opera t ional ,  
ma in tenance  and emergency procedures  required,  and 
the impor tance  of constant  opera to r  awareness. 

15-2 Personnel required to handle  or use f l ammable  or 
combust ib le  mater ia ls  shall be instructed in the safe han- 
dling, storage, and use of the mater ials ,  as well as the 
emergency procedures  that  may be required.  

15-3" All personnel required to enter  or to work within 
confined or enclosed spaces shall be instructed as to the 
na ture  of the hazard  involved, the necessary precaut ions  
to be taken,  and in the use of protect ive and emergency 
equ ipmen t  required.  

15-4 All personnel shall be instructed in the proper  use, 
main tenance ,  and  storage of all emergency,  safety, or 
personal  protective equ ipment  that  they may be required 
to use in their  normal  work per formance .  

15-5 Some approp r i a t e  form of documen ta t ion  shall be 
employed to record the type and date  of t ra in ing  pro- 
vided to each individual  involved in these processes. 

Chapter 16 Referenced Publications 

14-3 Organic  peroxides shall be stored in a cool 
segregated area,  preferably  a de tached  bui ld ing  apa r t  
from other  finishing materials .  Only m i n i m u m  daily re- 
qui rements  in proper  containers  shall be brought  to the 
processing area.  At the end of a day's opera t ions  any un- 
mixed organic peroxide shall be re turned  to the organic 
peroxide storage area.  This  mater ia l  shall not be re- 
tu rned  to the original  conta iner .  Organic  peroxides shall 
be kept away from all sources of heat  inc luding steam 
pipes, radiators ,  open flames or sparks and solar radia-  
tion. 

16-1 The  following documents  or port ions thereof  are 
referenced within this s t andard  and shall be considered 
par t  of the requirements  of this document .  The  edit ion 
indica ted  for each reference is current  as of the date  of 
the NFPA issuance of this document .  These references 
are listed separate ly  to facil i tate upda t ing  to the latest 
edi t ion by the user. 

16-1.1 NFPA Publications. National  Fire Protection 
Association, Ba t te rymarch  Park, Quincy,  MA 02269. 

14-4" Extreme care shall be 
organic  peroxides to avoid shock 
cause decomposi t ion  and violent 

exercised in handl ing  
and friction which can 
reaction.  

14-5" Organic  peroxides shall not be mixed  direct ly 
with any cobal t  compounds  or o ther  promoters  or ac- 
celerators as violent decomposi t ion or explosion may 
result.  To  minimize the possibility of such accidenta l  
mixing,  these mater ia ls  shall not be stored adjacent  to 
each other.  

14-6 Smoking shall be prohib i ted  and "No Smoking" 
signs shall be prominent ly  displayed and only nonspark-  
ing tools shall be used in any area where organic  perox- 
ides are stored, mixed or appl ied.  

14-7 Only des ignated personnel t ra ined  to use and han- 
dle organic peroxides shall be permi t ted  to use these 
mater ials .  

NFPA 10-1984, Standard for Portable Fire Extinguishers 
NFPA 12-1985, Standard on Carbon Dioxide Ex- 

tinguishing Systems 

NFPA 12A-1980, Standard on Halon 1301 Fire Extin- 
guishing Systems 

NFPA 12B-1980, Standard on Halon 1211 Fire 
Extinguishing Systems 

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

NFPA 17-1985, Standard for Dry Chemical Extinguish- 
ing Systems 

NFPA 30-1984, Flammable and Combustible Liquids 
Code 

NFPA 654-1982, Standard for the Prevention of Fire 
and Dust Explosions in the Chemical, Dye, Phar- 
maceutical and Plastics Indu,~tries 

NFPA 68-1978, Guide for Explosion Venting 
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NFPA 69-1978, Standard on Explosion Prevention 
Systems 

NFPA 70-1984, National Electrical Code 

NFPA 86-1985, Standard f o r  Ovens and Furnaces 

NFPA 91-1983, Standard f o r  the Installation o f  Blower 
and Exhaust Systems for  Dust, Stock and Vapor Removal  
or Conveying 

NFPA 321-1982, Standard on Basic Classification o f  
Flammable and Combustible Liquids 

16-1.2 O the r  Publications. 
ASME, Code for  Unfired Pressure Vessels, American So- 

ciety of Mechanical Engineers, United Engineering 
Center,  345 East 47 St., New York, NY 10017 

Appendix A 

This Appendix z) not part of the requirements of this NFPA docu- 
ment, but z~ included for information purposes only 

The  following Appendix  mater ia l  is provided to ex- 
plain basic principles and give loss experience.  

A- I  Scope and Def in i t i ons  - -  G e n e r a l .  

The  safety of life and proper ty  from fire or explosion as 
a result of spray appl icat ions  of f l ammable  and combusti-  
ble paints  and finishes varies depend ing  upon the ar- 
r angement  and opera t ion  of a par t icu la r  instal lat ion.  

The  pr incipal  hazards of spray appl ica t ion  operat ions 
or iginate  from f l ammable  or combust ib le  l iquids or 
powders and their vapors or mists and from highly com- 
bustible residues or powders.  

Properly constructed spray booths,  with adequa te  
mechanica l  venti lat ion,  may be used to discharge vapors 
or powder  to a safe location and reduce the possibility of 
an explosion. In like manner ,  the accumula t ion  of 
overspray residues, many of which are not only highly 
combust ib le  but  subject to spontaneous ignition, can be 
control led.  

The  e l iminat ion  of all sources of ignit ion in areas 
where f l ammable  or combust ib le  liquids, vapors, mists or 
combust ib le  residues are present,  together  with constant  
supervision and main tenance ,  are essential to the safe 
operat ions  of spraying.  

The  h u m a n  element  necessitates careful considerat ion 
of the locat ion of the operat ions  and the instal la t ion of 
ext inguishing equ ipment  so that  if a fire does occur,  the 
possibility of its spread to other  proper ty  will be reduced 
and the probabi l i ty  of damage  to other  proper ty  by ex- 
t inguishing agents will be minimized.  

A- l -1  Scope. 

A - l - l . 3 ( a )  Outdoor Application. This s tandard  does 
not cover the outdoor  spray appl ica t ion  to buildings,  
bridges, tanks or similar structures.  With  such occasional 
appl icat ions,  overspray deposits are not likely to create a 
hazardous  condi t ion and the space in which f l ammable  
vapor-a i r  mixtures may be present is l imited because of 
a tmospher ic  di lut ion.  

A - l - l . 3 ( b )  I n d o o r  A p p l i c a t i o n .  The  occasional  opera-  
tion of small  por tab le  spraying appa ra tus  for spraying 
bui ld ing  interiors and similar uses is such that  hazardous 
accumula t ions  of overspray deposits are not likely to oc- 
cur.  Such operat ions are not within the scope of this stan- 
dard .  

When  bui ld ing  or main tenance  spraying is considered 
outside the scope of this s t andard  by the author i ty  having 
jur isdict ion because of  the infrequency of appl icat ion,  
the following safeguards should be observed: 

(a) Adequa te  venti lat ion should be provided at all 
times when conduct ing  indoor  spraying operat ions,  par-  
t icularly in small enclosures. 

(b) Spray should not be conducted  in the vicinity of 
open flames or other  sources of ignition. 

(c) Cans or other  containers  of paints,  thinners  or 
other  protective coatings should be kept t ightly closed at 
all times when they are not required to be open to 
replenish the supply of such mater ia l  at the place of ap- 
pl icat ion.  

(d) Oily or pa in t - laden  rags or waste should be 
p rompt ly  disposed of at the end of each day's operat ions  
because of the danger  of spontaneous ignition. The  same 
fundamenta l  requirements  of cleanliness should be ob- 
served as are required in the spray appl ica t ion  of coat ing 
mater ia ls  in industr ial  processes. 

A - l - l . 4  Waterborne Coatings. F l a m m a b l e  and com- 
bustible appl ica t ion  of finishing mater ia ls  con templa ted  
by this s t andard  do not ordinar i ly  include water solutions 
nor water-emulsion liquids. Cer ta in  water-emulsion liq- 
uids, however, a l though involving little or no hazard  in 
the l iquid state, may leave highly combust ib le  residues 
upon evapora t ion  of the l iquid carr ier .  The  provisions of 
this s t andard  for minimizing the hazards of combust ib le  
residues should be followed irrespect ive of the 
characteris t ics  of the l iquid carrier .  

A-2 Location of Spray Application Operations. 
G e n e r a l .  Fires in spray areas develop rapidly  with 

large quanti t ies  of heat  and  smoke genera ted .  Therefore ,  
facilities should be located so that  there is adequa te  egress 
for opera t ing  and main tenance  personnel and  access for 
fire f ighting operat ions.  

Factories. In factories conduct ing  extensive spray ap- 
pl icat ion operat ions,  it is desirable that  the process be 
confined to a bui ld ing de tached  or separa ted  by fire walls 
from storage or other  processing bui ldings wherever prac- 
tical. 

The  adap ta t ion  of assembly lines or conveyor systems 
to spray processes may present some addi t ional  problems 
of fire hazard segregation.  If conveyor systems extend to 
or from a de tached  building,  a spr inklered noncombust i-  
ble connect ing passageway may be advisable.  If conveyor 
systems go through floors, the floor openings should be 
sur rounded  by deep draf t  curtains  on the ceiling benea th  
and may be provided with au tomat ica l ly  control led high 
velocity spray nozzles a r ranged  to set up a counter  draft .  
If conveyor systems pierce fire walls, it is difficult  to ar- 
range au tomat ic  fire doors to protect  the openings in a 
pract ical  and rel iable manner .  In some instances, such 
openings have been provided with noncombust ib le  tun- 
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nels ex tending  on each side of fire wall with tunnels pro- 
tected by specially designed au tomat ic  spray or sprinkler  
systems. 

Rooms conta in ing spray appl ica t ion  operat ions  should 
preferably  be separa ted  from other  occupancies  by tight- 
fi t t ing part i t ions.  In spr inklered buildings,  rooms of ex- 
tensive area having spray finishing operat ions should be 
provided with noncombust ib le  draf t  curtains,  extending 
downward  from ceilings as far as pract ical  but not less 
than 18 in. (46 cm). Such curtains  aid in prevent ing the 
opening  of sprinklers outside the area enclosed by cur 
tains and tend to confine the discharge of water to the im- 
media te  area of the fire. 

Where  spray appl ica t ion  operat ions are located on up- 
per  floors of buildings,  they should not be located im- 
mediate ly  over high concentra t ions  of damageab l e  goods 
and positive provisions should be made  for the water- 
proofing and dra inage  of the floor of the spray area.  

Wa te rp roo f  floors shall be a r ranged  to dra in  to the 
outside of bui lding,  internal  drains or other suitable 
place.  Properly designed and gua rded  drains  or scuppers 
of sufficient number  and size to dispose of all surplus 
water  likely to be discharged by au tomat ic  sprinklers over 
the waterproof  area should be provided.  

Spray appl ica t ion  operat ions  involving f l ammable  or 
combust ib le  liquids should not be located in any base- 
ment  area.  

A-3 Spray Booths and Spray Rooms - -  General. 
Spray booths may be of a wide variety of shapes and sizes 
to accommoda te  the various industr ial  appl icat ions  of 
spray finishing. Wi thou t  the use of a spray booth,  the 
spray area as defined in Chapter  1 may be of considerable  
magn i tude  with all of the requirements  of this s t andard  
for a spray area appl icab le  thereto. It is impor tan t  that  
only equ ipment  suitable for specific purposes be utilized 
in connect ion with the handl ing and appl ica t ion  of flam- 
mab le  or combust ib le  liquids, or powders. 

A-4 Electrical and Other Sources of Ignition. 
A-4-1 Except ions .  h will be observed that  because of 
the requirements  of special safeguards,  electrostat ic  ap 
para tus ,  drying, cur ing or fusion appara tus  and 
au tomobi le  undercoa t ing  spray operat ions  in garages are 
covered in separa te  chapters .  

A-4-2 Sources of Ignition Other than Electrical. h is 
obvious that  there should be no open flames or spark- 
p roduc ing  equ ipment  in any area where, because of in- 
adequa te  venti lat ion,  explosive vapor-a i r  mixtures or 
mists are present.  It is equally obvious that  no open 
flames or spark-produc ing  equ ipment  should be so 
located that  there will be deposi ted on them highly com- 
bustible spray residues. Because some residues may be ig- 
ni ted at very low temperatures ,  addi t ional  considerat ion 
must be given to opera t ing  tempera tures  of equ ipment  
subject  to residue deposits. Many deposits may be ignited 
at t empera tures  produced  by low pressure steam pipes or 
by incadescent  light globes, even those of explos ionproof  
type. 

A-4-5 Electrical Equipment in Spray Areas Subject to 
Residue Accumulations. From Section 4-5, it will be 

noted,  that in general ,  electrical  equ ipment  is not per- 
mi t ted  inside any spray booth,  in the exhaust  duct  from a 
spray booth, in the en t ra ined  air of an exhaust  system 
from a spraying opera t ion  nor in the direct  pa th  of spray, 
unless such equ ipment  is specifically listed for both readi- 
ly ignit ible deposits and f l ammable  vapor.  

A-4-6 Electrical Equipment in Spray Areas Not Sub- 
ject to Residue Accumulation. The  de te rmina t ion  of 
the extent  of hazardous areas involved in spray a p p l i c a  
tion requires an unders tand ing  of the dual  hazards of 
f l ammable  vapors, mists or powders and highly combusti-  
ble deposits appl ied  to each individual  instal lat ion.  

From Section 4-6, it will be noted that  when electrical  
equ ipment  is installed in locations not subject to deposits 
of combust ib le  residues but,  due to inadequa te  ventila- 
tion, is subject to explosive concentra t ions  of f l ammable  
vapors or mists, only approved explosionproof,  or other  
type approved  for Class I, Division 1 locations, equip- 
ment  is permi t ted .  

A-4-7 Electrical Equipment Adjacent to Spray Areas. 
When  spray areas conta in ing  dangerous  quanti t ies  of 
f l ammable  or combust ib le  vapors, mists, residues, dusts 
or deposits under  normal  opera t ion  have been deter- 
mined,  the adjacent  unpar t i t ioned  areas, which are safe 
under  normal  opera t ing  condit ions,  but  which may 
become dangerous  due to accident  or careless operat ion,  
should be given considerat ion.  Equipment  known to pro- 
duce sparks or flames under  normal  opera t ing  condit ions 
should not lye instal led in these adjacent  unpar t i t ioned  
areas. 

When  spraying operat ions  are confined to adequate ly  
venti lated spray booths or rooms, there should be no dan- 
gerous concentra t ions  of  f l ammable  vapors,  mists, or 
dusts, nor deposits of combust ib le  residues outside of the 
spray booth under  normal  opera t ing  condit ions.  

In the interest of safety, however, it will be noted that  
unless separa ted  by part i t ions,  the area  within certain 
distances of the hazardous spray area,  depend ing  upon 
the a r rangement ,  is considered Division 2; that  is, it 
should contain  no equ ipment  which produces  sparks 
under  normal  opera t ion .  Fur thermore ,  within this 
distance, electric lamps must be enclosed to prevent hot 
part icles fall ing on freshly pa in ted  stock or other  readily 
ignit ible mater ia l  and,  if subject to mechanica l  injury, 
must be properly guarded .  

A-4-8 F ixed  L i g h t i n g .  Even though it is con templa ted  
that  areas adjacent  to spray booths (par t icular ly  where 
coat ing mater ia l  stocks are located) will be provided with 
venti lat ion sufficient to prevent the presence of flam- 
mable  vapors or deposits, it is nevertheless advisable that  
electric lamps be totally enclosed to prevent the fall ing of 
hot part icles in any area where there may be freshly 
pa in ted  stock, accidental ly  spilled f l ammable  or com- 
bustible mater ia ls  or readily ignit ible refuse, or flam- 
mable  or combust ib le  l iquid containers  accidental ly  left 
o p e n .  

Where  electric lamps are in areas subject  to at- 
mospheres of f l ammable  vapor,  l amp  globes should be re- 
placed when electricity is off, otherwise there may be a 
spark from this source. 
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A-4-9 P o r t a b l e  L i g h t i n g .  Suff ic ient  l igh t ing  for 
coa t ing  operat ions,  booth cleaning and  booth  repair  
work should be provided at the t ime the equ ipment  is in- 
stal led in order  to avoid the use of " temporary"  or "emer- 
gency" lamps connected to ord inary  extension cords in 
this area.  A satisfactory and pract ical  me thod  of l ighting 
is the use of ¼- in .  (0.6-cm) thick wired or t empered  glass 
panels in the top or sides of spray booths with electrical 
l ight fixtures outside the booth, hence not in the direct  
pa th  of the spray. 

A-4-9.1 Stat ic  Charges .  In order  to prevent  sparks 
from the accumula t ion  of static electricity, all electrically 
conduct ive objects inc luding metal  parts of spray booths, 
exhaust  ducts, p ip ing  systems conveying f l ammable  or 
combust ib le  liquids, paint ,  or solvent tanks or canisters 
should be proper ly  electrically grounded .  

A-4-9.2 Stat ic  Charges  on Airless Systems. "Airless" 
spray pa in t ing  employing  high fluid pressures can pro- 
duce static electricity which may cause a spark.  
Therefore ,  the airless spray gun and any conduct ive ob- 
ject  being sprayed,  inc luding containers  into which the 
flow from the gun is directed,  should be proper ly  elec- 
trically g rounded .  This can be done by ei ther  using a hose 
that  contains an electr ical  conductor ,  or a t tach ing  a 
proper ly  g rounded  static wire to the spray gun and elec- 
trically g round ing  the object  being sprayed.  

A-5 V e n t i l a t i o n  - -  G e n e r a l .  Adequa te  mechanica l  
venti lat ion,  together  with vapors or mists of f l ammable  or 
combust ib le  mater ia ls  should not be underes t imated ,  nor 
should they be viewed with such concern as to assume 
they cannot  be control led by proper  engineering.  

A-5-2.1 L i q u i d  Coa t i ng  Systems - -  G e n e r a l ,  L F L  
D e t e r m i n a t i o n .  Paints, varnishes, lacquers and other  
coat ing mater ia ls  may contain  volati le f l ammable  
solvents: in addi t ion,  such solvents may be added  as 
"thinners." Such solvents, when exposed to the at- 
mosphere,  give off vapors which mix with the surround-  
ing air  and,  if the concentra t ion  of these vapors reaches 
as much as approx imate ly  one percent ,  an explosion may 
occur, if at the same t ime a spark or other  source of igni- 
tion is present.  

Spray appl icat ions  using only combust ib le  liquids with 
relatively high flash points, a l though less likely to pro- 
duce f l ammable  atmospheres  than those using low flash 
point  f l ammable  liquids, may nevertheless result in mists 
which are capable  of p ropaga t ing  a f lame somewhat simi- 
lar to combust ib le  solids in dust  explosions. 

Theore t ica l  considerat ions may assist in hazard  evalua- 
tion in some instances. For example ,  1 l iquid gal (3.8 L) 
of the average f l ammable  solvent will occupy approxi-  
mately 23 cu ft (0.6 m 3) when evapora ted  into vapor  at 
average room tempera ture .  Therefore ,  if 1 gal (3.8 L) of 
l iquid solvent is completely evapora ted  and thoroughly 
mixed with the sur rounding  air of  an enclosure,  the 
enclosure must have a volume of more than 2,300 cu ft 
(65 m 3) to avoid a f l ammable  mixture  if the lower limit of 
the f l ammable  range of the solvent is one percent  in air. 
This is a conservative number ;  almost all of the solvents 
used in spray finishing have an LFL higher  than one per- 
cent.  In a t t empt ing  to use such theoret ical  considerat ions 

caut ion should be exercised to prevent erroneous conclu- 
sions. When  f l ammable  l iquids are sprayed,  the area  in 
the direct  pa th  of the spray will exceed the LFL.  Vapors  
from most f l ammable  solvents are heavier than  air and 
small quanti t ies  of vapor  may form a f l ammable  mixture  
at low unvent i la ted spaces in the vicinity of  or even 
remote  from the point  of evapora t ion  before they so mix 
with the full volume of avai lable  air  by na tu ra l  diffusion 
that  the mixture  becomes too "lean" to burn.  W h e n  flam- 
mable  l iquid is sprayed,  the rate of evapora t ion  is great ly 
increased so that  the lower f l ammab le  l imit  is quickly 
reached.  For these reasons, a safety factor  of 4 to 1 has 
been t radi t ional ly  used and the vent i la t ion requi rement  
rounded  off to 10,000 c u f t  per  gal (74.5 m V L )  
evapora ted  at m a x i m u m  flow rate  of the spray gun. 

Adequa te  mechanica l  venti lat ion th roughout  all areas 
where f l ammable  vapors or mists may  be present  is essen- 
tial to prevent  the format ion  of f l ammab le  mixtures.  The  
volume of air  movement  necessary will obviously vary 
with the a r rangement  of spraying operat ions,  the amount  
of spray mater ia l  used in a given length of t ime and the 
rate of evapora t ion  of the pa r t i cu la r  solvent. 

A-5-2.1(a) Spray  Booths.  In addi t ion  to ma in t a in ing  
the enclosure below the LFL,  it is also necessary to con- 
fine overspray. 

When  spray booths are provided with adequa te  ven- 
t i lat ion,  booths may  be so located with respect to the 
source of their  makeup  air  replenishment  that  air in the 
ent ire  space about  the booth  moves toward spray booth  
exhausts and  "dead  air pockets" are minimized.  This may 
e l iminate  the need for mechanica l  vent i la t ion in areas ad- 
jacent  to the booth.  Wi th  modera te ly  uni form air  move- 
ment  th roughout  the space about  a spray booth,  an air  
change of once every 3 to 5 minutes  should be sufficient 
to prevent the fo rmat ion  in this area  of f l ammab le  vapors 
under  ord inary  condit ions.  

Where  spraying is conducted  inside a spray booth  using 
convent ional  spray equipment ,  an average air velocity of 
approx imate ly  100 l inear  ft per  minute  (30.5 m / r a i n )  
should conta in  overspray. Under  these condit ions the 
vent i la t ing fan capaci ty  in cu ft per  minute  (mVmin )  
must then be 100 ft per  minute  (30.5 m / m i n )  times the 
total area of booth openings,  such as frontal  area,  con- 
veyor openings,  etc. ,  in sq ft (m2). Where  spraying opera-  
tions are extensive or where special purpose spray booths 
such as canopy or down-draf t  spray booths are used, ad- 
di t ional  venti lat ion may be necessary. 

A lower rate of exhaust  venti lat ion may be employed in 
electrostat ic spraying and other  efficient coat ing methods  
which p roduce  low volumes of overspray and solvent 
vapors. Generally,  a rate  of exhaust  of approx imate ly  60 
l inear  ft per  minute  (18.3 m / m i n )  will ma in ta in  the 
a tmosphere  well below the explosive limits in these opera-  
tions because the volume of coat ing mater ia l  being ap- 
pl ied is normal ly  less than  in other  types of spraying,  
result ing in a lower volume of solvent vapors released and 
overspray created.  

A-5-2.1(b) Spray  Rooms and O p e n  Spray ing .  

Spray rooms should be provided with exhaust  system 
openings near  floor level since most solvent vapors are 
heavier than air. System design should provide uni form 
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air movement  to sweep vapors to exhaust  openings.  While  
10,000 cu ft of air  per  gal (74.5 m3/L)  of solvent 
evapora ted  is adequa te  to ma in ta in  solvent vapor  below 
the LFL, addi t ional  venti lat ion may be necessary due to 
the grea ter  toxicity of some solvents. The  author i ty  
having jur isdic t ion should be consulted.  

Noncombus t ib le  false ceilings or par t i t ions  may be 
used to improve venti lat ion of spray rooms. False ceilings 
or par t i t ions  extending  to the boundar ies  of the hazard-  
ous area will permi t  the instal la t ion of nonsparking  elec- 
tr ical  equ ipment  above the ceilings, subject to the 
author i ty  having jur isdict ion.  

Open  Spray ing .  Where  large objects such as railway 
cars are being sprayed,  it is f requently necessary to pro- 
vide mul t ip le  air inlets and exhaust  in the proximi ty  of all 
port ions of the object,  s imultaneously p roduc ing  a ra ther  
high air velocity at all points where spray may be appl ied.  
In many  cases this has been accompl ished by strategical ly 
locat ing air makeup  ducts overhead and exhaust ing air at 
the floor level below the appl ica t ion  point .  

A-5-4 M a k e u p  Ai r .  Since the air  exhausted from spray 
appl ica t ions  is normal ly  con tamina t ed  and can only be 
reci rcula ted under  r igidly contro l led  condit ions,  con- 
s iderat ion should be given to the heat ing of incoming air 
in cold weather.  An efficient and  satisfactory method  of 
heat ing rooms conta in ing  several spray booths is to 
s trategical ly locate air  intakes so as to provide a uniform 
sweep of air  th roughout  the ent ire  room towards exhaust  
fans and provide each air intake with a safe heat ing ar- 
rangement .  

In some heat ing a r rangements ,  forced makeup  or 
rep lacement  air directly compensa t ing  for the con- 
t amina t ed  air exhausted from spray appl ica t ion  is used in 
place of, or to augment ,  general  area hea t ing  and ven- 
t i lat ion.  

Wi th  the many variables which may be encountered  in 
heat ing and vent i la t ing systems, it is general ly advisable 
to engage the services of a qual i f ied vent i la t ing engineer  
to ob ta in  a safe and efficient instal lat ion.  

The  features which should be considered include (a) 
the locat ion of heat  sources to conform to Chap te r  4: (b) 
the locat ion of air intakes to prevent  rec i rcula t ing con- 
t amina t ed  air and the equ ipp ing  of air  intakes with ap- 
p ropr ia te  screens or filters; (c) au tomat ic  t empera tu re  
and  propor t ion ing  controls, inc luding an independen t  
excess t empera tu re  l imit  control:  (d) an inter locking 
safety system associated with the heater  to au tomat ica l ly  
provide for its safe ignit ion and to minimize the hazards 
which might  result from fai lure of p roper  cycle of opera-  
tions, proper  pressure of fuel supply, venti lat ion and elec- 
tr ical  power; (e) an inter locking of the spray booth ex- 
haust and air rep lacement  system to ensure that  spray 
booth exhaust  will be runn ing  dur ing  the opera t ion  of air 
rep lacement  system in order  to provide a proper  ba lance  
of supply and rep lacement  air; and  (f) in the case of 
di rect- f i red units, the avoidance of concentra t ions  of un- 
burned  fuel or products  of combust ion that  would be in- 
jur ious to personnel if inhaled.  

A-5-8 Exhaus t  Systems. Exhaust  systems should be in- 
dividually ducted to the outside. Where  t rea tment  of ex- 
haust is necessary to satisfy EPA requi rements  or where 

energy conservation measures are used, this may not be 
pract ica l .  Manifold ing booth exhaust  systems increases 
the fire hazard.  A fire s tar t ing in one booth may spread 
through the exhaust  system and involve other  booths. 
Heat  exchangers  are sometimes used to preheat  the ex- 
haust before it enters the incinerator .  This may result in 
spontaneous ignit ion of residue accumula t ions  on heat  
exchanger  surfaces. 

A-5-16 Additional Ventilation. If there are other  
operat ions  which give off f l ammable  vapors in the vicinity 
of a spray appl ica t ion  opera t ion ,  these should be pro- 
vided with independen t  mechanica l  venti lat ion.  

A-7 P ro tec t ion  - -  G e n e r a l .  As indica ted  in Chap te r  6 
of the s tandard ,  it is inadvisable  to keep large quanti t ies  
of f l ammable  or combust ib le  l iquids in areas which ex- 
pose personnel or impor t an t  proper ty  to injury or loss. 
The  p r imary  reason for this requ i rement  is that  fires in 
f l ammab le  l iquids are difficult  to extinguish by usual 
methods  and if large quanti t ies  are involved, they may 
spread the fire by flowing over large areas. 

For fires in small amounts  of f l ammab le  or combusti-  
ble liquids, hand  extinguishers,  or large extinguishers on 
wheels, especially designed for such fires are effective. If 
large quanti t ies  of l iquids are to be protected,  sui table 
au tomat ic  equ ipmen t  should be provided and special at- 
tent ion should be given to proper  dikes, curbs and drains  
to prevent the flow to other  proper ty .  

For the ext inguishment  of fire in spray residues, hand 
fire extinguishers sui table for fire in ord inary  com- 
bustibles or hose streams are effective. 

A-7-2 Automatic Sprinkler Protection. Spray ap- 
pl icat ion operat ions  should only be located in bui ldings 
complete ly  pro tec ted  by an approved  system of au tomat ic  
sprinklers.  If located in unspr inklered  buildings,  sprin- 
klers should be instal led to protect  spray coat ing processes 
where pract ical .  Because of the rap id  intensity of fires 
which may result from spray operat ions ,  the avai lable 
water  should be ample  to supply s imultaneously all sprin- 
kler heads likely to open in one fire without deple t ing  the 
avai lable water for use with hose streams. Noncombust i -  
ble draf t  curtains  may be used to limit the number  of 
sprinklers which may open in one fire. 

Even when areas adjacent  to coat ing opera t ions  are 
considered under  reasonably positive fire control  by ade- 
quate  au tomat ic  sprinkler  protect ion,  large damage  is 
possible if operat ions  are conducted  on floors above those 
conta in ing  contents highly susceptible to water damage .  
The  waterproof ing  and dra inage  of spray room floors 
may assist in reducing water damage  on floors below. The  
proper  dra inage  of the large volume of water frequently 
necessary to extinguish spray finishing room fires often 
presents considerable  difficulty. 

A-7-4 Spray Booths and Spray Rooms.  Automat ic  
sprinklers in spray areas, inc luding the interior  of spray 
booths and exhaust  ducts,  should be on a wet pipe, preac- 
tion or deluge system in order  that  water  may be placed 
on a fire in the shortest possible t ime. Automat ic  sprin- 
klers in spray booths and exhaust  ducts should be of the 
lowest pract ical  t empera tu re  rat ing.  Sprinklers outside 
the booth at ceil ing level should be high t empera tu re  
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rated, 286°F (141 °C). The delay in application of water 
with ordinary dry pipe sprinklers may permit a fire to 
spread so rapidly that final extinguishment is difficult 
without large resulting damage. 

The location of the sprinkler heads inside spray booths 
should be selected with care in order to avoid heads being 
placed in the direct path of spray and yet afford protec- 
tion for the entire booth interior. When in the direct path 
of spray even one day's operation may result in deposits 
on the sprinkler head which insulate the fusible link or 
choke open head orifices to the extent that sprinklers can- 
not operate efficiently. 

Automat ic  sprinklers should be located so that areas 
subject to substantial accumulations of overspray residue 
are protected. Generally, sprinklers are located no more 
than 4 ft (1.2 m) from side walls of booths and rooms and 
from dry overspray collectors (where applicable). Sprin- 
klers in booths or rooms should be on extra hazard occu- 
pancy spacing of 90 sq ft (8.4 m2). 

Sprinklers or sprinkler systems protecting stacks or 
ducts should be automatic and of a type not subject to 
freezing. Dry pendent sprinklers are often used inside 
buildings near exhaust duct penetrations to the outside. 
Nonfreeze or dry type sprinkler systems are often used for 
ducts outside buildings. Sprinklers should be spaced no 
more than 12 ft (3.7 m) apart  in the duct for adequate 
protection. 

All sprinklers in spray areas should be controlled by an 
accessible control valve, preferably an OS & Y valve. 

A-7-8 Automatic  Powder Spray Booths. During the 
first few seconds in the development of a fire in a dry 
powder spray booth the following observations may be 
made: 

Airborne powder in the spray plumes of the gun(s) 
burns vigorously so long as the gun feeder(s) continues to 
supply fuel. Flames from about 2 to 6 ft (0.6 to 1.8 m) in 
length may extend from the guns but do not intrude into 
the gun interiors. 

These flames do not extend into the exhaust ductwork 
if adequate airflow has been provided to maintain max- 
imum powder concentrat ion in the exhaust stream below 
the Minimum Explosive Concentrat ion (MEC). 

These flames are extinguished almost instantly if their 
supply of airborne fuel is interrupted by shutting down 
the gun feeders. 

Deposits of oversprayed powder which have ac- 
cumulated on spray enclosure interior surfaces are not 
readily ignited, even by direct exposure to flames for a 
few seconds. 

If  a fire in a powder spray booth has been sustained for 
an appreciable period of time (10- to 60-second delays 
have been observed), a propagat ion sequence involving 
the following steps may be recognized: 

Heat  exposure effects of  the fire, acting upon the 
deposits of overspray powder which have accumulated on 
the interior surfaces of the spray enclosure, will modify a 
layer on the surface of the deposits to form an extremely 
fragile, tissue-thin structure of powder grains that have 
been softened only enough to adhere to adjacent grains 
but not enough to flow together and form a film. This is 
called a sintered structure. 

In response to the effects of vibration and rapidly fluc- 
tuating temperature (flickering of flames, etc.) this str~c- 
ture will break into a "mud-cracked" pat tern and 
individual platelets in some regions will curl up, present- 
ing their edges to the fire-involved atmosphere. Exposure 
to this environment 's heat and turbulence will char and 
dislodge platelets to form airborne glowing embers com- 
parable to those formed by burning piles of au tumn 
leaves. 

These embers, if drawn through exhaust ductwork to 
the powder collector, may ignite it, resulting in explo- 
sion. 

If this sequence is interrupted within the first seconds 
of a fire's history, then ember formation and propagat ion 
by this mechanism can be stopped. The requirements of 
Section 7-8 are directed toward this result. 

A-8 Operations and Maintenance.  
General.  It should be kept in mind that (1) vapors 

and mists from volatile f lammable or combustible liquids 
form explosive mixtures with air; (2) deposits of residue 
may ignite spontaneously or be ignited by temperatures 
of low-pressure steam pipes; and (3) fires involving flam- 
mable or combustible liquids or combustible residues 
start easily, spread rapidly and produce intense heat. 
With a realization of these fundamenta l  facts, it is ob- 
vious that the safety objectives sought by the best de- 
signed equipment  may be nullified by unintentional,  or 
careless misuse or improper maintenance of the equip- 
ment. 

The inherent characteristics of the materials used in 
spraying processes emphasize the fact that  supervision of 
operations, maintenance of equipment,  and daily clean- 
ing are essential to reasonable safety. Properly designed 
equipment  can do much to lessen, but cannot eliminate, 
this necessity. 

Self-Inspection.  Periodic inspections by a competent  
and reliable individual should be made  to determine that 
all sprinkler control valves are open, fire extinguishers are 
properly charged and in place, electric motors and fan 
bearings are not overheating, fan blades are in align- 
ment,  electric wiring is properly fused, guards and globes 
on electric fixtures are in place, cleanliness is being main- 
tained, and all operat ing instructions observed. 

A-8-1 Control  of Spray Residue.  When  spray finish- 
ing any article, there is frequently a part  of the spray that 
does not deposit directly on the article, but  deposits on 
adjacent surfaces as residue material. This part  is re- 
ferred to as overspray. Many of these residues are highly 
combustible, igniting at very low temperatures, and 
many will ignite spontaneously, resulting in fast 
spreading fires. To  limit the duration and intensity of 
fires, the accumulat ion of deposits must be prevented and 
controlled as much as practical. Management  should 
prohibit spraying processes in locations not designed for 
the purpose, irrespective of the pressure of production. 

A-8-3 Cleaning.  The interior of spray booths, exhaust 
fan blades and exhaust ducts should be regularly cleaned 
to avoid the accumulat ion of residues. Either spray 
operators should be allowed ample time for this cleaning, 
or a special maintenance crew should be provided for 
cleaning at the close of each day's operation. If  equip- 
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ment  is so designed that ,  dur ing  c leanup,  hose streams or 
fixed water  nozzles may be used in ducts and  booths 
without  water damage  to bui ld ing  and contents,  c leaning 
operat ions  are great ly faci l i tated.  Many plants  have 
found that  by coat ing the inter ior  of spray booths with a 
sui table soaplike or water  soluble mater ia l  immedia te ly  
after  cleaning, adhesive spray deposits may be removed 
the following day with the use of water  streams. Other  
mater ials ,  such as plastics which can be readily peeled off 
the inter ior  of the spray booth,  may also be used to 
faci l i tate  c leaning of the overspray residue. 

Properly ma in ta ined  water  wash booths offer lower fire 
loading  than  dry booths. In order  to ma in ta in  this advan- 
tage, it is necessary to per form regular  and scheduled 
main tenance .  This  main tenance  schedule should be 
recorded and the records filed. When  the nozzles, jets or 
orifices, e l imina tor  packs and s t rainer  screens become 
fouled with accumula ted  sludge or overspray, combusti-  
ble residues will be deposi ted on the interior  of the ex- 
haust duct  work and fan blades.  The  nozzles, jets, orifices 
and e l imina tor  packs should be inspected each work shift. 
St ra iner  screens should be removed and cleaned each 
work shift. 

The  booth interior,  exhaust  stack and fan blades  
should be checked per iodical ly  and accumula t ions  of 
overspray and dir t  should be removed as required.  Ex- 
haust ducts or stacks should not be entered for c leaning 
or repairs unless they are free from f l ammable  vapors and 
have been thoroughly wet down. The  pH of the water in 
the tank should be checked at least once each shift and 
chemicals  added  to keep the paint  in the water  tank 
neutral ized.  Sludge should be removed from the tank at 
least once each shift. 

A-8-5 Spon taneous  I g n i t i o n .  Many residue scrapings,  
used filters or filter rolls, and spray booth  refuse are 
highly susceptible to spontaneous ignition, hence they 
should be carr ied  to a safe, wel l -detached locat ion and 
proper ly  disposed of daily. The  use of water  wash spray 
booths reduces the possibility of spontaneous  ignition. 
Nitrocellulose residues should not be bu rned  in boilers as 
the gases of decomposi t ion may cause an explosion. 

A-8-6 Disposal .  Many fires have or ig ina ted  from the 
spontaneous  ignit ion of fabric and  waste impregna ted  
with coat ing materials .  When  sprayed articles are rubbed  
with rags or waste, all unclean rags and waste should be 
immedia te ly  placed in approved waste cans and removed 
from the premises at least daily at the close of each shift. 
When  employees change clothes in p lant  premises, soiled 
c lothing should be kept in metal  lockers provided in a 
segregated dressing room. 

A-8-9 Bleaching compounds ,  such as hydrogen perox- 
ide, hypochlori tes,  perchlorates ,  or other  oxidizing com- 
pounds,  when in contact  with organic finishing materials ,  
may cause fires. Hence, if b leaching compounds  are to be 
used in spray booths, these booths should be first 
thoroughly cleaned and used only for this purpose.  The  
a l ternate  use of spray booths for bleaching compounds  
and other  finishing materials ,  or the a l te rna te  use of lac- 
quers conta in ing  nitrocellulose and other  types of 
finishing mater ia ls  conta in ing  drying oils, such as var- 
nishes, oi l -based stains, a i r -drying enamels,  primers,  etc.,  

without first thoroughly removing all traces of deposits, 
may result in a spontaneous ignit ion fire. 

A-8-10 Stricter envi ronmenta l  regulat ion has given rise 
to the increased use of ch lor ina ted  solvents such as 
1 ,1 ,1- t r ichloroethane and methylene chloride.  These 
solvents are not photochemical ly  reactive and therefore 
they may be useful in helping to meet s tandards  regard-  
ing volatile organic compound  emissions. 

However, these solvents have a wel l -documented  
cha rac t e r i s t i c  of be ing  chemica l ly  react ive  with 
a luminum.  The  react ion that  occurs is unpred ic tab le  
both in terms of when it will occur and to what  degree it 
will proceed.  In most si tuations there is no apparen t  reac- 
tion. Other  si tuations have noted effects ranging  from 
simple corrosion to ca tas t rophic  explosion-l ike failure ac- 
compan ied  by considerable  shrapnel  and a fireball .  

Unders tand ing  and control  of the subsequent  hazard  
are prevented because of this unpredic tabi l i ty .  Whi le  
there is some unders tand ing  of the actual  reaction,  the 
following factors, act ing as independen t  variables,  have 
been found to have an effect on the ini t ia t ion and rate of 
reaction.  Those factors are: heat,  pressure, ratio of 
a luminum surface area to volume of solvent, presence of 
moisture  (condensat ion),  a luminum alloy content ,  metal  
content  of the coating,  and the in t roduct ion  of other  
solvents or materials .  Therefore ,  the only assuredly safe 
condi t ion is to keep these mater ia ls  separate.  

It is impor tan t  to realize that  a luminum has been used 
as a p r imary  mater ia l  for spray equ ipmen t  construct ion 
over many years. Incorpora t ing  these solvents into ex- 
isting spray systems cannot  be done safely without first 
de te rmin ing  the construct ion mater ia l  of the equipment ,  
and then replac ing those components  where contact  with 
a luminum and ch lor ina ted  solvent will occur within a 
pressurizable device (e.g.,  pumps,  heaters, piping,  fluid 
valves, spray gun cups). 

A-8-12 R e p a i r i n g .  If repairs  or changes are to be 
made  to equ ipment ,  care should be taken to see that  all 
residue deposits are removed and the area kept wet down 
with water beforehand in order  to avoid a fire. During 
such repairs,  no spraying should be conducted ,  all f lam- 
mab le  and combust ib le  liquids and por tab le  combust ib le  
mater ia l  should be removed from the vicinity and 
suitable fire extinguishers kept readily available.  

The  use of welding or cut t ing torches should be pro- 
hibi ted except under  the supervision of a competen t  per- 
son famil iar  with the fire hazards involved. 

A-13 Powder Coating. 
A-13-5 Ven t i l a t i on .  The  probabi l i ty  that  a fire which 
has ignited in a spray booth will p ropaga te  through the 
exhaust  system to the powder  collector can be minimized 
if the concent ra t ion  of a i rborne  fuel (powder)  in the ex- 
haust ductwork is ma in ta ined  below the Min imum Ex- 
plosible Concent ra t ion  (MEC). Several years of industr ial  
experience have shown that  the pract ice  of l imit ing 
powder  concent ra t ion  to a m a x i m u m  of 50 percent  MEC 
provides an adequa te  marg in  of safety. 

Measurement  of a i rborne  dust concent ra t ion  in the 
field does, however, present some problems.  Several air 
sampl ing  techniques incorpora t ing  the collection of dust 
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with impactors, filters, or impingers do produce valid 
results but involve substantial delay (for laboratory pro- 
cessing) between the time of sampling and the time a 
result is available. No instrument that will provide an on- 
the-spot determination is in widespread use. 

Limitation of powder concentration in exhaust duct- 
work is, therefore, most commonly accomplished through 
engineering control of the individual capacity of each 
system component  to assure that under "worst case" con- 
ditions (maximum rated delivery of all guns going into 
the exhaust with no allowance for collection of powder on 
work pieces), a powder-in-air concentration of more than 
50 percent MEC cannot be reached. 

Calculat ion  of  Worst  Case Powder- in -Air  Concentra-  
t ion as Percent  of MEC 

Before proceeding with this calculation, it is essential 
as a first step to establish the value of each term to be 
used in the calculation. Each of these terms is discussed 
individually below. 

MEC. Specifications usually available from the man- 
ufacturers of coating powders may be used to establish 
the MEC. If that specification is not available (or if the 
system is projected for use with a variety of coating 
powders), a figure of 30 oz per 1,000 cu ft (30 g / m  s) may 
be used. This is considered representative of the lowest 
MEC to be found among common coating powders (see 
Table 2). 

Procedure  for D e t e r m i n a t i o n  of M a x i m u m  Powder  
Concentrat ion  in Exhaust  Air  Stream of Apparatus  
H a v i n g  Separate Collectors Connected  to a Spray 
Booth  by D u c t w o r k  
Step 1: Recheck to be sure the following terms have been expressed in 
the units shown (See Table 1.) 

Table 1 

English Units Metric Units 

MEC Ounces per 1,000 Cubic Feet Grams per Cubic Meter 
(oz/M ft. 3) (g/m 3) 

AIR FLOW Cubic Feet per Minute Cubic Meters per Hour 
(cfm) (m3/hr) 

NIAXIMUM Ounces per Minute Grams per Hour 
DELIVERY (oz/min) (g/hr)  

N O T F :  When  proceeding with calculations, do not mix units 
f rom one system to the other.  Stay in one system only. 

Step 2: Divide M a x i m u m  Delivery by Air Flow. 

Max i m um  Delivery 
Air Flow = M a x imum Concentra t ion 

Step 3: Divide Max i mum Concentra t ion by MEC and then multiply by 
100 to express M a x i m u m  Concentra t ion as a percent  of MEC. 

Max i m um Concentra t ion 
MEC × 100 = % MEC 

NOTE:  This l imitation of concentra t ion is not intended for ap 
plication to appara tus  segments other  than ductwork,  such as 
the interior of the spray booth or to the flow through pneumat ic  
t ransfer  hoses and tubes. 

If the final result of this calculation indicates that a 
worst case concentration of less than 50 percent MEC is to 
be expected, then the system may be considered to have 
adequate ventilation. 

Table 2 Tes t  Data on Powders Tested by a Nationally Recognized 
Testing Laboratory. 

Sample 
Type No. 

Epoxy 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

Polyester 1 
2* 

Polyolefin 1 
2 

English Units Metric Units 

MEC Auto lgn. 
oz/1000 cu ~ Temp. (°F) 

45 
65 
39 
52 
46 925 
70 970 
97 998 
91 1002 
78 993 
78 1024 

65 795 
71 790 

32 
32 960 

MEC Auto Ign. 
gms/cu m Temp. (°C) 

45 
65 
39 
52 
46 496 
70 521 
97 537 
91 539 
78 534 
78 551 

65 424 
71 439 

32 
32 516 

*Same as Sample  1 but with metall ic componen t  in pigment .  

M a x i m u m  Powder  Delivery.  Specifications of the 
spray application equipment  manufac turer  may be used 
to establish maximum delivery rate of the equipment  in- 
stalled. Alternatively, the maximum delivery rate may be 
determined experimentally by adjusting each gun to its 
maximum output  condition and operat ing it for a stated 
period of time (for example, 5 minutes). During this 
time, the amount  of powder passing through the gun may 
be determined by measuring the weight loss of  the 
powder feed apparatus or by collecting the powder actu- 
ally flowing through the gun in a large filter bag and 
weighing weight gain of that bag. Delivery rate measured 
should be expressed in ounces per minute or in gram per 
hour. 

Exhaust  Airf low.  Airflow through the exhaust 
system may be established from equipment  specifications. 
Alternatively, it may be established by measurement of 
average air velocity through all spray booth openings 
(using valid traverse techniques) and subsequent 
multiplication of that velocity by the total booth opening 
area. Total airflow should be expressed in terms of cubic 
feet per minute or cubic meters per hour. 

Measurement of airflow through ductwork is usually 
not recommended because the ductwork geometry does 
not lend itself to application of simple procedures. 
Reliable determinations of flow through these ducts can 
be made only through application of complicated, 
precise procedures by highly trained technicians. 

A-14 Organic  Peroxides  - General .  The organic 
peroxides are a group of chemicals  in the high hazard 
class which have become increasingly useful as chain 
reaction initiators or catalysts in the manufacture of 
plastics and other materials.  These  chemicals  which were 
formerly consumed by chemical  process industries in 
l imited quantities are now being stored in greater volume 
and processed in more  dangerous concentrations in a 
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wider variety of industries. A number of fires and explo- 
sions have been attributed to these chemicals. 

The rapidly expanding reinforced plastics manufac- 
turing industry is one of the larger consumers of organic 
peroxides. The plastic is frequently applied to the rein- 
forcing material by spraying automatically proportioned 
mixtures of a resin monomer and an organic peroxide 
catalyst. 

The organic peroxides are marketed in a large number 
of commercial peroxide preparations and in the form of 
solids, liquids and pastes. Some of the materials are 
diluted in order to decrease their hazard potential. The 
most widely used peroxides are benzoyl peroxide and 
methyl ethyl ketone (MEK) peroxide. These per-oxygen 
materials contain a large amount of active oxygen and 
this is an important factor in determining hazard 
characteristics as it supports combustion even though air 
is excluded. 

The majority of the commercially available organic 
peroxide compounds have been assigned the yellow label 
(oxidizing material) or red label (flammable liquid) for 
transportation purposes by the U.S. Department of 
Transportation. Such labels may not fully reflect the 
hazards of the product under processing conditions. 

In general, these active-oxygen compounds are 
vigorously reactive; they should be considered as "poten- 
tially explosive chemicals" by virtue of their thermal and 
shock sensitivity. Because of the serious explosion poten- 
tial presented, every possible provision of distance, con- 
struction and fire protection should be made to protect 
the organic peroxide storage from external fire and to 
protect other property from exposure to fire or explosion 
in organic peroxide storage. 

Organic peroxides burn much more rapidly than or- 
dinary flammable liquids or combustible solids. Benzoyl 
peroxide's unusual burning characteristics have been 
demonstrated in tests which show that it ignites with 
about one-fifth the amount of flame exposure required 
for black powder. Di-tertiary butyl peroxide burns at ten 
times the rate of an equal quantity of burning methanol, 
in small test quantities. 

Heat as well as fire is an important factor in decompos- 
ing these peroxide compounds. Some of the organic 
peroxides will decompose quietly when exposed to a slow 
and gradual increase in temperature. On the other hand, 
these same materials may decompose violently or even ex- 
plode when subjected to a rapid and excessive increase in 
temperature. This latter behavior is termed "thermal 
shock." 

In general, an organic peroxide combined with 
diluents in the form of a paste or liquid burns at a slower 
rate than the concentrated peroxide and it is usually less 
sensitive to shock and impact. 

Other Hazard Factors. The inherent sensitivity of 
commercially used organic peroxides is increased by the 
accidental inclusion of unacceptably hazardous peroxide 
byproducts of the manufacturing process. Manufacturing 
and storage conditions must be carefully controlled to 
prevent the formation of the more hazardous peroxides. 

Decomposition vapors of some of the organic peroxides 
can present a fire and explosion hazard. As an example, 
decomposing benzoyl peroxide produces highly flam- 
mable gases and vapors. 

Precautions. Precautionary recommendations with 
details on storage and handling operations are given in 
AIA Research Report No. 11, "Fire and Explosion 
Hazards of Organic Peroxides," and FM Loss Prevention 
Data Sheets 7-80 and 7-81 "Organic Peroxides." 

(1) In general, all forms of heat, such as steam pipes, 
radiators, open flames, sparks, etc., should be kept away 
from the peroxides. 

(2) Primary storage of the peroxides should be in an 
isolated building which is used only for this purpose. Fur- 
ther storage safeguards are obtained through the use of 
appropriate quantity distance requirements and/or 
automatic sprinkler protection. 

(3) The amount of organic peroxide in the processing 
area should be limited to the minimum daily processing 
requirements. 

(4) Every possible precaution should be taken to pre- 
vent contamination of organic peroxides. Perfect 
housekeeping should be strictly observed: any spilled 
peroxide or waste contaminated with peroxide should be 
immediately cleaned up and properly disposed of. Ade- 
quately trained personnel and planned procedures are 
essential for safe operation. 

A-14-4 Shock and Friction. Many of the commercially 
available organic peroxides are sensitive to shock and 
friction at ordinary temperatures. Dry benzoyl peroxide 
will decompose rapidly if subjected to heavy shock or fric- 
tional heat. The violence of decomposition is dependent 
upon the quantity of material involved and the degree of 
confinement. Sensitivity is considerably increased by a 
moderate elevation in temperature. 

The physical separation of very sensitive organic perox- 
ides from safety diluents can expose shock sensitive 
materials. 

A-14-5 Stability. The stability of organic peroxides 
can be markedly reduced through contamination with 
various materials such as strong acids or bases, sulphur 
compounds, amines, accelerators or reducing agents of 
any type. 

A-15 Training. 
General. The safety of a spray application process 

depends on the employees who operate it and the knowl- 
edge and understanding they have of the process and 
equipment involved. It therefore is important to main- 
tain an effective and on-going training program for all 
employees involved in such work. New employees must be 
effectively trained before being assigned to a job. After 
the initial training, employees must receive periodic 
retraining to assure their knowledge and understanding 
of normal process procedures as well as with emergency 
procedures or changes in procedures. Safe work habits 
must be developed. They do not occur naturally. 

All training must be provided by qualified personnel, 
knowledgeable in process and operations involved. Ap- 
propriate training must be provided for all employees in- 
volved in or affected by spray application processes. This 
includes but is not limited to operating, supervisory, 
housekeeping, and maintenance personnel. 

A-15-3 Confined Space Entry. Any work requiring en- 
try of employees into confined spaces should be con- 
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ducted  in accordance  with a wri t ten p rocedure  rigidly 
followed. This procedure  should include,  but not be 
l imited to: 

(a) Analysis of confined space a tmosphere  for flam- 
mable ,  combust ible ,  toxic, or oxygen-deficient  condi- 
tions. 

(b) Rescue, fire and emergency procedures.  

(c) Locking and tagging procedures  for all power and 
process hazard  sources. 

(d) Venti lat ion.  

(e) Personal protective equipment .  

(f) Proper  tools and electrical  equ ipment .  

(g) Wr i t t en  entry author iza t ion by qual if ied responsi- 
ble individual .  

Appendix B Fire Record 

Tht~ Appdndt)¢ ts not part of  the requirements of thz~ NFPA docu- 
ment, but z~ included for  information purposes only. 

Many fires may be prevented by following the provi- 
sions out l ined in this s tandard .  When  a fire occurs, the 
provisions of this s t andard  help to minimize losses to 
proper ty  and in te r rupt ion  to product ion .  

Liquid Based Coatings. 
One hundred  seventy-five fires involving spray appl ica-  

tion of l iquid based coat ing mater ia ls  over the last 5 years 
were reviewed. Where  provisions of this s t andard  were 
followed, a "typical" spray booth fire was confined to the 
booth,  p lenum and exhaust  system. A fire s tar t ing in the 
booth spreads across overspray deposits to the p lenum 
and exhaust  duct .  A fire s tar t ing in the exhaust  duct  
spreads across overspray deposits to the p lenum and 
booth interior.  All sprinklers in the booth,  p lenum and 
exhaust  duct  usually opera te  to control  the fire. One or 
more  sprinklers outside the booth may opera te  depending  
on quant i ty  of overspray residue. Final  ext inguishment  is 
general ly  by small hose or por tab le  extinguishers.  

Twenty- two large losses (exceeding $100,000 combined  
proper ty  damage  and business in ter rupt ion)  occurred in 
this period.  It was de te rmined  that  fai lure to follow one 
or more of the basic provisions of this s t andard  was the 
reason for the large losses in all cases. The  most frequent  
deficiencies were: (1) Lack of complete  au tomat ic  protec- 
tion. In 6 of these losses, no protect ion was provided.  In 5 
others, protect ion was provided for the booth or room, 
but  lacking or ineffective in some other  parts of the spray 
area,  such as the exhaust  duct  or p lenum; (2) Inadequa te  
cutoff  between spraying operat ions  and the rest of the 
plant .  In 8 losses, inadequa te  cutoffs resulted in damage  
to goods in process or equ ipment  located outside the 
spray room; (3) Poor main tenance .  In 8 losses, excessive 
bu i ldup  of overspray was a major  factor.  Overspray on 
sprinklers prevented or delayed their  opera t ion .  Failure 
to keep areas outside booths free of overspray residue has 
resulted in fire spread between booths.  Overspray residue 
may accumula te  on the floor between booths (if ventila- 
tion is inadequa te  or if spraying is done outside booths).  
the underside of roofs near  where the exhaust  ducts 

penet ra te  ( through loose fi t t ing duct  sections), and on the 
roof a round  the discharge openings of several booth ex- 
hausts. Fire in one booth traveled up the exhaust,  ignited 
overspray deposits on the roof  and,  in turn,  ignited 
deposits in exhaust  ducts of other  booths; (4) Type  of fin- 
ish used -- nitrocellulose based lacquers were used in 6 of 
these losses. In these losses, personnel  discovered the fire 
immedia te ly  and used por tab le  extinguishers dur ing  the 
early stages of the fire but  were unable  to control  it. The  
fire ei ther  flashed across overspray residue outside booths 
immedia te ly  involving a large area,  or burned  in a con- 
cealed area where it could not be reached.  Smoke quickly 
drove personnel out of the area.  Automat ic  sprinklers can 
protect  the room and the s tructure of the booth and duct  
system. However, if there is a cont inuous surface of 
residue between booths, the sprinklers may not prevent 
spread of  fire from one booth to another .  Good 
housekeeping and use of water wash booths are basic to 
spraying operat ions  involving nitrocellulose based lac- 
quers. 

Powder Coatings. 
It would be mis leading at this t ime to compare  number  

of losses in powder systems to the number  in l iquid based 
systems due to the relatively small number  of powder  in- 
stallations. 

Loss experience indicates that ,  where provisions of this 
s t andard  were followed, a "typical  fire" in a powder  
system was confined to the powder  spray pa t t e rn  of the 
gun(s). When  powder supply is shut off, burn ing  stops. 

Losses resulting in greater  damage  have occurred when 
the powder  supply was not immedia te ly  cut off. This 
results in ignit ion in the bag collector by the mechanism 
descr ibed in A-7-8. Damage  could be conf ined to the col- 
lector if it is proper ly  vented and the vents ducted  to out- 
side. When  the collector is vented inside, burn ing  powder  
is discharged into the room. The  burn ing  powder  may 
result in a r ap id  pressurization of the room, causing 
s t ructural  damage  a n d / o r  it may ignite combust ibles  in 
the area and open au tomat ic  sprinklers at ceiling level. If 
housekeeping is poor and powder  allowed to accumula te  
on overhead s t ructural  members ,  the initial explosion in 
the collector may shake powder  loose and result in a sec- 
ond explosion in the room with substant ia l  increase in 
damage .  

Appendix C Referenced Publications 

C-1 The  following documents  or port ions thereof  are ref- 
erenced within this s t andard  for informat ional  purposes 
only and thus should not be considered par t  of the re- 
qui rements  of this document .  The  edi t ion indica ted  for 
each reference is current  as of the date  of the NFPA is- 
suance of this document .  These references are listed sepa- 
rately to facil i tate upda t ing  to the latest edi t ion by the 
user. 

C-I .1  N F P A  P u b l i c a t i o n s .  Nat ional  Fire Protection 
Association, Bat te rymarch  Park, Quincy,  MA 02269. 

NFPA 77-1983, R e c o m m e n d e d  Pract ice on Static Elec- 
tricity 


