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1977 Edition of 33

This 1977 edition of the. Standard for Spray Application Using
Flammable and Combustible Materials was adopted by the Na-
tional Fire Protection 'Association at its Fall Meeting held in No-
vember 1977 in Atanta, Georgia, on recommendation of the. NFPA
Comnmittee on Finishing Processes. It supersedes the edition of 1973.

Origin ami Development of 33

" "The original NFPA Standard on Paint Spraying and Spray
Booths was initiated in 1921. The first edition was published
in 1922 as part of a Standard on Dip Tanks (now NFPA 34).
Revised editions were published in 1926, 1928, 1935, 1937, 1941,
1946, 1950, 1953, 1954, 1955, 1957, 1959, 1960, 1961, 1966, 1969,
and 1973. ' ' :
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334 FOREWORD

Standard for

Spray Application Using Flammable
and Combustible Materials

NFPA 33 — 1977

Foreword

The safety of life and property from fire or explosion in the spray
application of flammable and combustible paints, coatings and
finishes depends upon the extent, arrangement, maintenance and
operation of the process.

An analysis of actual experience in industry demonstrates that
largest fire losses and fire frequency have occurred where good
practice standards were not observed.

In order that the best practical arrangement may be obtained for
the particular installation involved and in order that the Standard
Requirements may be more clearlv understood, an informative
Appendix discussing the basic hazards and appropriate safeguards
is included in this pamphlet.

The reader is referred to the following other NFPA Standards
as being related to this general field of interest:

Fundamental Principles for Prevention of Dust Explosions in
[ndustrial Plants, NFPA 63.

National Electrical Code, NFPA 70.
Ovens and Furnaces, NFPA 86A. -
Blowers and Exhaust Systems, NFPA 91.

Prevention of Dust Explosions in the Plastics Industry. NFPA
654. '
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Standard for

Spray Application Using Flammable and
Combustible Materials

NFPA 33 — 1977

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

Chapter 1. Scope and Definitions

*1-1 Scope.

1-1.1 This standard covers the application of flammable 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 continuous or intermittent pro-
cesses. It also covers the application of combustible powders when
applied by powder spray guns, electrostatic powder spray guns,
fluidized beds or electrostatic fluidized beds.

1-1.2 This standard outlines practical requirements to obtain
reasonable safety under average contemplated conditions. Where
unusual industrial processes are involved, the authority having
jurisdiction may for substantiated cause require additional safe-
guards or modify the requirements of this standard provided equiva-
lent safety is thereby obtained.

*1-1.3 This standard does not cover outdoor spray application
of buildings, tanks or other similar structures, nor small portable
spraying apparatus not used repeatedly in the same location; how-
ever, the herein described fundamental safeguards pertaining to
cleanliness, care of flammable liquids, dangerous vapor-air or
powder-air mixtures and sources of ignition should be followed where
applicable.

*1-1.4 Thijs standard does not cover the spray application of
noncombustible finishing material. Certain water type finishes,
however, although involving little or no hazard in the liquid state
may leave highly combustible residues upon evaporation of the
liquid carrier. The provisions of this standard for minimizing the
hazards of combustible residues shall be followed irrespective of the
characteristics of the liquid.
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1-2 Definitions.

Aerated Solid Powders. Aerated powders shall mean any
powdered material used as a coating material which shall be fluidized
within a container by passing air uniformly from below. It is com-
mon practice to fluidize such materials to form a fluidized powder
bed and then dip the part to be coated into the bed in a manner
similar to that used in liquid dipping. Such beds are also used as
sources for powder spray operations. The combustibility of such
materials may be determined by reference to Appendix 13-5 and
to the Standard for the Prevention of Dust Explosions in the Plastics
Industry, NFPA 654.

Approved shall mean acceptable to the authority having juris-
diction. In determining the acceptability of installations or pro-
cedures, equipment or materials, the authority having jurisdic-
tion 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, procedure or
use. The authority having jurisdiction may also refer to the listings
or labeling practices of nationally recognized testing laboratories,
inspection agencies, or other organizations concerned with product
evaluations which are in a position to determine compliance with
appropriate standards for the current production of listed items,
and the satisfactory performance of such equipment or materials
in actual usage.

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

Electrostatic Fluidized Bed. Electrostatic fluidized bed shall
mean a container holding powder coating material which is aerated
from below so as to form an air-supported expanded cloud of such
material which is electrically charged with a charge opposite 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. Fluidized bed shall mean 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.
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Labeled shall mean equipment or materials to which has been
attached a label, symbol or other identifying mark of a nationally
recognized testing laboratory, inspection agency, or other organiza-
tion concerned with product evaluation that maintains periodic in-
spection of production of labeled equipment or materials, and by
whose labeling is indicated compliance with nationally recdgnized
standards or tests to determine suitable usage in a specified manner.

Listed shall mean equipment or materials included in a list
published by a nationally recognized testing laboratory, inspection
agency, or other organization concerned with product evaluation
that maintains periodic inspection of production of listed equip-
ment or materials, and whose listing states either that the equipment
or material meets nationally recognized standards or has been
tested and found suitable for use in a specified manner.

The means for identifying listed equipment can vary for each
testing laboratory, inspection agency or other organization con-
cerned with product evaluation, some of which do not recognize
equipment as listed unless it is also labeled. The authority having
Jjurisdiction should utilize the system employed by the listing or-
ganization to identify a listed product.

Liquids. Flammable liquid shall mean any liquid having a
flash point below 100°F (37.8° C) closed cup and having a vapor
pressure not exceeding 40 pounds per square inch absolute (2068.6
mm) at 100°F (37.8°C). Combustible liquid shall mean any
liquid having a flash point at or above 100° F (37.8° C). For further
classification see Basic Classification of Flammable and Combustible
Liquids, NFPA 321,

*Spraying Area. Spraying area shall mean any area in which
dangerous quantities of flammable vapors or mists, or combustible
residues, dusts or deposits are present due to the operation of
spraying processes.

A spraying area shall include:

(a) The interior of spray booths and rooms except as specifically
provided in 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 spraying area in any specific case.
The “spraying area” in the vicinity of spraying operations will
necessarily vary with the design and arrangement of equipment and
method of operation. When spraying operations are strictly con-
fined to predetermined spaces which are provided with adequate
and reliable ventilation, such as a properly constructed sprav booth,
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the “spraying area’ will ordinarily not extend beyond the booth
enclosure. When, however, spraying opecrations are not confined
to adequately ventilated spaces the ‘‘spraying area” may extend
throughout the entire room containing spraying operations.

Spray Booth. Spray booth shall mean a power-ventilated struc-
ture provided to enclose or accommodate a spraying operation,
to confine and limit the escape of spray, vapor and residue, and to
safely conduct or direct them to an exhaust system.. Spray booths
are manufactured in a variety of forms, including automotive re-
finishing, downdraft, open-face, traveling, tunnel, and updraft
booths.

Spray Room. Spray room shall mean a power-ventilated fully
enclosed room used exclusively for open spraying of lammable or
combustible materials. The entire spray room'is a spray area.
A spray booth is not a spray room. .

Waterwash Spray Booth. Waterwash spray booth shall mean 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.

NOTE: Metric Units have been included in parenthesis following English
Units. Conversion was made based on the level of accuracy warranted by
the original number, for example, the horizontal distance from an open
spray area classified as Class I or Class II, Division 2 is given as 20 feet (6
meters) rather than 20 feet (6.1 meters).



LOCATION OF SPRAY APPLICATION OPERATIONS 33-9

Chapter 2.* Location of Spray Application Operations

2-1 Spray application operations within the scope of this
standard 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, institutional or residen-
tial, except in a room designed for the purpose, protected with
an approved system of automatic sprinklers and scparated verti-
cally and horizontally from such occupancies by construction having
not less than rwo hours fire resistance rating.
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Chapter 3.* Spray Booths and Rooms

3-1 Spray booths shall be substantially constructed of steel not
thinner than No. 18 MSG (1.3 mm), securely and rigidly supported
or of concrete or masonry.

3-1.1 Aluminum or other substantial noncombustible ma-
terial may be used for intermittent or low volume spraying, subject
to the approval of the authority having jurisdiction.

3-1.2 Spray booths used exclusively for powder application
may be constructed of other materials when approved by the au-
thority having jurisdiction.

3-2 Spray booths shall be designed to sweep air currents toward
the exhaust outlet. The interior surfaces of spray booths shall be
smooth and designed to prevent pocketing of residues and to
facilitate cleaning and washing without injury.

3-3 The floor surface of a spray booth and operator’s working
area, if combustible, shall be covered with noncombustible material.

3-4 Distribution or baffle plates, if installed to promote an even
flow of air through booth or cause the deposit of overspray before
it enters exhaust duct, shall be of noncombustible material and
readily removable or accessible on both sides for cleaning. Such
plates shall be grounded.

3-5 Where conveyors are arranged to carry work into or out of
spray booths, the openings therefor shall be as small as practical.

3-6 Where the product to be sprayed is brought into a spraying
area, removed from it, or manipulated while there by a self-powered
vehicle capable of producing ignition, the vehicle shall not be acti-
vated while in the area unless the spraying operation is stopped,
the ventilation systemn is in operation and the area has been ade-
quately ventilated to insure a safe atmosphere.

3-7 Each spray booth shall be separated from other operations
by not less than three feet (1 m), or by a greater distance, or by
such partition or wall as the authority having jurisdiction may
require.

3-8 Spray booths shall be so installed that all portions are
readily accessible for cleaning. A clear space of not less than three
feet (1 m) on all sides shall be kept free from storage or combustible
construction. This is not to preclude the installation of a spray booth
against a noncombustible wall.
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3-9 When spraying areas are illuminated through glass panels
or other transparent materials, only fixed lighting units shall be
used as a source of illumination. Panels shall effectively isolate the
spraying area from the area in which the lighting unit is located,
and shall be of a noncombustible material of such a nature or so
protected that breakage will be unlikely. Panels shall be so arranged
that normal accumulations of residue on the exposed surface of the
panel will not be raised to a dangerous temperature by radiation or
conduction from the source of illumination.

3-10 Dry Type Overspray Collectors — (Exhaust Air Filters).
In conventional dry type spray booths, overspray dry filters or
filter rolls, if installed, shall conform to the following:

(a) Maintenance procedures shall be established to assure re-
placing filter pads before excessive restriction to airflow occurs.
Filter pads shall be inspected after each period of use and clogged
filter pads discarded and replaced. Filter rolls shall be inspected
to insure proper replacement of filter media.

(b) All discarded filter pads and filter rolls shall be immediately
removed to a safe, well-detached location or placed in a water-filled
metal container and disposed of at the close of the day’s operation
unless maintained completely in water.

(c) The location of filters in a spray booth shall be so as to not
reduce the effective booth enclosure of the articlés being sprayed.

(d) Filters or filter rolls shall not be used when applying a spray
material known to be highly susceptible to spontaneous heating
and ignition.

(e) Those parts of the booth which act as supports for, or holders
of, filters or filter rolls shall be noncombustible.

(f) Clean filters or filter rolls shall be noncombustible or of a
type having a combustibility not in excess of Class 2 filters as listed
by Underwriters Laboratories Inc.

(g) Filters and filter rolls shall not be alternately used for differ-
ent types of coating materials, where the combination of materials
may be conducive to spontaneous ignition. (See also 8-9.)

(h) Visible gages or audible alarms or pressure activated de-
vices shall be installed to indicate that the required air velocity
is maintained. ‘A dry spray booth equipped with a filter roll which
is automatically advanced when the air velocity is reduced to that
specified in 5-2 shall be arranged to cause shut down of spraying
operations is the filter roll fails to advance automatically.

3-11 Spray rooms shall be constructed of materials having at
least a one-hour fire resistance rating.
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Chapter 4.* Electrical and Other Sources of Ignition

*4-1 All electrical equipment, open flames and other sources of
ignition, except finishing operations as described in 3-6, shall con-
form to the requirements of Chapter 4 and:

(a) Electrostatic apparatus shall conform to the requirements
of Chapters 9 and 10;

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

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

(d) Powder coating equipment shall conform to the require-
ments of Chapter 13.

*4-2 There shall be no open flame, spark-producing equipment
or exposed surfaces exceeding the ignition temperature of the ma-
terial being sprayed in the areas specified in (a) and (b) below, ex-
cept as specifically permitted in 4-7, 5-5, 11-3 and in the Standard
for Ovens and Furnaces, NFPA 86A. 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 entering these areas:

(a) A spraying area as herein defined.

(b) An area adjacent to a spraying area and defined in 4-7 as
requiring electrical equipment conforming to the provisions of the
National Electrical Code, NFPA 70, for Division 2 locations, unless
separated therefrom by a partition extending at least to the boundary
of the Division 2 location.

4-3 Space heating appliances, steam pipes or hot surfaces shall
not be located in a spraying area where deposits or.combustible
residues may rcadily accumulate and be ignited.

4-4 Electrical wiring and equipment shall conform to the pro-
visions of this section and shall otherwise be in accordance with
the National Electrical Code, NFPA 70.

*4-5 Unless specifically listed for locations containing deposits
of readily ignitable residue, flammable vapors, or airborne com-
bustible dusts (as applicable), there shall be no electrical equip-
ment in any spraying area as herein defined whereon deposits of



.

ELECTRICAL AND OTHER SOURCES OF IGNITION 33-13

combustible residues may readily accumulate, except wiring in
rigid metal conduit, Type MI cable, or in metal boxes or fittings
containing no taps, splices or terminal connections.

*4-6 Electrical wiring and equipment not subject to deposits of
combustible residues but located in a spraying area as herein de-
fined shall be of explosion-proof or other type approved for Class [
and Class II, Division 1 locations, and shall otherwise conform to
the provisions of the National Electrical Code, NFPA 70, for Class I or
Class 11, Division 1 locations. (See Articles 500, 501, 502, and 516
of the Code.)

*4-7 Electrical wiring and equipment located adjacent to a
spraying area, as herein defined, shall conform to one of the fol-
lowing: 4-7.1 — 4-7.4,

4-7.1 Equipment outside of, but within twenty feet (6 m)
horizontally and ten feet (3 m) vertically, of any spraying area,
and not scparated from it by partitions extending at least to the
boundary of the Division 2 location shall not produce sparks under
normal operating conditions, and shall otherwise conform to the
provisions of the National Electrical Code, NFPA 70, for Class I or
Class II, Division 2 locations (as applicable). (See Articles 500,
501, 502, and 576 of the Code.) (Also see Figure 1.)

4-7.2 If spraying operations are conducted within a closed -

top, open face or front booth or room, the electrical 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 op-
erating conditions, and shall otherwise conform to the provisions
of the National Electrical Code, NFPA 70, for Class I or Class II,
Division 2 locations (as applicable). (See Articles 500, 501, 502,
and 516 of the Code.) The space within three fect (1 m) in all direc-
tions 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 I and Class 11, 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 following:

(a) If the ventilation system is intcrlocked with the spraying
cquipment so as to make the spraying equipment inoperable when
the ventilating systcm is not in operation, the space shall extend
five feet (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 spray-
ing equipment so as to makec the spraying equipment inoperable
when the ventilation system is not in operation, the space shall ex-
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CLASSI or CLASS IIOIV.|

N
CLASS Lor CLASS IIDIV.2

TOP
(PLAN)
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"///

Figure 1. Class I or Class ll Division 2 locations adjacent to an unenclosed
spray operation.
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tend ten feet (3 m) from the open face or open front of the booth
or room, and as otherwise shown in Figure 2, Part B.

4-7.3 If spraying operations are conducted within an open
top booth the space three feet (1 m) vertically above the booth shall
be a Class I or Class 11, Division 2 location. The space within three
feet (1 m) in all directions from openings other than the open top
shall also be considered as a Class I or Class II, Division 2 loca-

-1 sR(L5m)
0sm3RL/ . AR

O

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 spray equipment.
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tion. Electrical wiring and equipment in these areas shall not pro-
duce sparks under normal operating conditions, and shall otherwise
conform to the provisions of the National Electrical Code, NFPA 70,
for Class I or Class II, Division 2 locations. (See Articles 500, 501,

502, and 516 of the Code.)

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 spraying operation, except
for the space within three feet (1 m) in all directions from any open-
ings in the booth or room, as shown in Figure 3. Electrical wiring
and equipment within the space within three feet (1 m) in all di-
rections from any opening shall not produce sparks under normal
operating conditions, and shall otherwise conform to the provisions
of the National Electrical Code, NFPA 70, for Class I or Class II,
Division 2 locations (as applicable). (See Articles 500, 507, 502,
and 516 of the Code.)

*4-8 Electric lamps outside of, but within twenty feet (6 m) of
any spraying area as herein defined, and not separated therefrom
by a partition, shall be totally enclosed to prevent the falling of hot
particles and shall be protected from mechanical injury by suitable
guards or by location.

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

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

*4-9.1 All metal parts of spray booths, exhaust ducts and
piping systems conveying flammable or combustible liquids or
aerated combustible solids shall be properly electrically grounded
in an effective and permanent manner. '

*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.
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Exfent Of Closs I or
Class IT Division 2 Area.

3'R :
{I m)
3'R |
(tm) |
Enclosed Spray
Booth or Room
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Plon View 3"R
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_ 3R
3R (1m)
(Im) .

3R
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Elevation

Figure 3. Class I or Class Il, Division 2 locations adjacent to openings in
an enclosed spray booth or room.
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Chapter 5.* Ventilation

5-1 Ventilating and exhaust systems shall be in accordance
with the Standard for Blower and Exhaust Systems for Vapor Removal,
NFPA 91, where applicable and shall also conform to provisions
of this section.

5-2 All spraying areas shall be provided with mechanical ventila-
tion adequate to remove flammable vapors, mists or powders to a
safe location and to confine and control combustible residues so
that life or property is not endangered.

*5-2.1 Liquid Coating Systems. (a) Generally, ventilation
for nonelectrostatic spray operations shall provide an average
velocity of not less than 100 FPM (30.5 m/min) and for electro-
static spray operations shall provide an average velocity of not
less than 60 FPM (18.3 m/min) over the open face of the booth or
the booth cross-section during spraying operations. With the
approval of the authority having jurisdiction these rates may be
reduced, but in all cases the exhaust strearn must be maintained
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 maintain
the exhaust stream below 25 percent of the LFL.

5-2.2 Powder Coating Systems. (See 73-5.) B

5-3 Mechanical ventilation shall be kept in operation at all
times while spraying operations are being conducted and for a
sufficient time thereafter to allow flammable vapors from drying
coated articles and drying finishing material residue to be exhausted.

When spray is automatically applied without an attendant con-
stantly on duty, the operating control of spray apparatus shall be so
arranged that spray cannot be applied unless exhaust fans are in
operation.

*5-4 An adequate supply of makeup air to compensate for air
exhausted from a spraying operation shall be safely provided
to that operation. Makeup air shall be so introduced to an operation
as to provide for the efficient operation of exhaust fans and minimize
the creation of dead air pockets.

5-5 Equipment to process air exhausted from spray operation
for removal of contaminants shall be approved by the authority
having jurisdiction.
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5-6 Air exhausted from spray operations shall not be directed
so that it will contaminate makeup air being introduced into the
spraying area or other ventilating intakes, nor directed so as to
create a nuisance.

5-6.1 Air exhausted from a spray operation shall not be re-
circulated to be used as makeup air for occupied spaces unless the
exhaust air has been decontaminated to return it to a safe acceptable
composition and unless listed equipment monitors the decon-
taminated exhaust air stream to signal the operator and to auto-
matically shut down the spray operation in event of failure of the
decontaminating equipment to maintain acceptable air quality
standards. (See ACGIH TLV, 1976.)

5-6.2 Air exhausted from a spray operation shall not be re-
circulated to be used as makeup air for an unmanned subsequent
spray operation, unless the solid particulate has been safety re-
moved from the exhaust air and unless installed listed equipment
monitors the composition of the air exhausted from the second op-
eration to signal the operator and to automatically shut down
both spray operations in event the composition of the air ex-
hausted from the second operation exceeds 25 percent of the
LFL of the used solvents.

5-7 Individual spray booths shall be separately ducted to the
building exterior, except for multiple cabinet spray booths with
combined frontal areas of not more than eighteen square feet
(1.7 m? using coating materials not likely to react and cause ig-
nition of the residue, or where permitted in Chapter 13 or in 5-8.

*5-8 Where treatment of exhaust is necessary for air pollution
or for energy conservation, ducts may be manifolded if the sprayed
materials used are not likely to react and cause ignition of the
residue in the duct and if: -

(a) No nitrocellulose base finishing material is used.

(b) An air cleaning system reduces the amount of overspray
carried into the manifolded duct (a booth filter system is adequate).

{c) Automatic sprinkler protection is provided at the junction
of each booth exhaust with the manifold in addition to protection
recommended in Chapter 7.

(d) The installation is approved by the authority having juris-
diction.

5-9 Exhaust ducts shall be constructed of steel and shall be
substantially supported. If dampers are installed, they shall be
maintained so that adequate airflow is maintained at all times the
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ventilating system is in operation. When spray booths are not in
use and it is necessary to shut off ducts, noncombustible removable
covers completely closing ducts may be used.

5-10 Exhaust ducts shall be protected against mechanical dam-
age and have a clearance from unprotected combustible construc-
tion or other combustible material of not less than 18 inches (46 ¢m),
except if combustible construction is provided with the following
protection applied to all surfaces within 18 inches (46 cm), clear-
ances may be reduced to the distance indicated:

(1) 28 gauge (0.4 mm) sheet metal on
gaug
14-inch (6.4-mm) asbestos mill board 12 inches (30 ¢m)

(2) 28 gauge (0.4 mm) sheet metal on
Yg-inch (3.2-mm) asbestos mill board
spaced out one inch on noncombus-
tible spacers. . ................ ... 9inches (23 cm)

(3) 22 gauge (0.8 mm) sheet metal on 1-
inch (2.5-cm) rockwool bats rein-
forced with wire mesh or the equiva-
lent .. ... . .. .. 3 inches (7.6 cm)

(4) Where ducts are protected internally
with an approved automatic sprin-
kler system, properly maintained;
the clearance may be reduced to 6
inches (15 cm).

5-11 The exhaust duct discharge point shall be not less than
six feet (1.8 m) from any combustible exterior wall or roof nor
shall the exhaust duct discharge in the direction of any com-
bustible construction or unprotected opening in any noncom-
bustible exterior wall within 25 feet (7.6 m).

5-12 Exhaust ducts shall be provided with ample access doors
to facilitate cleaning.

5-13 The exhaust fan rotating element shall be nonferrous or
the fan shall be constructed so that a shift of the wheel or shaft
will not permit two ferrous parts of the fan to rub or strike. There
shall be ample clearance between fan rotating element and fan
casing to avoid a fire by friction, necessary allowance being made
for ordinary expansion 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 maintain proper alignment
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even when the blades of the fan are heavily loaded, the shaft
preferably to have bearings outside the duct and booth. All bear-
ings shall be of the self-lubricating type, or lubricated from an out-
side duct.

5-14 Electrical motors driving exhaust fans shall not be placed
inside any spray area unless they meet the provisions of 4-5.

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 dried only in spaces
provided with adequate ventilation to prevent the accumulation of
flammable vapors. In the event adequate and reliable ventilation
is not provided such drying spaces shall be considered a spraying
area as herein defined. (See also Chapter 11.)
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Chapter 6. Flammable and Combustible Liquids
Storage and Handling

6-1 The storage of flammable or combustible liquids in con-
nection with spraying operations shall conform to the requirements
of the Flammable and Combustible Liquids Code,s NFPA 30, where

applicable.

6-1.1 Bulk storage of flammable or combustible liquids shall
be in a separate, properly constructed building detached from other
important buildings or cut off from them by construction having at
least one-hour fire resistance rating. Lesser quantities of lammable
or combustible liquids may be stored for use within a building under
conditions meeting the other provisions of this chapter.

6-1.2 The storage of flammable and combustible liquids in
containers and portable tanks inside buildings shall meet the re-
quirements of the Flammable and Combustible Liquids Code, NFPA 30.

6-1.3 The design, construction, and installation of storage
tanks for flammable and combustible liquids shall comply with the
Flammable and Combustible Liguids Code, NFPA 30, requirements
for ““Tank Storage.”

6-1.4 The design and construction of wood or metal storage
cabinets shall meet the requirements of the Flammable and Combus-
tible Liquids Code, NFPA 30, and any one such cabinet shall con-
tain not more than 60 gallons (225 litres) of Class I and Class I1
liquids, or 120 gallons (450 litres) of Class III liquids. When ap-
proved by the authority having jurisdiction, more than one such
cabinet may be located in a single fire area.

6-1.5 The quantity of flammable and combustible liquids
kept in the vicinity of spraying operations 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 gallons
(95 litres) of Class IA liquids in containers, and 120 gallons (450
litres) of Class IB, IC, II or III liquids in containers; or (3) one ap-
proved portable tank not exceeding 660 gallons (2,500 litres) of Class
IB, IC, 11, or III liquids.

6-2 Closed containers, approved portable tanks, approved
safety cans, or a properly arranged system of piping shall be used for
transporting flammable or combustible liquids. Open or glass
containers shall not be used for transportation or storage.
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6-3 The withdrawal of flammable or combustible liquids from
containers and the filling of containers, including portable mixing
tanks, shall be done only in a suitable mixing room or in a spraying
area when the ventilating system is in operation. Adequate pre-
cautions shall be taken to protect against liquid spillage and sources
of ignition.

6-4 Except as provided in 6-6, the withdrawal of lammabie or
combustible liquids from containers having a capacity of greater
than 60 gallons (225 litres) shall be by approved pumps.

6-5 Containers supplying spray nozzles shall be of closed type or
provided with metal covers kept closed. Containers not resting on
floors shall be on substantial supports or suspended by wire cables.
Containers supplying spray nozzles by gravity flow shall not exceed
10 gallons capacity (38 litres).

6-6 Original shipping containers shall not be subjected to air
pressure for supplying spray nozzles. Pressure vessels supplying
spray nozzles shall be of limited capacity, not exceeding that neces-
sary for one day’s operation; shall be designed and approved for
-such use; shall be provided with a visible pressure gauge; 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 standards of the
ASME Code for Unfired Pressure Vessels for construction, tests and
maintenance.

6-7.1 All containers or piping to which is attached a hose or
flexible connection shall be provided with a shutoff valve at the
connection. Such valves shall be kept shut when spraying operations
are not being conducted, except when a circulating system is used
and it is provided with an automatically operated anti-runaway
control.

6-7.2 When a pump is used to deliver products, automatic
means shall be provided to prevent pressure in excess of the design
working pressure of accessories, piping and hose.

6-7.3 All pressure hose and couplings shall be inspected at
regular intervals appropriate to the service. With the hose extended,
the hose and couplings shall be tested using the “in service maximum
operating pressures.” Any hose showing material deteriorations,
signs of leakage or weakness in its carcass or at the couplings shall
be withdrawn from service and discarded.
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6-8 If a spray liquid 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 other locations
subject to the accumulation of deposits or combustible 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 requirements of Chapter 4.

6-8.1 Unless flammable and combustible liquid piping, hose
and equipment have been designed to meet the requirements of
high pressure processes — those employing pressures in excess of
100 psig (7.9 bars) — such equipment shall not be used for this
purpose.

6-8.2 If lammable or combustible liquids are supplied to
spray nozzles by positive displacement pumps, means shall be
provided to prevent the discharge pressure exceeding the safe oper-
ating pressure of the system. Any discharge shall be to a safe location.

6-9 Whenever flammable or combustible liquids are trans-
ferred from one container to another, both containers shall be
effectively bonded and grounded to dissipate static electricity.
Recommended Practice on Static Electricity, NFPA 77, provides infor-
mation on static protection.

6-10. Piping systems conveying flammable or combustible
liquids shall be of steel or other material having comparable proper-
ues of resistance to heat and physical damage; they shall be so
installed that a rupture of the system for any reason is unlikely.
Piping systems shall be properlv bonded and grounded.
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Chapter 7.* Protection

7-1 Spraying areas shall be protected with an approved auto-
matic fire extinguishing system.

*7-2 In sprinklered buildings, the automatic sprinkler system
in rooms containing spray application operations shall conform
to the Standard for the Installation of Sprinkler Systems, NFPA 13,
provisions for Extra Hazard Occupancy, and in unsprinklered
buildings where sprinklers are installed only to protect spraying
areas, the installation shall conform to such standards insofar as
they may be applicable. Sprinkler installations 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 Water supply for sprinklers in rooms containing spray
finishing operations shall be sufficient to supply all sprinklers likely
to open in one fire without depleting the available water for use
in hose streams. Where sprinklers are installed to protect spraying
areas only, water may be furnished from the domestic supply,
subject to the approval of the authority having jurisdiction.

*7-4 Where automatic sprinklers protect each spray booth
(together with its connecting exhaust) they shall be under an ac-
cessibly located separate OS &Y subcontrol valve. Sprinkler sys-
tems in stacks or ducts shall be automatic and of a type not subject
to freezing.

7-5 Sprinklers protecting spraying areas shall be cleaned and
protected against overspray residue so that they will operate
quickly in event of fire. If covered, polyethylene or cellophane
bags having a thickness of 0.003 inches (0.076 mm) or less, or thin
paper bags shall be used. Coverings shall be replaced or heads
cleaned frequently so that heavy deposits of residue do not ac-
cumulate.

7-6 Where automatic sprinkler protection is not available, a
spray booth and its exhaust ducts may be protected with a dry
chemical extinguishing system installed so as to conform to the
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Standard for Dry Chemical Extinguishing Systems, NFPA 17, a carbon
dioxide system installed so as to conform to the Standard for Carbon
Dioxide Extinguishing Systems, NFPA 12, or a halogenated extinguish-
ing system installed so as to conform to the Standard on Halogenated
Fire Extinguishing Agent Systems — 1301, NFPA 12A, or the Standard
on Halogenated Fire Extinguishing Agent Systems — -Halon 1211,
NFPA 12B.

7-7 An adequate supply of suitable portable fire extinguishers
shall be installed near all spraying areas. (See the Standard on Portable
Fire Extinguishers, NFPA 10.)

*7-8 Fixed powder application equipment shall be protected
further by installation of approved flame detection apparatus that
will, in event of ignition, react to the presence of flame within one-
half second and:

(a) Shut down all energy supplies (electrical and compressed
air) to conveyor, ventilation, application, transfer and powder
collection equipment.

(b) Close segregation dampers in associated ductwork to inter-
rupt airflows from application equipment to powder collectors.

(¢) Actuate an alarm.
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Chapter 8.* Operations and Maintenance

*8-1 Spraying shall not be conducted outside of predetermined
spraying areas and all provisions of this standard applying to
spraying areas shall be strictly followed.

8-2 High pressure hose conveying flammable or combustible
material in “airless” spray application operations shall be fre-
quently inspected and properly maintained. Hose and equipment
shall be so located that in the event of a leak or rupture, application
material will not be discharged into any space having asource
of ignition.

*8-3 All spraying areas shall be kept free from the accumula-
tion of deposits of combustible residues. Combustible coverings
(thin paper, plastic, etc.) and strippable coatings may be used to
facilitate cleaning operations in spraying areas. If residue accumu-
lates to excess in booths, duct or duct discharge points or other
spraying areas, then all spraying operations shall be discontinued
until conditions are corrected.

*8-4 Scrapers, spuds or other such tools used for cleaning pur-
poses shall be of nonsparking material.
N

*8-5 Residue scrapings and debris contaminated with residue
shall be immediately removed from premises and properly dis-
posed of. ’

*8-6 Approved metal waste cans shall be provided wherever rags
or waste are impregnated with sprayed material and all such rags or
waste deposited therein immediately after use. The contents of
waste cans shall be properly disposed of at least once daily at the
end of each shift.

8-7 Employees’ clothing contaminated with sprayed material
shall not be left on the premises overnight unless kept in metal
lockers. '

8-8 Solvents for cleaning operations shall have flash points above
100° F (38° C). However, for cleaning spray nozzles and auxiliary
equipment, solvents having flash points not less than those normally
used in spray operations may be used.
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Cleaning operations using flammable or combustible solvents
shall be conducted inside spray booths with ventilating equipment
operated during cleaning, or in other adequately ventilated locations
complying with the requirements of Chapter 4.

*8-9 Spray booths shall not be alternately used for different
types of coating materials, where the combination of the materials
may be conducive to spontaneous ignition, unless all deposits of
the first used material are removed from the booth and exhaust
ducts prior to spraying with the second. Examples of dangerous
combinations are:

(a) Deposits of lacquers containing nitrocellulose combined with
finishes containing drying oils, such as varnishes, oil-based stains,
air-drying enamels, and primers.

(b) Bleaching compounds based on hydrogen peroxide, hypo-
chlorites, perchlorates, or other oxidizing compounds combined
with any organic finishing materials.

8-10 “‘No Smoking” signs in large letters on contrasting color
background shall be conspicuously posted at all spraying areas and
paint storage rooms.

*8-11 When maintenance operations involve the use of welding,
burning, or grinding equipment, such operations shall be done under
the supervision of properly designated personnel provided with ade-
quate fire extinguishing equipment.
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Chapter 9 Fixed Electrostatic Apparatus

9-1 This chapter shall apply to any equipment using electro-
statically charged elements for the atomization, charging and (or)
precipitation of hazardous materials for coatings on articles or for
other similar purposes in which the charging or atomizing device
is attached to a mechanical support and is not hand held or ma-
nipulated. '

9-2 The installation and use of electrostatic spraying equipment
shall conform to all other applicable chapters of this standard, and
shall also conform to the requirements of this chapter.

9-3 Electrostatic apparatus and devices used in connection with
coating operations shall be of listed types.

9-4 Transformers, power packs, control apparatus, and all other
electrical portions of the equipment, with the exception of high
voltage grids, electrodes and electrostatic atomizing heads and their
connections, shall be located outside of the spraying area as defined
in Chapter 1, or shall otherwise conform to the requirements of
Chapter 4 of this standard.

9-5 Electrodes and electrostatic atomizing heads shall be ade-
quately supported in permanent locations and shall be effectively
insulated from ground. Electrodes and electrostatic atomizing
heads which are permanently attached to their bases, supports, or
reciprocators, shall be deemed to comply with this section. In-
sulators shall be nonporous. Fine wire elements when used shall
be under tension at all times and be of unkinked hardened steel
or material of comparable strength.

9-6 High voltage leads shall be properly insulated and pro-
tected from mechanical injury or exposure to destructive chemicals.
~Any exposed element at high voltage shall be effectively and
permanently supported on suitable insulators and shall be effectively
guarded against accidental contact or grounding. An automatic
means shall be provided for grounding the electrode system when
the primary of its high voltage supply is electrically de-energized
for any reason.
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9-7 A safe distance shall be maintained between goods being
painted and electrodes or electrostatic atomizing heads or con-
ductors of at least twice the sparking distance. A suitable sign
indicating this safe distance shall be conspicuously posted near
the assembly.

9-8 Goods being coated using this process shall be supported
on conveyors or hangers. The conveyors or hangers shall be so
arranged as to assure that the parts being coated are electrically
connected to ground, with a resistance of 1 megohm or less, and to
maintain safe distances between the goods and the electrodes or
electrostatic atomizing heads at all times. Goods shall be supported
to prevent swinging or movement which would reduce the clear-
ance to less than that specified in 9-7.

9-9 Electrostatic apparatus shall be equipped with automatic
means which will rapidly de-energize the high voltage elements
under any of the following conditions:

(a) Stoppage of ventilating fans or failure of ventilating equip-
ment from any cause.

(b) Stoppage of the conveyor carrying goods through the high
voltage field. : :

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

(d) Reduction of clearance below that specified in 9-7.

9-10 Safeguards such as adequate booths, fencing, railings or
other means shall be so placed about the equipment 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 personnel.

9-11 All electrically conductive objects in the spraying area,
except those objects required by the process to be at high voltage,
shall be adequately grounded. This requirement 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 permanently 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.
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9-13 All insulators shall be kept clean and dry.

9-14 The spraying arezi shall be so ventilated as to insure safe
conditions from a fire and health standpoint. (See the Standard for
Blower and Exhaust Systems, NFPA 91.)

9-15 All areas used for spraying, including the interior of the
booth, shall be protected by. automatic sprinklers where this pro-
tection is available. Where this protection is not available, other
approved automatic extinguishing equipment shall be provided.
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Chapter 10. Electrostatic Hand Spraying Equipment

10-1 This chapter shall apply to any equipment using electro-
statically 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 conform with
the other applicable provisions of this standard and shall also con-
form 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 to not 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
a grounded object under all normal operating conditions. (See
Article 500, National Electrical Code, NFPA 70.) 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, power packs, control apparatus, and all
other electrical portions of the equipment, with the exception of
the hand gun iwelf and its connections to the power supply, shall
be located outside of the spraying area or shall otherwise conform
to the requirements 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 position 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 spraying area shall be conspicuously
posted.

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

10-7 Objects being coated shall be maintained in electrical con-
tact with the conveyor or other grounded support. Hooks shall be
regularly cleaned to assure adequate grounding of 1 megohm or
lower resistance. Areas of contact shall be sharp points or knife
edges where possible. Points of support of the object shall be con-
cealed from random spray, where feasible, and where the objects
being sprayed are supported from a conveyor, the point of attach-
ment to the conveyor shall be so located as to not collect spray
material during normal operation.
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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 the Standard for Ovens and Furnaces, NFPA 86A, 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 spontancous 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 11-4, drying, curing or
fusion units utilizing a heating system having open flames or which
may produce sparks shall not be installed in a spraying 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 ignition;

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

11-4 Automobile refinishing spray booths or enclosures, other-
wise installed and maintained in full conformity with this standard,
may alternately be used for drying with portable electrical infrared
drying apparatus but only 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 elec-
trical 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 ventilating
system of spray enclosure shall be equipped with suitable interlocks
so arranged that:
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(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 three minutes before drying
apparatus can be energized.

(3) Ventilating system will maintain a safe atmosphere within
the enclosure during the drying process and drying appar-
atus will automatically shut off in the event of failure of
the ventilating system.

(d) All electrical wiring and equipment of drying apparatus
shall conform to the applicable sections of the National Electrical
Code, NFPA 70. Only equipment of a type approved for Class I,
Division 2 locations shall be located within 18 inches (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 attached warning sign indicating that ventilation shall
be maintained during the drying period and spraying shall not be
so conducted in the vicinity 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 ade-
quately ventilated to remove such vapors.
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Chapter 12. Automobile Undercoating in Garages

12-1 Automobile undercoating operations in garages, conducted
in areas having adequate natural or mechanical ventilation, are
exempt from the requirements pertaining to spray coating opera-
tions, when (1) undercoating 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 (38° C)
are used, and (3) no open flames are within 20 feet (6 m) while
such operations are conducted.

12-2 Undercoating spray operations not conforming to the
provisions of 12-1 shall conform to all requirements of this standard
pertaining to spray finishing operations.
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Chapter 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 processes to a degree depending upon the
chemical composition of the material, particle size, shape and dis-
tribution. 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 applica-
tion. Sections 13-8 to 13-10 are applicable to the specific method
indicated therein.

13-2 Location. 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 2-2
of this standard.

13-3 Enclosures. Powder shall bhe effectively confined by
conducting coating operations within:

(a) Completely enclosed, adequately ventilated rooms of non-
combustible construction with smooth surfaces designed to prevent
accumulation of powder and to facilitate cleaning or

(b) Adequately ventilated spray booths meeting the requirements
of 3-1 through 3-3, and 3-6 through 3-11 of this standard, and by
using effectively enclosed adequately ventilated containers (tanks,
bins, etc.) of noncombustlble material.

13-4 Electrical and Other Sources of Ignition. (a) Electrical
equipment and other sources of ignition shall conform to the re-
quirements of Chapter 4 of this standard, and Articles 500 and 502
of the National Electrical Code, NFPA 70.

(b) When the part being coated is preheated in an oven, the
controls shall be set so that the surface temperature of the part
does not come within 50° F (28° C) of the auto-ignition temperature
of the powder used.
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(¢) 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 exceeding 1 megohm.

*13-5 Ventilation. (a) Nondeposited air-suspended powders
shall be safely removed from a spray operation to a powder re-
covery system. Sufficient airflow shall be provided to maintain
the exhaust duct at a powder concentration that will not exceed
one-half the “minimum explosible concentration” (MEC) of the
powder in use. (See 73-5(b) for exception.) 1f the MEC of the powder
has not been established, then the exhaust duct powder concen-
tration shall be maintained below 0.015 ounces per cubic foot
(15 g/m?%). Exhaust equipment shall bear an identification plate
stating the ventilation rate for which it was designed (CFM or
m?/hr). '

(b) When, by design, the coating operation is conducted at an
exhaust duct concentration above 50 percent MEC, listed sup-
pression equipment shall be provided. (See Explosion Prevention
Systems, NFPA 69.)

(c) Air exhausted from the recovery system of a powder opera-
tion 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 auto-
matically shut down the operation in event’ the particulate re-
moval equipment fails to maintain the air in this condition.

(d) Any enclosures of a powder coating operation (booth, re-
covery enclosure, etc.) which are effectively ‘‘tiglit” enclosures
shall be provided with adequate blowout openings to safely re-
lieve internal pressure in case of mixture ignition. Ductwork
shall be installed to channel flame and combustion products re-
lieved through these openings to the exterior of the building or
to a properly designated unoccupied area within the building,
subject to the authority having jurisdiction. (See Explosion Venting
Guide, NFPA 68.)

(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 electrostatic booth openings
shall not be less than 60 feet/minute (18.3 m/min). Average air
velocity through openings of nonelectrostatic booths shall not be
less than 100 feet/minute (30.5 m/min).
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13-6 Drying, Curing, or Fusion Equipment. (a) The tem-
perature of the work piece shall not come within 50° F (10° C) of the
autoignition temperature of the powder.

(b) The provisions of the Standard for Ovens and Furnaces, NFPA
86A, 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 maintained to prevent the accumulation of powder.

(b) Surfaces shalil be cleaned in such manner as to avoid scatter-
ing powder or creating powder clouds. Vacuum sweeping equipment
where used, shall be of a type approved for use in hazardous loca-
tions. ‘

(c) Care shall be exercised to prevent tramp iron or spark pro-
ducing material from being introduced into the powders being ap-
plied. 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 Electrostatic Powder Spraying Equipment. The
provisions of Chapter 9 and other sections of Chapter 13 of this stan-
dard shall apply to fixed electrostatic equipment, except that
electrical equipment not covered therein shall conform to 13-4 of
this chapter.

13-9 Electrostatic Hand Powder Spraying Equipment. The
provisions of Chapter 10 and other sections of Chapter 13 of this
standard shall apply to electrostatic 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 electrical equipment not covered therein
shall conform to 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 sufficient intensity to ignite any powder air-mixture likely
to be encountered, nor result in an appreciable shock hazard.
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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 connections to the power supply
shall be located outside of the area classified as hazardous or shall
otherwise conform to the requirements of 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, permanently 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 conveyor or other support
in order to insure proper grounding. Hangers shall be regularly
cleaned to insure 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 equip-
ment cannot be operated unless the ventilation fans are in operation.

N
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Chapter 14.* Organic Peroxides and
Dual Component Coatings

14-1 All spraying operations involving the use of organic per-
oxides and other dual component coatings shall be conducted in
approved sprinklered spray booths under conditions meeting the
requirements of this standard.

14-2 Extreme care shall be exercised at all times to prevent the
contamination of organic peroxide initiators with any foreign sub-
stance. Only spray guns and related handling equipment specifically
manufactured for use with organic peroxides shall be used. Separate
pressure vessels and inserts specific for the application shall be used
for the resin and for the organic peroxide and they shall not be
interchanged.

14-2.1 Organic peroxide pressure tank inserts shall be con-
structed of stainless steel, polyethylene, or other chemically non-
reactive materials.

14-2.2 Extreme care shall be exercised to prevent any mixing
of dusts or overspray residues resulting from the sanding or spraying
of finishing materials containing organic peroxides with other
materials. Such mixing may result in a spontaneous fire or explosion.

14-2.3 All spilled peroxides shall be promptly removed so
there are no residues. Spilled material may be absorbed by using
a noncombustible absorbent and then promptly disposed of in
accordance with the manufacturer’s recommendation.

14-3 Organic peroxides shall be stored in a cool, detached
building apart from other finishing materials, and only minimum
daily requirements shall be brought to the processing area: such
material remaining at the spraying station at the end of a day’s
operations shall be carefully disposed of. Organic peroxides shall
be kept away from all sources of heat including steam pipes, radi-
ators, open flames or sparks and solar radiation. (See Appendix A-14.)

*14-4 Extreme care shall be exercised in handling organic
peroxides to avoid shock and friction which can cause decomposition
and violent reaction.

*14-5 Organic peroxides shall not be mixed directly with any
accelerators or promoters as violent decomposition or explosion
may result,
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14-6 Smoking shall be prohibited and “No Smoking” signs
shall be prominently displayed and only nonsparking tools shall be
used in any area where organic peroxides are stored, mixed or
applied.

14-7 Only specifically trained personnel shall be permitted to
work with these materials.
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Appendix A

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

The following Appendix material is provided to explain basic
principles and give loss experience.

A-1 Scope and Definitions — General.

The safety of life and property from fire or explosion as a result
of spray applications of flammable and combustible paints and
finishes varies depending upon the arrangement and operation of
a particular installation.

The principal hazards of spray application operations originate
from flammable or combustible liquids or powders and their vapors
or mists and from highly combustible residues or powders.

Properly constructed spray booths, with adequate mechanical
ventilation, may be used to discharge vapors or powder to a safe
location and reduce the possibility of an explosion. In like manner,
the accumulation of overspray -residues, many of which are not
only highly combustible but subject to spontaneous ignition, can
be controlled.

The elimination of all sources of ignition in areas where flam-
mable or combustible liquids, vapors, mists or combustible resi-
dues are present, together with constant supervision and mainte-
nance, are essential to the safe operations of spraying.

The human element necessitates careful consideration of the lo-
cation of the operations and the installation of extinguishing
equipment so that if a fire does occur, the possibility of its spread
to other property will be reduced and the probability of damage
to other property by extinguishing agents will be minimized.

A-1-1 Scope.

A-1-1.3(a) Outdoor Application. This standard does not
cover the outdoor spray application to buildings, bridges, tanks or
similar structures. With such occasional applications, overspray
deposits are not likely to create a hazardous condition and the
space in which flammable vapor-air mixtures may be present is
limited because of atmospheric dilution.

A-1-1.3(b) Indoor Application. The occasional operation
of small portable spraying apparatus for spraying building in-
teriors and similar uses is such that hazardous accumulations of
overspray deposits are not likely to occur. Such operations are
not within the scope of this standard.
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When building or maintenance spraying is considered outside
the scope of this standard by the authority having jurisdiction be-
cause of the infrequency of application, the following safeguards
should be observed:

(a) Adequate ventilation should be provided at all times
when conducting indoor spraying operations, particularly in small
enclosures.

(b) Spraying 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 pro-
tective coatings should be kept tightly closed at all times when they
are not required to be open to replenish the supply of such material
at the place of application.

(d) Oily or paint-laden rags or waste should be promptly
disposed of at the end of each day’s operations because of the danger
of spontaneous ignition. The same fundamental requirements of
cleanliness should be observed as are required in the spray appli-
cation of coating materials in industrial processes.

A-1-1.4 Waterborne Coatings. Flammable and combustible
application of finishing materials contemplated by this standard
do not ordinarily include water solutions nor water-emulsion
liquids. Certain water-emulsion liquids, however, although in-
volving little or no hazard in the liquid state, may leave highly
combustible residues upon evaporation of the liquid carrier. The
provisions of this standard for minimizing the hazards of com-
bustible residues should be followed irrespective of the character-’
istics of the liquid carrier. ’

A-1-2 Definitions.

Spray Area. The authority having jurisdiction may, for the
purpose of this standard, define the limits of the spraying area
in any specific case. :

The spraying area in the vicinity of spraying operations will
necessarily vary with the design and arrangement of equipment
and method of operation.

When spraying operations are strictly confined to predetermined
spaces which are provided with adequate and reliable ventilation,
such as a properly constructed spray booth, the spraying area
should ordinarily not extend beyond the booth enclosure.

When, however, spraying operations are not confined to ade-
quately ventilated spaces, the spraying area may extend through-
out the entire room containing spraying operations.
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A-2 Location of Spray Application Operations.

General. Fires in spray areas develop rapidly with large quan-
tities of heat and smoke generated. Therefore, facilities should be
located so that there is adequate egress for operating and mainte-
nance personnel and access for firefighting operations.

Factories. In factories conducting extensive spray application
operations, it is desirable that the process be confined to a building
detached or separated by fire walls from storage or other process-
ing buildings wherever practical.

The adaptation of assembly lines or conveyor systems to spray
processes may present some additional problems of fire hazard
segregation. If conveyor systems extend to or from a detached
building, a sprinklered noncombustible connecting passageway
may be advisable. If conveyor systems go through floors, the floor
openings should be surrounded by deep draft curtains on the ceil-
ing beneath and may be provided with automatically controlled
high velocity spray nozzles arranged to set up a counter draft.
If conveyor systems pierce fire walls, it is difficult to arrange auto-
matic fire doors to protect the openings in a practical and reliable
manner. In some instances, such openings have been provided
with noncombustible tunnels extending on each side of fire wall
with tunnels protected by specially designed automatic spray or
sprinkler systems.

Rooms containing spray application operations should pref-
erably be separated from other occupancies by tight-fitting par-
titions. In sprinklered buildings, rooms of extensive area having
spray finishing operations should be provided with noncombustible
draft curtains, extending downward from ceilings as far as prac-
tical but not less than 18 inches (46 ¢m). Such curtains aid in
preventing the opening of sprinklers outside the area enclosed by
curtains and tend to confine the discharge of water to the immediate
area of the fire.

Where spray application operations are located on upper floors
of buildings, they should not be located immediately over high
concentrations of damageable goods and positive provisions should
be made for the waterproofing and drainage of the floor of the
spraying area.

Waterproof floors shall be arranged to drain to the outside of
building, internal drains or other suitable place. Properly de-
signed and guarded drains or scuppers of sufficient number and
size to dispose of all surplus water likely to be discharged by auto-
matic sprinklers over the waterproof area should be provided,
conforming to Manual for Waterproofing and Draining of Floors,
NFPA 92M.

Spray application operations involving flammable or combustible
liquids should not be located in any basement area.
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A-3 Spray Booths and Spray Rooms — General. Spray booths
may be of a wide variety of shapes and sizes to accommodate the
various industrial applications of spray finishing. Without the use
of a spray booth, the spraying area as defined in Chapter 1 may
be of considerable magnitude with all of the requirements of this
standard for a spraying area applicable thereto. It is important
that only equipment suitable for specific purposes be utilized in
connection with the handling and application of flammable or
combustible liquids, or powders.

A-4 Electrical and Other Sources of Ignition.

A-4-1 Exceptions. It will be observed that because of the re-
quirements of special safeguards, electrostatic apparatus, drying,
curing or fusion apparatus and automobile undercoating spray
operations in garages are covered in separate chapters.

A-4-2 Sources of Ignition Other than Electrical. It is obvious
that there should be no open flames or spark producing equipment
in any area where, because of inadequate ventilation, explosive
vapor-air mixtures or mists are present. It is equally obvious that
no open flames or spark producing equipment should be so located
that there will be deposited on them highly combustible spray
residues. Because some residues may be ignited at very low tem-
peratures, additional consideration must be given to operating
ternperatures of equipment subject to residue deposits. Many de-
posits may be ignited at temperatures produced by low pressure
steam pipes or by incandescent light globes, even those of ex-
plosionproof type.

A-4-5 Electrical Equipment in Spray Areas Subject to Resi-
due Accumulations. From 4-5, it will be noted, that in general,
electrical equipment is not permitted inside any spray booth, in
the exhaust duct from a spray booth, in the entrained air of an
exhaust system from a spraying operation nor in the direct path
of spray, unless such equipment is specifically listed for both readily
ignitible deposits and flammable vapor.

A-4-6 Electrical Equipment in Spray Areas Not Subject to
Residue Accumulation. The determination of the extent of
hazardous areas involved in spray application requires an under-
standing of the dual hazards of lammable vapors, mists or powders
and highly combustible deposits applied to each individual in-
stallation.

From 4-6, it will be noted that when electrical equipment is
installed in locations not subject to deposits of combustible resi-
dues but, due to inadequate ventilation, is subject to explosive
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concentrations of flammable vapors or mists, only approved ex-
plosionproof, or other type approved for Class I, Division 1 lo-
cations, equipment is permitted.

A-4-7 Electrical Equipment Adjacent to Spray Areas. When
spraying areas containing hazardous quantities of vapor-or mists
or residue under normal operation have been determined, the
adjacent unpartitioned areas,- which are safe under normal oper-
ating conditions, but which may become dangerous due to acci-
dent or careless operation, should be given consideration. Equip-
ment known to produce sparks or flames under normal operating
conditions should not be installed in these adjacent unpartitioned
areas.

When spraying operations are confined to adequately ventilated
spray booths or rooms, there should be no dangerous concentra-
tions of flammable vapors, mists, or dusts, nor deposits of combustible
residues outside of the spray booth under normal operating con-
ditions.

In the interest of safety, however, it will be noted that unless
separated by partitions, the area within certain distances of the
hazardous spraying area, depending upon the arrangement, is
considered Division 2, that is, it should contain no equipment
which produces sparks under normal operation. Furthermore,
within this distance, electric lamps must be enclosed to prevent
hot particles falling on freshly painted stock or other readily ig-
nitible material and, if subject to mechanical injury, must be
properly guarded.

A-4-8 Fixed Lighting. Even though it is contemplated that areas
adjacent to spray booths (particularly where coating material
stocks are located) will be provided with ventilation sufficient to
prevent the presence of flammable vapors or deposits, it is neverthe-
less advisable that electric lamps be totally enclosed to prevent
the falling of hot particles in any area where there may be freshly
painted stock, accidentally spilled flammable or combustible ma-
terials or readily ignitible refuse, or flammable "or combustible
liquid containers accidentally left open.

Where electric lamps are in areas subject to atmospheres of
flammable vapor, lamp globes should be replaced when electricity
is off, otherwise there may be a spark from this source.

A-4-9 Portable Lighting. Sufficient lighting for coating opera-
tions, booth cleaning and booth repair work should be provided
at the time the equipment is installed in order to avoid the use of
“temporary” or ‘“‘emergency”’ lamps connected to ordinary ex-
tension cords in this area. A satisfactory and practical method of
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lighting is the use of Y4-inch (0.6-cm) thick wired or tempered
glass panels in the top or sides of spray booths with electrical light
fixtures outside the booth, hence not in the direct path of the spray.

A-4-9.1 Static Charges. In order to prevent sparks from the
accumulation of static electricity, all electrically conductive ob-
jects including metal parts of spray booths, exhaust ducts, piping
systems conveying flammable or combustible liquids, paint, or
solvent tanks or canisters should be properly electrically grounded.

A-4-9.2 Static Charges on Airless Systems. “Airless” spray
painting employing high fluid pressures can produce static elec-
tricity which may cause a spark. Therefore, the airless spray gun
and any conductive object being sprayed, including containers
into which the flow from the gun is directed, should be properly
electrically grounded. This can be done by either using a hose that
contains an electrical conductor, or attaching a properly grounded
static wire to the spray gun and electrically grounding the object
being sprayed.

A-5 Ventilation ~— General. Adequate mechanical ventilation,
together with vapors or mists of flammable or combustible ma-
terials should not be underestimated, nor should they be viewed
with such concern as to assume they cannot be controlled by
proper engineering.

A-5-2.1 Liquid Coating Systems — General, LFL De-
termination. Paints, varnishes, lacquers and other coating ma-
terials may contain volatile flammable solvents, in addition, such
solvents may be added as “thinners.” Such solvents, when ex-
posed to the atmosphere, give off vapors which mix with the sur-
rounding air and, if the concentration of these vapors reaches as
much as approximately one percent, an explosion may occur, if
at the same time a spark or other source of ignition is present.

Spray applications using only combustible liquids with rela-
tively high flash points, although less likely to produce flammable
atmospheres than those using low flash point flammable liquids,
may nevertheless result in mists which are capable of propagating
a flame somewhat similar to combustible solids in dust explosions.

Theoretical considerations may assist in hazard evaluation in
some instances. For example, one liquid gallon (3.8 litres) of the
average flammable solvent will occupy approximately 23 cubic
feet (0.6 m?®) when evaporated into vapor at average room tem-
perature. Therefore, if one gallon (3.8 litres) of liquid solvent is
completely evaporated and thoroughly mixed with the surround-
ing air of an enclosure, the enclosure must have a volume of more
than 2,300 cubic feet (65 m?) to avoid a flammable mixture if the
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lower limit of the flammable 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 percent. In at-
tempting to use such theoretical considerations caution should be
exercised to prevent erroneous conclusions. When flammable
liquids are sprayed, the area in the direct path of the spray will
exceed the LFL. Vapors from most flammable solvents are heavier
than air and. small quantities of vapor may form a flammable
mixture at low unventilated spaces in the vicinity of or even remote
from the point of evaporation before they so mix with the full
volume of available air by natural diffusion that the mixture be-
comes too ‘“lean’” to burn. When flammable liquid is sprayed,
the rate of evaporation is greatly increased so that the lower flam-
mable limit is quickly reached. For these reasons, a safety factor of
4 to 1 has been traditionally used and the ventilation requirement
rounded off to 10,000 cubic feet per gallon (74.5 m?3/litre) evapo-
rated at maximum flow rate of the spray gun.

Adequate mechanical ventilation throughout all areas where
flammable vapors or mists may be present is essential to prevent
the formation of flammable mixtures. The volume of air move-
ment necessary will obviously vary with the arrangement of spray-
ing operations, the amount of spray material used in a given
length of time and the rate of evaporation of the particular solvent.

A-5-2.1(a) Spray Booths. In addition to maintaining the
enclosure below the LFL, it is also necessary to confine overspray.
" When spray booths are provided with adequate ventilation,
booths may be so located with respect to the source of their makeup
air replenishment that air in the entire space about the booth
moves toward spray booth exhausts and “‘dead air pockets” are
minimized. This may eliminate the need for mechanical ventila-
tion in areas adjacent to the booth. With moderately uniform
air movement throughout the space about a spray booth, an air
change of once every three to five minutes should be sufficient to
prevent the formation in this area of flammable vapors under
ordinary conditions.

Where spraying is conducted inside a spray booth using con-
ventional spray equipment, an average air velocity of approximately
100 linear feet per minute (30.5 meters per min) should contain
overspray. Under these conditions the ventilating fan capacity in
ofm (m3/min) must then be 100 feet per minute (30.5 meters per
min) times the total area of booth openings, such as frontal area,
conveyor openings, etc., in square feet (m?). Where spraying op-
erations are extensive or where special purpose spray booths such
as canopy or down-draft spray booths are used, additional ventila-
tion may be necessary.
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A lower rate of exhaust ventilation may be employed in electro-
static spraying and other efficient coating methods which produce
low volumes of overspray and solvent vapors. Generally, a rate of
exhaust of approximately 60 linear feet per minute (18.3 m/min)
will maintain the atmosphere well below the explosive limits in
these operations because the volume of coating material being ap-
plied is normally less than in other types of spraying, resulting in
a lower volume of solvent vapors released and overspray created.

A-5-2.1(b) Spray Rooms and Open Spraying.

Spray rooms should be provided with exhaust system openings
near floor level since most solvent vapors are heavier than air.
System design should provide uniform air movement to sweep
vapors to exhaust openings. While 10,000 cubic feet of air per gallon
(74.5 m3/litre) of solvent evaporated is adequate to maintain sol-
vent vapor below the LFL, additional ventilation may be neces-
sary due to the greater toxicity of some solvents. The authority
having jurisdiction should be consulted.

Noncombustible false ceiling or partitions may be used to im-
prove ventilation of spray rooms. False ceilings or partitions ex-
tending to the boundaries of the hazardous area will permit the
installation of nonsparking electrical equipment above the ceilings
subject to the authority having jurisdiction.

Open Spraying. Where large objects such as railway cars are
being sprayed, it is frequently necessary to provide multiple air
inlets and exhausts in the proximity of all portions of the object,
simultaneously producing a rather high air velocity at all points
where spray may be applied. In many cases this has been accom-
plished by strategically locating air makeup ducts overhead and
exhausting air at the floor level below the application point.

A-5-4 Makeup Air. Since the air exhausted from spray appli-
cations is normally contaminated and can only be recirculated
under rigidly controlled conditions, consideration should be given
to the heating of incoming air in cold weather. An efficient and
satisfactory method of heating rooms containing several spray
booths is to strategically locate air intakes so as to provide a uni-
form sweep of air throughout the entire room towards exhaust fans
and provide each air intake with a safe heating arrangement.

In some heating arrangements, forced makeup or replacement
air directly compensating for the contaminated air exhausted from
spray application is used in place of, or to augment, general area
heating and ventilation.

With the many variables which may be encountered in heating
and ventilating systems, it is generally advisable to engage the
services of a qualified ventilating engineer to obtain a safe and
efficient installation. :



