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INTRODUCTORY AND HISTORICAL

Containing a short history

of the development of rules
for the installation of
electrical apparatus and
wiring in hazardous locations,
with special referemce to the
rules of Article 32 of the
National Electricsal Code.

Included also is a brief
description of the nature of
the problem which this Thesis
discusses.
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INTRODUCTORY AND HISTORICAL

During the past four or five years fire prevention
engineers have given lncreased attention to the design and
installation of electrical agparatus and wiring in what are
termed "Hazardous Locations." It was found that electrical
apparatus which was ordinarily considered safe for relatively
non-hazardous occupancies such as dwellings, mercantile build-
ings and those of similar nature, introduced definite and
serious fire and accident hazards into establishments where
processes involved the use or production of inflammable volatile
%1qu1ds, explosive gases, combustible dusts or easily ignitable

ibers.

With the marked increase in efficiency in manufacturing
methods during the past decade or two, we have seen an increas-
ing use of materials known to be hazardous. Industry sought and
found materlals and methods for the more rapid application of
finishes to automoblle bodies, furniture and other manufactured
goods. The use of gasoline and other petroleum products has
increased many fold. Pyroxylin has come to be employed for
ever multiplying purposes. Such increased use of flammable
volatile liquids and substances which might be classed as
explosive has been attended by numerous fires and explosions
involving the loss of many lives and much property.

During this same period we have witnessed the almost
universal adoption of electricity for power and lighting
purposes. Whereas a comparatively few years ago steam engine
power was used to a large extent, electric motor power now
prevalls. Where formerly the steam power plant was 1isolated
from a hazardous area, we now find the demands of industry
specifying individual motor drives which very often place the
motors and their controllers directly in the hazardous area
despite the attempts of fire protection engineers to isolate
them. Fires and explosions caused by the ignition of hazardous
matter from electrical arcs and sparks have become frequent
and the need for adequate specifications and rules for the
design and installation of electrical apparatus and wiring
in hazardous locations asserts 1tself very forcibly.

Attempts to guard against the ignition of these highly
flammable substances began with the first attempts of fire
underwriters to produce rules providing for the installation
of electrical wiring. In fact, the "Underwriters!" Electrical
Codes of the early 1890's provided for the use of vapor
tight globes for enclosing incandescent lights and their
sockets when in rooms where flammable gases may exist. In
the National Electrical Code of 1901 we find the subject more






thoroughly covered in Rule 17b which stated: "Switches, cutouts,
circuit breakers, etc., must not be placed in the vicinlty of
easily ignitable stuff or where exposed to inflammable gases,
_dust or to flyings of combustible material." Following this rule
was this fine print note: "In buildings used for starch or candy
factories, woodworkers, grein elevators or flouring mllls, or
other purposes, where fittings are exposed to dust and flyings

of inflammeble material, cutouts and switches should be placed
in an approved cabinet outside of the dust rooms, or if necessary
to locate same in the dust room, cabinet must be dust proof and
arranged with self closing door."

In subsequent editions of the Code we find similar rules
continued and additional regulations included to provide necessary
protection for motors located in dusty places. In the 1909
edition for instance, this rule is found in section 8 -"Motors:
must be covered with a waterproof when not in use and, if deemed
necessary by the Inspection Department having jurisdiction, must
be enclosed in an approved case., Such enclosures must be readily
accessible, dustproof and sufficiently ventilated to prevent
an excessiverise of temperature. Where practical, the sides
should be made largely of glass so that the motor may always be
plainly visible. The v se of enclosed type motor is recommended
in dusty places, being preferable to wooden boxing."

This same edition of the Code provides that: "When
switches are used in rooms where combustible flyings would be
likely to accunmulaté around them, they must be enclosed 1in
dust tight cabinets.”

Thus we see that many of the National Code rules for
hazardous locations were formulated, in intent at least, during
the early days of electrical development., Efforts were made in
succeeding issues of the Code to clarify and extend the rules
for these so-called hazardous locations in order to make their
application petter understood. It was left entirely to the
judgment of the inspection authority, without guidance, as to
whether or not the locations involved should be considered as
hagzardous.

With the 1923 edition of the Code came an entire re-
arrangement of subject matter by which the Code was divided
into & number of Articles, each of which treated a separate
division of electrical wiring or apparatus. In this issue we
£ind the formation of Article 32 carrying the title "Extra
Hazardous Locations," a single page outline of the precautions
necessary when electrical equipment was installed in locations
"where highly flammable gases, liquids, mixtures or other sub-
stances are mamifactured, used or stored, in other than original
containers,” However, there were still retained in the respective
general Articles of the Code the rules requiring the protection .
of lamps, switches, motors and other apparatus exposed to flammable
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dust or flyings. Although this rearrangement of the Code was a
step in the right direction, the desired results were not
entirely accomplished as the rules were distributed throughout
the Code in such a manner that a person desiring complete
information on the Code requirements for hazardous locations was
put to considerable trouble in attempting to select the rules
applying out of a great deal of matter.not directly concerned
with the problem at hand. : .

In 1911 the work of preparing the National Electrical
Code was passed from the Underwriters! National Electric Asso-
ciation to the National Fire Protection Association (N.F.P.A.)
under whose auspices it is still prepared. In addition to the
National Electrical Code, the N.F.P.A. sponsors a number of
other Codes on fire prevention and protection subjects. A survey
of these Codes made by the writer in 1927 revealed that many of
them contained specific rules for the installation of electric
wiring and apparatus in certain occupancies generally considered
hazardous by inspection authorities. Many of these electrical
rules differed widely both in wording and intent from the rules
in the Electrical Code in spite of the fact that these rules
were intended to protect against exactly the same hazards. For
instance, it was found that the N.F.P.A. regulations for Dry
Cleaning Plants, edition of 1925, provided that all wires for
lighting circuits be placed in conduit while the Electrical Code
permitted either armored cable or conduit wiring in locations
where highly flammable liquids were used. Such differences in
rules were found to be quite extemnsive throughout, and as a
result, there was considerable confusion in their application.
This may have introduced serious conflicts where municipalitles
or states had adopted both sets of regulations as parts of their
fire prevention ordinances. : :

Many inspection authorities considered the National
Electrical Code, in itself, an insufficient gulde for obtaining
the proper type of electrical installations in certain hazardous
occupancies. The natural result of this opinion was the develop-
ment of individual special rules and even special codes by
municipalities and insurance underwriters specializing in certaln
hazardous classes of plants. This trend presented a definite
obstacle to the adoption of the National Electrical Code as the
single American Standard, at least in point of usage. Speclal
rules and special codes work directly against the interests of
the much desired uniformity and, hence, it was felt that con-
siderable could be accomplished in the direction of general
acceptance by rewriting Article 32 of the Code to include complete
rules for all hazardous locations in the one Article. It was
also felt desirable to attempt to coordinate the many special
rules in other N.F.P.A. Codes in such a way as to make necessary
in them only a simple reference to the proper classification in
Article 32 of the National Electrical Code.






In 1927, at the suggestion of Mr., A. R. Small, Chairman
of the Electrical Committee of the N.F.P.A.,, the writer who had
been appointed Chairman of Article 32 Sub-Committee proceeded,
with the help of the members of his Sub-Committee, to make a
study of industry in general to ascertain in what industries
and to what extent there existed hazardous processes involving
or producing liquids, vapors, gases, dusts, fibers or other
hazardous substances of & highly flammable, explosive or easily
ignitable nature., This study was made through actual inspections
of representative plants and by reading avallable literature on
the subject. The published N.F.P.A, Codes treating the varilous
hazardous industries or processes were consulted, for 1t was
felt very desirable to include in the proposed Article 32 the
ideas of the writers of those Codes so far as 1t could be done
consistently. All available reports of fires and accldents
involving the hazardous conditions under consideration were
studied, for from such reports was obtainable the most accurate
information on the actual conditions existing in the fileld.

The report of Article 32 Committee which resulted from
this preparatory study was unanimously approved at the February
1928 meeting of the National Code Committee and subsequently
adopted by the N.FP,P.A., at its annual convention as an amendment
to the National Electrical Code. As presented at that time,
Article 32 consisted of three classifications, viz: Class I,
those locations dealing with flammable vapors, gases and liquids;
Class II, those dealing with flammable dusts; and Class III,
those dealing with combustible fibers and lint. The latter class
was subsequently divided so as to meke a fourth - Class IV,
which deals with the storage of cotton and other combustible -
fibers. Except for this latter and a few other minor changes,
Article 32 remains as adopted originally and so appears in the
latest (1931) edition of the Natlonal Electrical Code which has
been adopted as an American Standard by the American Standards
Assoclation.

From the many favorable remarks which has been heard,
the writer is led to believe that the new Article 32 has filled
a very definite need on the part of inspection authorities.
Considering the relative newness of the rules, thelr application
has been quite general and as a result, it is the opinion that
a marked improvement has been made in electrical installation in
hazardous locations. Some questlions of interpretation have been
raised, however, on some parts of Article 32. Thls 1s especlally
true of those parts in which the attempt is made to define the
conditions and processes which warrant the particular locatlion
involved being classed as hazardous.

Interpretations have also been requested at varlous
times on the meaning or application of certain rules. It is
the purpose of this paper to attempt to answer these questlons;
first, by discussing a number of typical materials and industries
for the purpose of determining where and to what extent hazardous
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conditions obtain; and second, by going into detailed explanation
of each rule, 1llustrating its application with drawings or
photographs of available apparatus or actual installations in

the fleld. Included also are a number of typical fire and
acclident reports involving hazardous locatlons which serve to
emphasize the importance of the subject.

It should be pointed out that the procedure in the
development of Article 32 1s reversed from that usually followed.
That 1s, the rules were developed before the electrical manufac-
turers had suitable apparatus avallable to comply with them.
However, considering the short space of time which has elapsed
since the Article was formulated, surprising progress has been
made and we now find complete lines of motors and control
apparatus of speclally approved types readily avalilable on the
market. Rapld headway 1s also being made in the design of suit-
able lighting fixtures, fittings and other devices specially for
hazrsardous locations,

Standards for the performance of motors,controllers,
fittings and lighting fixtures have been developed by the Under-
writers! Laboratories as have sultable apparatus and methods for
thelir testing. The manufacturers are making full use of these

facilitles.

It 1s gratifying indeed to witness such a complete
alignment of interests in this comparatively short space of time
in the effort to obtain safer electrical installations in the
hazardous industries. A marked tendency toward the reduction
of loss of 1life and property must surely follow.
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CLASSIFICATION

Containing a discussion of
(1) types and characteristics
of hazardous materials and,
(2) industries and processes
using or producing these
hazardous materials, as per-
taining to their classifi-
cation under the rules of
Article 32 of the National
Electrical Code.



CLASSIFICATION

EXPLANATORY

In the formation of the present Article 32 of the
National Electrical Code, it became apparent to those responsible
for its development that it was necessary to provide the proper
forms of apparatus and wiring to suit the particular type of
hazardous condition to which they would be exposed. For instance,
a motor which could be operated with perfect safety in an atmos-
phere of combustible dust might not be safe for operation in a
location where an explosive mixture of a flammable gas or vapor
and alr was present. Conversely, while it might happen that a
motor suitable for use in an explosive vapor and air atmosphere
would be safe for use in a dusty atmosphere, it seemed unfair to
require the installation of a motor designed to a more rigid
standard than the actual requirements demanded. Therefore, a
close study of the nature of each type of hazardous materlal was
necessary to make certain that the type of electrical installation
for locations where such material was used, stored or handled
was suitable and safe.,

While the term "hazardous material” in the larger sense
may mean a material which is a hazard to life and property
because of its ease of ignition, toxicity, combustibility or
susceptibility to spontaneous ignition, we are immediately con-
cerned only with 1ts hazard from the standpoint of the possible
effects of ignition of the material (or its vapors mixed with
alr) by arcs, sparks or high temperatures resulting from the
normal or abnormal operation of electrical apparatus and wiring.

Closely associated with the hazard of the material
itself 1is the process or manner in which it is used. To 1illus-
trate, let us assume a typical case of varnish or lacquer in
which a highly flammable volatile liquid,such as naphtha, is used
as the thinner. While such a preparation might be stored with
comparative safety in tightly closed containers on the shelves
of paint stores or in warehouses, a considerable hazard is
introduced when this same varnish or lacquer is used in connec-
tion with the spray finishing of furniture or similar goods.
Thus, a study of the processes involving the various hazardous
materials and the methods by which they are manufactured and
used was an important step in the formation of Article 32.

We shall, therefore, proceed to discuss, first the types
of hazardous materials, their properties and hazards, and
second, the processes, both specific and general, involving
thelir use and handling.






CLASSIFICATION
AS T0
TYPES OF HAZARDOUS MATERTALS

A survey of the field of commerce and manufacture
revealed that the various forms of hazardous matter could be
grouped into the followlng general types:

1.

2.

Se

4.

5.

6.

7e

Flammable liquids, which may be divided into two
classes, viz: ‘

(a) Volatile flammable liquids, those giving off
flammable vapors at ordinary temperatures.

(b) Relatively non-volatile flammable liquids,
those giving off flammable vapors at tempera-
tures not reached in their ordinary use.

Flammable gases, those gases which form flammable

or explosive mixtures with air as contrasted with
inert gases such as nitrogen, or gases which support
combustion such as oxygen.

Highly flammable solids, which might more fairly be
classed as explosives. '

Highly flammable mixtures, which in reality are
combinations either of a material in one of the
foregoing classes with a non-hazardous substance

as in the case of rubber cement, or a combination

of two or more materials of the same or separate
foregoling classes as in the case of pyroxylin lacquer.

Combustible dusts, which may be either carbonaceous
or metallic in nature, either in themselves easily

ignitable or capable of forming explosive mixtures

with air,

Easily ignitable combustible lints, fibers or
"flyings."

Combustible light material such as wood shavings or
paper trimmings.

It was found convenient to arrange these types of :
.hazardous materials into four groups and treat each as a separate
class insofar as electrical rules are concerned. In Section 3201
of the 1931 edition of the National Electrical Code, we find
these four classes defined as follows:

Class I locations are those in which flammeble volatile liquids,
highly flammable gases, mixtures or other highly






flammable substances are manufactured, used, handled
or stored in other than thelr original contailners.

Class II locations are those in which (1) combustible dust 1is
thrown or 1s likely to be thrown, into suspension in the
alr in sufficient quantities to produce explosive
mixtures or (2) those where it is impracticable to prevent
such combustible dust from collecting in such quantities
on or in motors, lamps or other electrical devices that
they are likely to become overheated because normal
radiation is prevented.

Class III locations are those in which easily ignitable fibers
or materials producing combustible flyings are handled,
manufactured or used and which are hazardous through
such fibers or flyings collecting on or being ignited
by arcing contacts, resistors, lamps or similar apparatus.
For combustlible fiber warehouses see paragraph e of this
section and section 3206 of this article.

Class IV locations are those in which easily ignitable combustible
fibers are stored or handled (except in rooms wherein
process of manufacture) and which are hazardous through
such fibers being ignited by arcing contacts, resistors,
lamps or similar apparatus.

It will be noted from these definitions that all of the
various types of hazardous materials previously listed are
included in what appears to be an entirely logical arrangement.
It was possible through this method of classification to draw
individual sets of rules for each class in such a manner that
all rules of each set apply with few exceptions to all conditions
met in the respective class. Such treatment is much to be
preferred to one in which an attempt is made to have one set of
rules apply to all conditions of use of all types of hazardous
materials.

The conditions represented by Class III and Class IV are
somewhat alike inasmuch as both treat with readily ignitable
materials of the lint type. However, Class IV locations repre-
sent those where easily ignitable fibers are stored. The rules
under 1t will be applied chlefly to the large cotton warehouses
common in the Southern States at terminal points and the majority
of these rules formerly appeared in the N.F.P.A. regulations on
"The Storage and Handling of Combustitle Fibers." The rules in
Class IV are somewhat more rigid than those in Class III for 1t
was felt necessary to take every precaution to prevent ignition
of stored fibers in large storages because of the high values of
property involved. The N.F.,P,A., Committee on "The Storage and
Handling of Combustible Fibers" has amended their regulations to
include only a simple reference to the rules of Class IV,
deleting its own detailled electrical rules.



HAZARDOUS MATERIALS
AND
THEIR CHARACTERISTICS

In order that the engineer may have a more complete
knowledge of the characteristics of the varlious hazardous
materials under consideration, 1t seems advisable to discuss
in some detall some of these characteristics. Matters such as
flashpoints, ignition temperatures and flammable limits of
vapors have an important bearing on the selection of electrical
equipment for locations where flammable liquids will be used.
Likewise, ease of ignition 1s of great importance in the cholce
of electrical equipment for dusty or linty locations.

It is not intended that the followling discussion be
considered a complete treatise on the subject. There are many
excellent publications available, as will be seen by referring
to the bibliography, which cover the subject very completely.

The examples of the hazardous materials given under each
type are partial lists only. Space would not permlt listing
every known hazardous material and its characteristics. However,
should the engineer encounter any material of the hazards of
which he is in doubt, he should submit the problem to the
Underwriters'! Laboratories, the National Fire Protection Asso-
ciation or other acknowledged and competent organization for
analysis. In the case of hazardous chemicals and flammable
liquids, the N.F.P.A. Committee reports and regulations will be
found very useful.

Flammable Volatile Liquids

The hazard incidental to the storage, handling and use
of flammable volatile liquids is an important and serious matter
in many industries. In some instances, such as in dry cleaning
operations, these liquids are used in an unmixed state, but the
important uses of flammable liquids in industry are represented
by their employment as vehicles or solvents for finishes, as
constituents of manufactured materials and as solvents for rubber
or similar substances for the purpose of reducing them to a
plastic state.

The handling of flammable volatile liquids in large
quantities has also become a serious problem for the fire
prevention engineer. Such handling involves the use of pumps,
piping and tanks, which, while introducing relatively little
hazard when in proper operation, become major hazards when
irregularities such as leakage or rupture of such equipment
occurs. Unfortunately, accidents of this type are not uncommon
and therefore, electrical apparatus and wiring must be designed
with full consideration given to such possibilities.
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In order that a clear understanding of the hazards of
flammable volatile liquids might be had, it is necessary that
one be somewhat familiar with their characteristics. To this
end let us first discuss the various terms associated with them.
This involves mention of volatility, flash point, ignition
temperature, flammable or explosive limits, vapor density, and
their definitions. :

Volatility 1s the tendency of a liquid to assume the
vapor state, that is, to evaporate. This tendency varies quite
widely for the various liquids. For instance, gasoline evaporates
mach more rapidly than kerosene, while paraffin oil evaporates
very slowly. For all liquids the volatility increases with rise
of temperature, and for any liquid there corresponds a temperature
below which it will not assume the vapor state in dangerous
quantity. This temperature then becomes a dividing line above
which a flammable or explosive mixture may be formed with the
surrounding air by the vapor from the liquid. The determination
of this temperature is of great importance in classifying the
hazards of a liquid. The flash point test 1is used when possible
in the case of liquids of both high and low volatility, to
determine the temperature at which liquid gives off vapors in
sufficient quantities to form a flammable or explosive mixture
with the surrounding air. This temperature is usually referred
to as the flashpoint of the liquid and has long been used by
fire prevention engineers as an approximate measure of the fire
hazard of the liquid. In cases where a liquid is composed of a
mixture of volatile ingredients, the flash point tests made by
the conventional closed or open cup methods are not a truly
reliable measure of the hazard of a liquid and therefore, the
tests must be supplemented by further tests, but discussion of
these tests 1is not within the scope of this work,

Aggarent Iggition Temperature, as applied to the vapors
given of y ammable qulds, 1s e designation given to the
lowest temperature to which any part of a vapor air mixture must
be raised by the application of heat, whether in the form of a
flame, spark or a hot surface, to produce combustion that will
propagate itself. The "apparent ignition temperature”" is of
great value for comparative purposes, and in indicating dangerous
temperature limits of exposure particularly in industrial
operations.

Flammable or Explosive Limits. In the case of most
flammseble llquids, there 1s a minimum as well as maximum concen-
tration of vapor in air below and above which, respectively,
propagation of flame does not occur on contact with a source of
ignition., These are known as the lower and higher flammable or
explosive limits and are usually expressed in terms of percentage
of vapor in air by volume. Between the lower and higher limits,
there 1s a certain concentration that will produce the most
intense combustion or explosion of which the vapor is capable.

It is this concentration that we attempt to secure, for instance,
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when we adjust the carburetors of automobile engines. The
difference between the two limits is known as the flammable or
explosive range., For gasoline, as an example, the lower 1limit
has been found to be approximately 1.4% while the upper limit
is spproximately 6%, giving a range of 4.6%.

Vapor Density is the welght of a given volume of vapor
as compared with the weight of an equal volume of air taken as
a standard under similar conditions as to temperature and
pressure. Consideration of vapor density is important as it is
an accurate indication of the behavior of vapors with respect
to their movement when released from containers such as tanks or
piping. For instance, we have found that gasoline vapor, which
is known to be heavier than air, has a tendency to collect in the
basements or pits of gasoline filling establishments. Many
serlous explosions have occurred in such locations because of
this tendency and as a result, the rules governing electrical
installations in such locations give full recognition to the
behavior of gasoline vapor and similerly with other flammable
volatiles, The following table gives the relative densities of
the vapors of several common volatile liquids:

Table No. 1.

Vapor Approximate Vapor Density
~apor
Alr equals 1

Alcohol Methyl

Gasoline (Mean value)
Kerosene (Mean value)

l.1
Alcohol Ethyl 1.6
Acetone 2.0
Ether Ethyl 2.6
Benzene 2.7
35
4,5

It 1s well known that when a gas or vapor has a density less

then that of air, it will ascend and tend to mix comparatively
rapidly with eir. On the other hand, relatively heavy vapors
will tend to descend and to diffuse or mix with air very slowly. °
In fact, the velocity of diffusion of a gas or vapor varies
inversely with the square root of its density, so the lighter
heavier-than-air vapors mix more rapidly than the heavier wvapors.

As an ald to fire prevention engineers, the Underwriters'
Laboratories have adopted a method of testing and listing
flammeble liquids which has been widely applied. A complete
explanation of this method 1s contained in a most excellent
brochure written by Mr. A. H, Muckolls, Chemical Engineer of the
Laboratories, entitled "Underwriters! Laboratories! Method for
the Classiflication of the Hazards of Liquids." The method, too
lengthy to be explained here, involves a general classification
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of liquids and embraces the assignment of the various flammable
liquids to positions on & numerical scale of hazard ranging from
0 to 110 as follows:

Table No. 2.

General Classification Numerical Hazard Rating Scale
Ether Class ’ ' 100 - 110
Gasoline Class 90 - 100
Alcohol (Ethyl) Class 60 = 70
Kerosene Class 30 « 40
Paraffin 01l Class 10 - 20

In explanation of the foregolng table, it should be pointed
out that pure ether 1s given a rating of 100; a standard kerosene
with a flashpoint of 100 degrees F. %closed cup tester) a rating
of 40; and paraffin oil with a flash of 440 degrees F, a rating
of 10.

The general practice of fire prevention engineers has been
to regard a flash point of 100 degrees Fahrenheit as the dividing
line on which to differentiate the volatility hazards of common
liqulds, in other words, to regard liquids of the kerosene class,
or higher in flash point temperature, as relatively non-hazardous.
For general practice, when such relatively low hazard liquids are
not heated, but are used at ordinary room temperatures, this 1is
probably a safe guide, but a careful investigation should first
be made of the uses and processes involving the liquid before
definite conclusions are reached.

In arriving at the numerical hazard classification, full
consideration has been given to vapor ignition temperatures. The
ignition temperatures of the vapors of most common liquids, par-
ticularly those of petroleum products, are considerably above
ordinary temperatures and usually high temperature sources of
ignition such as arcs, sparks, or flames are necessary to cause
fire. There are some vapors such as those of carbon disulphide
which have 1ignition points as low as 212 degrees Fahrenhelt

Since the Underwriters' Laboratories originated this
method of hazard classification of liquids, many commercial liquid
products such as solvents, thinners for paints and varnishes, floor
oils and many other have been tested and the results published
in the Underwriters' Laboratories! lists, Reference to these
lists will inform the engineer regarding the hagard of these
products.

In the following table will be found the hazard classification
of a number of common flammable liquids, together with their flash
oints, apparent ignition temperatures and hazard classifications.
ghis table is based on the table appearing in the brochure by Mr.
Nuckolls whih was previously mentioned.
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Table No. 3.

Liquid Flash Point Apparent Hazard
(Closed Cup) IggItion Classi-
eg. fahr. emperature fication
Deg. Fahr,
Acetone (C.P.) 3 1000-1050 90
Acetate, Amyl (Pure) Vi 750-800 55-60
Acetate, Butyl, Normal (C.P.) 84 700-825 55-60
Acetate, Ethyl (C.P.) 28 800-925 90
Acetate, Methyl (Anhydrous) 14 850-925 90-100
Acetic Acid, Glacial (99.5) 107 800-925
Acetic Anhydride (C.P.) 127 600~675
Alcohol, Amyl (Fusel 01l) 100 700-725 40
Alcohol, Amyl Sec. (Technical) 94 650-725 40
Alcohol, Amyl Iso ' 114 650-725 35-40
Alcohol, Butyl Iso (106-108°B.P.) 88 700-800 40
Alcohol, Butyl Normel (116-118°B.P.) 100 650-725 40
Alcohol, Denatured (Formula No. 5) 61 750-810 70
Alcohol, Ethyl (Absolute) 54 700-800 70
Alcohol, Methyl (C.P.) 52 800-900
Alcohol, Propyl Iso (81.5-82.1°B.P.) 61 750-850 70
Alcohol, Propyl Normel (96-98 B.P.) ™ 700-800 55-60
Aniline (C.P.§ 183 1000-1025
Aniline, Dimethyl (C.P.) 165 700-750
Benzol (C.P.) -4 1000-1060 95-100
Benzaldehyde (C.P.) 147 - 37
Carbon Disulphide (C.P.) -22 212-223 110 Plus
Ether, Ethyl (C.P.) -49 356 100
Furfural (54-55°B.P,/17mm.) 143 600-675
Gasoline (74-76 A.P. o)' 45 536 90-100
Hexane (From Petroleum) =15 500-565 90-95
Nitro Benzene (C.P.) 198 900-950
Petroleum Ether (40-60°B.P.) -69 624 95-100
Pyridine (C.P.) 74 900-1100 55-60
Toluene (C.P.) 48 1050-1125 75-80
0-Toluidine (83-85°B.P./15mm.) 202 900-1000
Xylene (138-139°B.P.) 86 900-1150

Several additional flammable liquids were included in
the original 1list some of which are ordinarily considered
hazardous only from the standpoint of contributing to the
spontaneous ignition hazard, a subject with which we are not
immediately concerned,

This table is not intended to include all flammable
volatile liquids encountered in industry, but does probably
contain those most commonly found. Two widely used flammable
volatile liquids are the so-called naphtha and benzine neither
of which will be found in Table No. 3. In the petroleum
refinery industry, benzine is that fraction of the oil which
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boils between 158 and 248 degrees Fahrenhelit. Its hazard rating
is slightly higher than that of gasoline, name}ly, 100. Naphtha 1is
a term formerly applied to a petroleum distillate of a definite
specific gravity, but 1s now generally used to include any
petroleum distillate with a flash point less than 280 degrees
Fahrenheit. It also has been given a hazard rating of 100.

The use of the information given in Table No. 3 is best
1llustrated by assuming a typical case where gasoline 1s being
used as a solvent in an open tank within a building. We find by
referring to the table (Table Ny, 3) that gasoline gives off
flammable vapors at a temperature as low as minus 45 degrees
Fahrenhelt, that 1s, at much below ordinary room temperatures.

We can then expect that a considerable amount of gasoline vapor
will be present in the vicinity of the tank, and, unless con-
tinually effective means are provided for the removal of these
vapors they will diffuse quite repidly, mixing with the alr
probably in explosive proportions. All that is needed then, is

a source of ignition having a temperature equal to or higher
than the apparent ignition temperature of gasoline vapor which,
from the table (Tgble No. 3), we f£ind to be 536 degrees Fahrenheit.
An electric spark or arc occurring in the open in this atmosphere
would be sufficient to cause ignition as would the temperdure
reached by the frame of an open motor in event of burnout. Con-
sequently, these factors must receive full consideration in
deciding what types of electrical equipment are safe in such
atmospheres,

Flammable Gases

Fiammable gases form explosive mixtures with air in the
same manner as do the vapors of flammable liquids which we have
previously discussed. The hazards of the two classes of matter are,
therefore, quite sinrilar from the viewpoint of the fire prevention
engineer. The same problems of storage, handling and use are
present, and as in the case of flammable volatile liquids, it is
true that if 1t were possilble to positively confine flamma®tle gases
within tanks and piping or within the stoves, heaters, ovens or
other devices speclally designed to consume the gas, the hazard
involved in connection with flammable gases would be slight. However,
experience has shown that leaks develop in tanks and piping, that
pumps or compressors become defective from wear and rupture, and
that very often in the process of manufacture of gas the retorts
and other appamtus burst. Naturally, when such an accident occurs
within a bullding, the room or often the entire structure is
filled with a highly explosive mixture of gas and alr, lacking
only a source of ignition to cause havoc. Such occurrences have
been only too frequent and electrical hazards have been con-
tributing factors in many of them.
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viithin recent years we have witnessed the introduction of
various hydrocarbon gases in liquified form for use in communities
where natural or manufactured 1lluminating gas was not svallable.
We have also seen marked extension in the practice of piping
natural gas to polnts far remote from the gas fields., These
developments have had the effect of introducing explosion hazards,
especislly in pumping or compressing stations.

In the following table will be found listed a number of
flammable gases with thelir commonly asccepted explosive limits,
densities and ignition temperatures:

Table No. 4.

Explosive Limits Relative Apparent

In Percentage by Welght Igrition

Volure, To Air,  Temperature

Deg. Fahr.
Illuminating Gas 7 - 21 #6565 1094
Hydrogen 9¢5 = 6645 «069 1031
- Acetylene 3e2 = 52,2 «898 948 - 959
Ethylere 4,2 - 14,5 « 967 1071 - 1110
Ethane 3e3 = 10.6 1.0494 950 = 1152
Propylene ' 1,451 927 - 952
Propane 2e3 = T3 1.505 870.8
Carbon Monoxide 16,6 - 74.8 0967 1177 - 1497
Butane 1,6 = 645 2.01 806
Methane 566 = 13.5 « 5876 998,.,6
Hydrocyanic Acid Gas 5.6 = 29,8 725

Of the liquified hydrocarbon gases used for heating and
lighting purposes, butane and propane are very common. These
are often sold under trade names as in the case of Blau Gas, named
after its inventor., Pintsch Gas 1s a product made in much the same
manner as ordinary coal gas except that petroleum is decomposed
rather than coal,

Highly Flammeble Solids

In this cless we may place many commerclal solid sub-
stances which might well be called explosives, for in the final
analysis, the only distinction between ordinary combustion or
bgrning end explosion is the rate at which the action takes
place,
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Gunpowder, dry picric acid, nitrocellulose, nitrosophenol,
naphthalene and pyroxlyn plastic are prominent examples of highly
flammable solids which may be encountered.

I, the more usual manufacturing operations, pyroxylin
plastie, better known as "celluloid", probably represents the most
hazardous material found. It 1s a material which 1s used to a great
extent for the manufacture of many types of goods, including
toilet articles, photographiec film, artificial leather, billiard
balls, plano keys, and a host of others, Its manufacture and use
involves great hazard for its ignition point is extremely low,
probably in the neighborhood of 300 degrees Fahrenheit and may,
therefore, be ignited by any slight spark or arc, or even by the
heat of an incandescent lamp. It burns very rapidly and com=-
bustion 1s attended by the rapld evolution of explosive and
poisonous fumes or vapors. It 1s stated that 1000 pounds of
pyroxylin plastic will form from 3000 to 85000 cubic feet of
vapor. This decomposition may begin at a temperature much lower
than that of actual ignition and with it occurs a gradual rise
in temperature which in itself may be sufficient to cause fire,
Considerably more will be said on this subject in discussion to
follow.

Highly Flammable Mixtures

Many substances, in themselves non-hazardous from the
standpolnt of ignition points and combustibility, are formed
into hazardous materials or mixtures when low flashpolnt solvents
are used to place them in solution or to form a paste. When the
process or use involves the solution of a hazardous material in
an equally hazardous solvent, the resultant hazard 1s usually
greatly maltiplied, .

Ag a representative mixture of the class first mentioned,
we have rubber cement which 1s usually dissolved in gasoline or
naphtha. This type of cement 1s used in many processes in the
rubber industry, often iIn such a manner that the rooms in which
operations take place have a very appreciable amount of gasoline
or naphtha vapor present, necessitating adequate artificial
ventllation and rigid precautions to remove sources of ignition.
Of the second class, where a hazardous solid 1is dissolved in a
flammable volatile liquid, a good example is" afforded by pyroxylin
spray finishes or lacquers of which "Duco" 1s a popular trade
brand. These finishes or lacquers consist of pyroxylin or nitrated
cotton, in themselves hazardous, blended with the desired oil and
pigments and mixed with very flammable volatile solvents and
thinners such as, ethyl acetate, butyl alcohol, acetone, amyl
acetate, benzol and high test benzine. We have already discussed
the component parts of such mixtures and the hazards associated
with them. More will be said about the general process of spray
finishing in another. chapter.
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Following are a few commonly found mixtures which are classed
as hazardous:

Paints, lacquers, Japans and varnishes which employ flammable
volatile solvents or thinners as veh{gIes or drying agents,

Rubber cements consisting of gum rubber dissolved in
various solvents such as gasoline, naphtha or benzine. -

Pyroxylin lacquers or varnishes consisting of pyroxylin.
or nitrated cotton dissolved 1n a solvent such as amyl acetate
and frequently diluted or thinned with benzol or an alcohol.

Collodion made up of a solution of nitrated cellulose in
ether and alcohol or in some other solvent,

Cleaning fluids which are often undiluted benzine or
naphtha, slthough there are some flulds which are non-hazardous,
and others which are only hazardous in the same degree as
kerosene, such as Stoddard's solvent,

Combustible and Explosive Dusts

"Combustible dusts, whether of a carbonaceous or metallic
nature, form very explosive mixtures when mixed with air in proper
proportions. The theory of dust explosions is very similar to that
of flammable vapors or gases. Various dusts have definite flammable
or explosive limits as do vapors, and there must be present a
source of ignition of sufficient intensity to 1:nite the dust and
alr mixtures, ‘

Considerable research and experimental work has been done
in an attempt to determine the characteristics of various dusts.
As a general thing, 1t has been determined that any dust from a
highly carbonaceous material, or from any material which will burn,
will explode under proper conditions. In the carbonaceous dust class
will fall dusts such as coal dust, flour dust, starch dust, grain
dust and wood dust. While metallic dusts such as of aluminum and
bronze are not generally said to be combustible, it is a proven
fact that they are explosive under proper conditions.

When a finely divided combustible dust 1s in suspension
in air so as to give access to an abundant supply of oxygen,
combustion once started, usually proceeds with explosive rapidity.
The force of a dust explosion cannot be appreciated until one
has had the opportunity of viewing its effects. The writer has
seen reinforced concrete walls seven inches or more In thickness
shattered into bits by a grain dust explosion. In a cereal mill
explosion, 1t was reported that debris was found at a distance
of more than two and one half miles from the plant.
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Dust explosions, especially those which involve grain
elevators and flour mills, occur in a series of two or more
explosions of increasing intensity. The primary explosion is
usually of a minor intensity, but the forces set up are of
such a nature as to dislodge other dust which 1s in turn ignited,
producing an explosion of magnified volume and destructiveness.

It 1s not the intent to discuss at great length the
theory of dust explosions. For those who wish to study the problem
further, they arereferred to an outstanding work on the subject,
"Dust Explosions™ by Drs. Price and Brown of the U. S. Department
of Agriculture.

Statistics show that common sources of ignition of dust
and air mixtures have been electric ares, sparks and overheated
electrical machinery or devices. Hence, the need for special
consideration of the type of electrical installation which should
be permitted in dusty locations,

There are two angles of the case which require treatment
as has previously been pointed out; first, those where combustible
dust 1is thrown or likely to be thrown into suspension in the air
in sufficient quantities to produce explosive mixtures; and,
second, those where it is important to prevent such combustible
dust from collecting in such quantities on or in motors, lamps,
or other electrical devices, that they are likely to become over-
heated because normal radiation 1sprevented. In the first, the
rules in the body of Article 32, Class II are designed to prevent
ignition of suspended dust by electrical arcs or sparks originating
from the operation of switches, fuses and the brushes of motors
or the breakage of electric lamps. In the second case we consider
the ignition of dust through overheating of motors because normal
radiation of heat 1s prevented by accumulations of dust on the
windings of the motors and in theilr ventilating slots, or the
ignition of dust by heat from electric lamps or resistorse.

To 1llustrate, consider a modern flour mill with an up-
to-date dust collkecting system and adequate housekeeping. It is
probable that dust would not accumulate in open type motors to
such a degree that overheating would result, yet it would be
extremely important to remove to & non-hazardous location motors
of the brush type unless the brushes and slip rings were enclosed
in dust tight housings or the entire motor enclosed. In this
there is present a’'problem of mathematical probability of an
electrical fault occurring at the same moment when dust is in
suspension in the air in explosive proportions. More will be said
of this later, but for the time, suffice it to offer the suggestion
that only the most rigid precautions be enforced to eliminate
sources of ignition in view of the human lives and property values
which might be sacrificed in event of an explosion coming as the
result of too great a dependence on the result of applying the
principles of probability.
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Following are typical examples of dusts which have been
definitely classed as explosives:

Graln Dusts Spice Dust

Rice Dust Cocoa: Dust
Starch Dust Sulphur Dyst
Flour Dust Hard Rubber Dust
Wood Dust Dextrine Dust
Coal Dust Sugar Dust

Cork Dust

Easily Ignitable Combustible Fibers

Easily ignitable combustible fibers have proven to be
decidedly hazardous materials due to the ease of ignition and the
speed at which flames spread through them when once ignited. hen
a fibrous material such as cotton is distributed in the form of
lint or "flyings" in a thin film over machinery and building
members, a fire travels with almost explosive speed through the
entire room. Such fires are usually called "flash fires,

When fibers are compressed into bales and wrapped with
bulap, the apparent hazard would seem to be redvced. However, in
baled storage there 1s usually sufficient loose lint protruding
from the bales to permit travel of fire over the surface with
amazing speed. Very often smouldering fires are left in individual
bales after the primary flash fire, and these are very difficult
to extinguish.

Many vicious fires have occurred in the large terminal
cotton warehouses, especially in those of the less modern type
where the warehouses are of several acres in area without filre
cut-off partitions. Large property values are usually present,

In manufacturing operations involving combustible
fibers such as in the picking department of cotton mills, in
mattress factories and in upholstery works, the primary hazard is
somevhat increased due to the fact that the materials are handled
in 1ight, loose form offering ample surface for ignition and
combustion. However, the amount of material present is considerably
less than in the terminal warehouses and, therefore, the actual
property loss may be somewhat smaller,

In cotton ginning plants we find cotton in a very loose
form and in the gin building it is not usual to find much lint
clinging to machinery, building members and lamp cords. ‘he amount
of cotton in the gin house at any one time is usually small, but
a fire once out of control 1is difficult to extinguish. The bad
fire record of cotton gins attests to the hazards involved.
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Electrical hazards occupy a prominent position in the
list of causes of fires in the combustible fiber industry. The
breakage of electric lamps, overheated motors, sparks from
motors and short circuits have all been prominent figures in
disastrous fires. The need for a superior type of electrical
installation for such industries has been clearly shown.

While cotton is probably the most common of the combust-
ible fibers, others are of importance. The following list in-
eludes most of those commonly found: . .

Cotton Tow

Sisal or Henequen Cocoa Fiber
Ixtle - Oakum

Jute Baled Waste
Hemp Kapok
Spanish Moss Excelsior

Combustible Light Material

In this class are included paper, wood shavings, wax-
coated papers and similar materials which, while comparatively
easily ignitable, are not to be considered as hazardous as the
others previously discussed. In some types of industries, how-
ever, the amount of material present renders the hazard a real
one, as a fire once started in transmitted with considerable
speed, especially when the material is in loose form.

In the case of paper, we do not have the hazard of
collection of the material in the windings of motors,on lamps,
or within switch boxes as might be the case with wood shavings
or sawdust. Therefore, the classification of the hazards of
this type of material, from our viewpoint, is not as definite
as in the case of other types of hazardous materials.

The engineer is required to make a complete study of
possible conditions in each instance in order to determine
what precautions should be taken in the choice and installation
of electrical equipment. Ordinarily, only reasonable enclosing
of sparking apparatus is necessary to provide the needed safe-
guards.
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CLASSIFICATIOR

AS TO
INDUSTRIES AND PROCESSES

General Procedure

Having discussed the characteristics of the various
hazardous materials we shall now consider the industries and
processes which produce, use, or otherwise handle these materials,
in an attempt to determine where and to what extent special con-
sideration must be given to the selection and installation of
electrical equipment.

In the fine print notes following the definitions in
Section 3201 of the 1931 edition of the National Electrical Code,
some guidance is given to the engineer to assist him in deter-
mining in what industries or processes the hazards specified in
the bodies of the definition were likely to occur. These fine
print notes suggested the following for the respective classes,

Class 1. This class may include such locations as some
parts of dry cleaning and dry dyeing plants,
pyroxylin plastic manufacturing plants, spray
painting establishments, gas plants, varnish
manufacturing plants, and establishments or
industries involving similar hazardous pro-
cesses or conditions.

Class 2. This class may include sueh locations as some
parts of flour mills, feed mills, grain
elevators, starch plants, sugar, cocoa and
coal pulverizing plants, and establishments or
industries involving similar hazardous pro-
cesses or conditions.

Class 3. This c¢lass may include locations such as some
parts of cotton and other textile mills, com-
bustible fiber manufacturing plants, cotton
gins, clothing manufacturing plants, cotton
seed mills, woodworking plants and establish-
ments or industries involving similar hazard-
ous processes or conditions.

Class 4. This class may include locations such as ware-
houses in which are stored or handled combust-
ible fibers, such as cotton (including cotton
linters and cotton waste), sisal or henequen,
ixtle, jute, hemp, tow, cocoa fiber, oakum,
baled waste, kapok, Spanish moss, excelsior
and other similarly readily ignitable fibers.

It is obvious that it would be impractical to attempt
to 1ist all hazardous industries or processes in these fine
print notes and endeavor to point out with any degree of exact-
ness the extent of the hazardous area. Some of the more prom-
inent examples of industries and processes are included, how-
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ever, which were for the purpose of giving the engineer some
1dea as to what type of hazards were intended to be covered by
each respective class.

As the introductory rule of Article 32, (Rule 3201a),
there appears the following: "The provisions of this article
are intended to apply to locations in which the authority en-
foreing this Code judges the apparatus and wiring to be subject
to the conditions indiceted by the following classifications.
Where the apparatus and wiring are installed in rooms or
sections in which the particular hazardous conditions do not
prevail, such wiring and apparatus may be of the type approved
for such locations. For garages see Article 33." From this
rule it is seen that the authority enforcing the Code is
charged with the responsibility of determining where and to
what extent the apparatus and wiring are subject to the hazard-
ous conditions. Without some knowledge of the hazards of
materials and the processes involving their use, the engineer
or inspector enforcing the rules will encounter considerable
difficulty. The second sentence of this rule suggests the
possibility of so 1solating electrical apparatus from the
hazardous area that it will not be subject to the hazardous
conditions. Considerable use is made of this alternative where
all machines are required to operate coincidentally in which
the motors and controllers, for instance, can be located in a
separate power room cut off from the hazardous area. However,
in instances where machines are not required to operate at the
same time, such 1solation of motors may cause serious hazards
to be introdueed by the many additional bearings, belts and
possibly clutches that would be required. In other words, the
result of removing one form of hazard from a hazardous area
may cause the introduction of additional hazards of a more
severe nature. Overheated bearings, static electricity
generated by moving belts and friction sparks in clutches have
proved to be frequent causes of fires and explosions. The con-
struction of motor rooms or other enclosures may entail con-
siderable expense and so the advantage, from an economic stand-
point, may often favor individual motor drives using motors
approved for use in hazardous locations. As applied to motor
controllers these might also more economically be of the type
approved for hazardous locations and placed in the hazardous
area, when controllers are few in number or are so widely dis-
tributed that grouping in a specially built control room is
impracticable.

The power losses occasioned by the additional bearings,
belts and clutches and the convenlience attached to individual
motor drives are also an important consideration in determin-
ing whether or not motors should be isolated from the hazard-
ous area.

In the fine print notes suoted above it should be noted
that use 1s made of the words: "May include such locations as
some parts of," and a word or two in explanation of this phrase
may be valuable. Probably the best 1llustration is afforded
by considering a dry eleaning establishment. In the first
place, if sueh an estadblishment employed none but a non-
flammable solvent or cleaning fluid such as carbon tetra-

chloride, it would not be considered a hazardous location and,
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therefore, would not be subject to the rules of Article 32.
However, if a flammable volatile solvent such as naphtha were
used and the establishment were divided by standard fire cut-
offs into several departments, only those departments where the
naphtha vapors were present in the atmosphere would be con-
sidered as hazardous locations.

This would usually eliminate, if cutoff as mentioned,
the receiving department, the dusting room, the boiler room and
the shipping department, but there would remain in the hazardous
classification the dry cleaning room, drying room, spotting room
and the solvent storage and recovery departments,.all subject
to the rules of Article 32, Class I locations.

From the above analysis it is clear that considerable
study must be given individual cases because of the many factors
which have besring on the matter of classification. It is
admittedly a difficult task to arrive at definite conclusions
if the plant has not been placed in operation. However, there
are several general suggestions which may serve as aids. These
include:

1. A thorough study of the processes involved including
an investigation of the liquids, gases or solid sub-
stances which are to be used, scrutinizing these
materials from the standpoint of ease of ignition,
volatility, explosibility and general hazard rating.

2. A careful checking of the machines or devices which
are to be used. This to determine whether or not the
hazardous materials will be confined within tanks,
drums or piping, or whether or not there will be a
possibility of leakage into the open room, either
during normal operation or through accidents.

3. An inspection of the layout of buildings, either from
building plans or by actual visual inspection. This
to determine whether one small section of the plant
should be thrown into the hazardous classification
or whether or not the hazardous conditions extend
to all parts.

4, Consulting and co-operating with other inspection
authorities, particularly Underwriters' special
hazards inspectors and engineers who are familar with
conditions in establishments of a nature similar to
those under consideration.

5. Frequent reinspections of plants involving hazardous
processes or conditions to determine what conditions
prevail during actual operation.

6. A study of statistics and reports on fires and
accidents suffered in properties where hazardous
processes are involved.

Matters such as ventilation, mathematical probability,
housekeeping, confinement of hazardous materials and cutoffs
also have important bearings on classification and extent of
the hazardous area. Possgibly a few remarks on these factors

as affecting classification, will not be amiss.,
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Special Considerations

Ventilation: In previous discussion it has been pointed
out that vapors, gases and dusts have definite explosive or
flammable limits. Obviously then, 1t would be practical to
arrange a natural or artificial ventilation system which would
reduce the amount of the vapor, gas or dust in a room or bullding
so that the resulting mixture would be below the lower flammable
1imit of the vapor, gas or dust involved. The N.F.P.A. regulations
on "Blower and Exhaust Systems" provide the necessary instructions
for the installation of sultable artificial ventllation systems,
which regulations have been adopted by the wvarious N.F.P.A.
Committees dealing with hazardous processes or industries. These
are generally applied to new construction and probably deal with
the situationquite satisfactorily.

In actual practice, however, it would be folly indeed to
place full confidence in such a ventilating system to remove enough
of the vapors, gases or dusts to render the remalning mixture below
the lower flammable limit under all conditions. Unusual weather
conditions, the failure of the ventilating system, and the
probability of insufficlent capacity of the ventlilating system
under adverse conditions, are factors which might be the indirect
cause of a serious explosion if complete falth were placed in the
ventilating system,

Na tural ventilating systems, consisting of vent pipes
directed to the out of doors from the hazardous areas are even
more unreliable. Conditions of humidlty, direction of wind, and
wind velocity greatly affect the value of natural ventilation and,
therefore, i1t cannot be depended upon to consistently do the
work for which 1t was designed.

In practically all instances, the engineer 1is forced to
eliminate from consideration entirely, the possible value of
ventilating systems in his attempts to determine the extent of
a hazardous area.

Mathematical Probabilit;: It is obvious that in order to
obtain an exploslon a number of conditions must prevail coincidentally.
First, there must be an available supply of flammable vapor, gas or
dust; second, a supply of oxygen; third, the vapor, gas or dust
must be in admixture with oxygen (or air) in proportions within
the flammable or explosive limits; and fourth, there must be present
at the moment the mixture 1s within the flammable or explosive
limits a source of ignition of sufficient intensity to ignite
the mixture.,

What then 1s the mathematical probability that all of
these conditions might obtaln at the same moment? In extreme cases
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i1t is probable that this would not occur 99 times out of 100, yet
at the 100th time, conditions might be just right for a disastrous
explosion or fire which might destroy many human lives and
thousands of dollars in property value.

The writer has knowledge of many instances where motors
burned out or electric lamps were broken in extremely dusty
atmospheres in grain elevators without an explosion, due, probably,
to an "over rich" mixture of dust and air, that i1s, one above
the explosive limit. Had the mixture been less "rich", undoubtedly
an explosion would have occurred. It 1s probably due to this
condition of widely varying mixtures that explosions in grailn
elevators are not even more frequent than records indicate.

No one can presume to estimate the mathematical probabllity
of coincidence of conditions necessary to an explosion of vapor,
gas or dust mixtures and, therefore, the engineer should not
consider this factor 1n selecting apparatus or making installations
where the condlitions may be present at any time. It is far better
to err on the side of safety than to gamble against the probability
of conditions being such as to produce an explosion.

Housekeeping: The standard of cleanliness maintained in a
plant has an important bearing on the fire hazard. Thls applies
to the electrical fire hazard as well. It is a foregone con-
clusion that opportunity for ignition by an electrical arc in a
factory manufacturing articles from pyroxylin plastic where waste
material is permitted to accumulate on floors and work benches,
is much greater than in a similar factory where waste is promptly
deposited in covered metal receptacles.

Similarly, in a flour mill of modern design, with an
adequate dust collection system and with a high standard of
housekeeping, one could probably install an open squirrel cage
motor with perfect safety on some floors of the mill building, as
excessive accumulations of dust in the motor windings would not
occur. Yet in a flour mill of less modern design, with an
inadequate dust collectlon system and under poor supervision, one
should expect even an open squirrel cage motor to be a serious
electrical fire hazard.

Thus, on this basls, the engineer would feel justified
in discriminating between two factories involving ildentical
fundamental manufacturing hazards so far as a proposed electrical
installation is concerned. On the other hand, he has no assurance
that the favorable conditions of housekeeping, supervision and
general arrangement wlll be continued indefinitely, and were he
to approve a type of installation based on a high standard of
maintenance, a change in management might cause conditions to
decline to such a degree that the most rigid stasndard of elec-
trical construction would not be sufficient.
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Faced with such considerations, the engineer must, to a
large extent, disregard housekeeping, maintenance, and general
supervision in determining the type of apparatus and wiring to be
installed. The only possible exception is to permit open squirrel
cage motors in certain parts of flour mllls and feed mills as
will be discussed later.

Confinement of Hazardous Materlials: In many types of
processes hazardous materilals are handled in what are designed
to be entirely closed continuous systems. These may be so de-
signed primarily in the interests of economy as in the case of
volatile liquids where a closed system 1s necessary to avold loss
bty evaporation. In other instances the materlals are so handled
in order that working conditions for employees might be improved
and in others to reduce fire hazards. Usually an effort 1is made
to keep such systems in good order and free from leaks. Yet,
with even the best of maintenance, leaks develop, contalners are
ruptured or piping tursts because of mechanical disturbances.
Should such acclidents happen in a room or section of a building,
which might not otherwise be classed as hazardous, such a location
would immediately be subject to classification as a hazardous area.

As an example, let us consider a bulk gasoline unloading
station where gasoline 1s pumped from tank cars to storage tanks.
The pumps, usually electric driven, are generally located in a
small pump house. In normal operatlion there 1is little gasoline
vapor present in the pump house, but should a pipe connection
develop a leak or the pump packing "blow", the pump house would
immedlately be filled with explosive vapor. Should an open arc
from a switch or a motor occur at that moment, an exploslon would
surely result.

Thorough study must be given individual cases to determine
just how much speclal dispensation should be given processes where
the hazardous materials are handled in closed contlnuous systems.
Here again the best gulde is to err on the side of safety in case
of any doubt,.

Fire Cut-0ffs: The modern manufacturing plant does not
usually consIst of a single area as in the older types of plants.
Due to efforts of fire prevention engineers, factories are now
built so as to distribute the various processes or facilities into
several separated buildings, or into several rooms or departments
in the same building, each cut off from the next by standard fire
walls. The first thought in this actlon was to separate the raw
and finished products from the hazardous manufacturing operations.
With the introduction of unusually hazardous finishing processes,
such as spraying and dipping, we find a trend toward further
division by confining these hazardous finishing operations to
separate rooms or sections cut off from theremainder of the actual
manufacturing section. Thus, rather than grading the entire
factory on the btasis of the most serlous hazard, namely that
assoclated with spray or dip finishing processes, 1t 1is possible
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to grade the factory as a whole on the basis of a portion being
high hazard (the finishing processes), a portion medium hazard
(the assembling and forming processes), and a portion low hazard
(the storage of non-hazardous raw and finished products.)

The benefits of such sub-division extend to the electrical
installation also, as under the conditions stated in the pre-
ceding paragraph it would be necessary to follow Class I rules,
probably only in the room or section containing the finishing
processes, while in the actual manufacturing section it is
probable that only the rules of Class 3 or even of only the
general Articles of the Code need be applied, and in the case of
the storage sections only the latter.

Therefore, the arrangement of the factory, refinery, mill
or whatever the plant may be has much to do with the extent of
the hazardous area.

In the less modern plants, it is not uncommon to find
a hazardous process in the midst of other operations with no
attempt at 1solation. In such cases the engineer is justified
in considering a large portion of the plant as being in the
hazardous area depending on the nature of the hazardous process.
As an example, let us consider an o0ld style mattress factory.
In such a plant the fiber and tick stock is probably stored in
one end of the room from which the fibers are fed into pickers
by hand and then blown into the ticking until the desired quantity
has been inserted. The sewing is then completed and the mattress
carried to the storage and shipping department. It is difficult
to imagine any part of such a factory which would not have a
1iberal quantity of fiber lint clinging to woodwork, machines
and other objects and for that reason the engineer would probably
specify compliance with Class 3 rules.,

As has been stated previously, it is difficult to fore-
cast the extent of the hazardous area, but in the following the
writer will review some of the prominent industries and processes
and attempt to advise regarding classification and extent of the
hazardous area.
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INDUSTRIES AND PROCESSES
— _AND THEIR
CLESSTIFICATION

FINISHING PROCESSES

In our consideration, finishing processes include the
application of protective and decorative coatings to metal or
. wooden manufactured articles. Such coatings may be of paint,
varnish, japan, laequer or enamel and may be applied by brush,
by dipping or by spraying. In general, and except for pyroxylin
lacquers, the hazards of these finishing materials are those
associated with the use of highly flammable volatile solvents
" and thinners such as benzine, alcohol, substitute turpentine,
benzol, amyl, acetate and others.

In the case of pyroxylin lacquers employing a base of
cellulose nitrate either gun cotton or pyroxylin, the hazard is
multiplied due to the fact that not only are the vapors of the
solvents and thinners almost always highly flammable, but the
bases themselves are of what might be termed an explosive nature.

In large scale manufacturing operations, it is practically
imperative that these highly volatile thinners and solvents be
used, for modern efficiency would not permit the use of the slow
drying olls such as linseed or similar oils alone, and depend
entirely on absorption of oxygen from the air for drying or
hardening of the finish. '

Very often specially bullt ovens or closets are provided
for the drying or baking processes and these are frequently
heated to hasten evaporation of the solvent and thinner.

In most of these finishing operations there are present,
therefore, definite hazards in the form of highly flammable
vapors in the atmosphere in and surrounding the application and
drying departments, its extent depending upon the effectivenes
of the ventilation system. .

Not all finishing materials should be classed as highly
hazardous from our viewpoint. For instance, some enamels
consist of drying oil varnishes containing finely ground pigments
without highly flammable thinners or solvents and are not classed
as hazardous from the standpoint of easy ignition. Others of
the non-hazardous class are water-jspans and paints containing
only drying oils and pigments. But it should be emphasized that
the addition of hazardous thinners to any of these materials,
such as is necessary to promote quick drying, immediately
transfers them to the hazardous class. The engineer should
make careful investigations as to the type of material which
is to be employed.
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In the application of the coatings, the following
methods are used:

The Brush Process is used more commonly in small scale
operations and the work usually dried in the air without special
heat. Therefore, it 1s common to find benzine, substitute
turpentine or other volatile thinners freely used.

The Diggigg Process used in both small and large scale
operations consIsts ol submerging the articles in an open tank
of the coating material. The degree of hazard as before is
dependent on the type of thinner used, naphtha, benzine and
alcohol being the most common. When higher flash point thinners,
such as kerosene or turpentine are employed, the hazard is
materially lessened, but the vapors of all are flammable to a
greater or lesser degree. After the articles have been dipped,
they are usually placed or hung on continuous conveyors which
travel through a heated drying oven to hasten evaporation of

the thinner. In smaller plants the articles may be dried by

the "batch" method in which the articles are simply hung on
racks in drying ovens or cabinets and removed when dry. 1In
either case, a considerable amount of flammable vapor is present
within the oven or dryer. While some dependence is placed on
artificial or natural ventilation for the removal of the vapors,
it is imperative that all sources of ignition be removed or
guarded.

The Spray Application of coating materials has come into
very wide use and 1ts growth has been attended by numerous fires
and accidents. Spraying is usually done in booths or under
hoods, all ordinarily equipped with positive artificial means
of ventilation. The booths vary in size from that required to
accomodate small articles of furniture to the mammoth tunnel
type booths required for railroad coaches and automobile bus
bodies. Air brushes are used to secure an even and smooth
finish. The coating material may be paint, varnish, japan or
enamel consisting of a mineral, resinous or oil varnish usually
thinned with a flammable volatile 1iquid such as alcohol, naphtha,
benzine, or substitute turpentine to permit of ready flow. But
more hazardous from our standpoint are the pyroxylin varnishes
or "lacquers" which have already been mentioned. Wwhen such
materials are used in spray finishing, we not only have the
atmosphere charged with the vapors of a highly flammable solvent
or thinner, but also with a fine dust or residue which is in
itself an explosive. This dust or residue is highly combustible
and very easily ignitable, decomposing at low temperatures,
often spontaneously. It is found that the dust forms a coating
on the interior of the spray booth or hood and in the vent pilpes
connected to it, necessitating extreme caution to prevent
ignition. The hazard of this type of lacquer is considerably
reduced when a base of cellulose acetate is used rather than
cellulose nitrate, but we still have the hazard of the thinner
to contend with. Much could be written regarding the hazard of
pyroxylin spraying operations, but space does not permit.
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All rooms or departments containing finishing processes,
including the drying or baking ovens, should be considered as
candidates for classification as Class I locatlions except those
where non-hazardous finishing materials are used. A possible
exception might also be made in the case of small scale operations
where only a quart or two of the finishing material 1s exposed
at a time and spplied by the brush method,

In factories where the painting, dipping or spraying
operations are of considerable volume, separate cut-off rooms are
provided for the storage and mixing of the paints, varnishes and
lacquers. Here we usually find open containers in which the
mixing 1s done and as a result, when flammable volatile thinners
are used, we can expect that considerable explosive vapor will be
present, the amount depending upon the efficiency of the ventilating
system. Where pyroxylin varnishes are used the hazard is, of
course, much greater. Often the stirring, mixing and clarifying of
these materials are done mechanically by motor driven agitators.

It 1s necessary that these rooms be conslidered as Class I locations
and all lighting and power apparatus and wiring installed
accordingly.

The flammable volatile liquids used as thinners and
solvents, and sometimes the varnishes also, when used in large
quantitlies are generally stored in underground tanks outside of
buildings. This necessitates the employment of pumplng apparatus
to transfer the liquids from the tanks to the mixing room. The
hazard of this operation is similar to that d eseribed under "Paint
and Varnish Manufacturing" in this thesis to which section reference
should be made,

The extent of the hazardous area 1s a matter for conjecture.
When spray booths or hoods, which effectively confine the vapors
and residue and which are adequately ventlilated, are used, it
is probable that the hazardous area may be considered to extend
to a distance of from ten feet to twenty filve feet, depending
on arrangement, beyond the spraying operations. In the case of
dip tanks and drying ovens, it is necessary to consider the
entire room containing this equipment as a Class I location, for
with open dip tanks it i1s probable that the hazardous vapors will
diffuse quite thoroughly throughout the room, especially in event
of failure of the ventilating system.
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THE PETROLEUM INDUSTRY

The petroleum industry may be divided into several
divisions as follows:

l. Production in the oil filelds.

2. Transportation by pipe lines, tank cars or ships.
3. Refining.

4., Storage.

5. Distribution.

In the first division we are dealing with erude petroleum
which should be considered a hazardous flammable liquid as the
lighter petroleum vapors are given off at ordinary temperatures.
Due conslderation must therefore be given the proper installation
of electrical apparatus in or about places where these vapors are
likely to be present in explosive mixtures. In the o0il filelds
such locations are 1llkely to be the enclosed pump houses at the
rigs or elsewhere where pumps are driven by electric motors and
in which electric lighting may be employed. Such pump houses and
any other similar buildings are to be designed as Class I locations.
Motor driven pumps located in the open without enclosure would
probably not be in a hazardous atmosphere due to the dilution of
the mixture by the free circulation of alr. However, it 1is
possible that the burning out of an open type motor would cause
sufficient heat to ignite the oil or its vapors and therefore,
the use of motors approved for Class I locations is to be recommended
even when in the open,

In the second division, transportation, there 1s little
application of electrical safety rules except in the case of long
pipe lines where pumpling or booster stations are located at
intervals along the course of the pipe line between the oill
fields and the refinery. The pumps of such stations are often
electric motor driven and this, with the fact that the stations
are ususlly electric lighted, warrants the room or compartment
in which the pumps are located being classed as Class 1 locations
and the electrical equlipment meeds to- be Installed accordingly.

In the refinerg, the third division of the industry, we
find first, the hazards of pumping the oill from the pipe lines to
storage tanks, and the precautions sucgested in the preceding
paragraphs apply. From these storage tenks the crude o0il is pumped

to steam or fire heated stills where the o1l is distilled fractionally,
producing the lighter liquids such as benzine and naphtha first,

then gasoline and on. down to the residue of paraffin and tar. The
process of cracking has come into conslderable use. This process

is, in effeCt the destructive distillation of certain components

of petroleum to secure a preponderance of certain products, in

late years, notably motor gasoline. The hydrocarbon gases, ethane,
propane and butane are evolved when petroleum is heated and, when
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these are collected from the stills and compressed, they yleld a
liquid usually called cymogene. The principal constituent is
butane, a gas at ordinary temperature and pressures, and this as
well as ethane and propane are readily flammable., These gases
are used for heating and lighting and as refrigerants. Attention
is called to the discussion und:r "Compressed Gas Systems.”" Re-
distilletion gpparatus is often provided to effect greater
purity and uniformity. To remove offensive sulphur odors often
present in the raw gasoline and kerosene and to improve color,
deodorizing and decolorizing facilities ere provided usueally
consisting of large upright shells called"agitators™ where the
liquids are treated with acid, water and neutralizing wash. These
"agitators™ are cenerally associated with other towers where
filtration, neutralizing and other treatment proceeds. After final
treatment, in accordance with the needs of the particular grades
of products, the liquids are pumped to the storage tanks,
From these tanks the oils are withdrawn for distributlion by tank cars
or trucks. With the exception of offices, shops, lubricating oil
warehouses and probably laboratories, there are few, if any,
buildings of an oil refinery which should escape classification
as Class I locations. There is much hahdling of oil by pumps and,
although internal combustion or steam engine power 1s used to a
considerable extent, electric power is gaining in use, Electrical
hazards have long been recognized in o1l refineries and an attempt
has been made to protect agalnst these hazards by isolating motors
ard control apparatus so as to place them outside of the hazardous
area, but this 1s not always a convenlent procedure.

In the fourth division, storage, we find the various
petroleum oils stored in buried or anve ground tenks at the
refinery and at the bulk or wholessale distributing stations.
There are no electrical hazards conneded with such storage except
in the process of pumping oll from tank cars to the storage tank,
Centrifugal or rotary pumps are used for this duty and these are
usually motor driven. In some cases, these pumps and motors are
placed in the open without enclosure, but more often are located
within pump houses or even in a warehouse used Jointly as a
storehouse for lubricating oils, salesroom and as a shelter for
the pumps and their driving motors. Attempts have been made to
divide the pump house into two compartments, one containing the
pump and the other its motor anmd control aspparatus., Unless the
partition so dividing the pump house is practically vepor-tight,
it should not be depended upon to prevent the passage of vapors
from the pump compartment to the motor compartment. The proper
protection of the shaft opening also presents an obstacle which is
difficult to surmount. One method often used is to place the
motor and its control apparatus outside of the pump hovse in

the open air, but this is not convenient nor practical in many
cases. It i1s certain that the room or compartment containing the
pump or pumps must be classed as a Class I location with regard
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to both the lighting and power installations. Attention should be
called to the concludinc section of thisrpaper on "Loss Record"
which lists several fires and explosions originating in oil pump
houses from electrical causes.

In the distribution of petroleum products, the fifth division
of the industry, we are concerned first, with the delivery of the
gaso line or kerosene or other liquild petroleum products to the
buried tanks at gasoline filling stations or industrid plants.
Such delivery 1s generally accomplished by tank trucks which are
filled by gravity or by pump from the bulk station tanks or tank
cars, and emptied into the buried tanks, The hazard of pumping
is simrilar to that discussed in the preceding paragraph and needs
no further comment, With the introduction of motor driven gasoline
discharge devices, (or meter pumps), into sutomobile filling
stations, a considerable hazard might have been introduced had
not fire prevention englneers been quick to sense the need for
compliance with rigid standards regarding the nature of the motor,
and its wiring and control apparatus with which the device is
equipped. The standards of the Underwriters! Laboratories specify
compliance with Class I rules before approval of discharge is given.
In the ordinary filling station we usually find the discharge
devices or pumps on an "island"™ under or immediately beyond a
canopy attached to the station shelter or office. The hazardous
area, coming und-r the rules of Class I locations may be assumed
to be confined to the discharge devices or pumps themselves and
does not extend to the interior ofthe shelter. The construction
of the discharge devices and their wiring will be considered
later in this paper. When discharge devices are installed within
ﬁarage buildings, the rules of Article 33 "Garages", of the

ational Electrical Code apply and, therefore, this phase of the
problem will not be dlscussed here.

PAINT AND VARNISH MANUFACTURING

Paint consists princlpally of a pigment and a vehicle with
which are usually included "driers" and solvents. In the preparation
of the plgments there are no electrical hazards from the standpoit
of Article 32 except for possible minor dust explosion hazards in
the pulverizing of carbonaceous material in the preparation of
black pigments. The various drying olls used in the manufacture
of paints are of high flash point type and therefore do not easily
give off flammable vapors. However, to reduce the viscosity of
paint to permit of ready application, a volatile solvent 1s used,
comonly turpentine, but often more flammeble volatlles such as
naphtha and benzine. In the manufacture of paints, special pre-
cautions need be taken so far as the electrical installation 1is
concerned, only in that section where the thinners are added and
in that where the finished paint is strained and placed in
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contalners. The thinninz is done in tanks equipped with
mechanical stirring apparatus, usually motor iriven. The
presence of these flammable volatile thirners in more or less
open containers and tanks results in the evolution of a con-
siderable amount of vapor in the room or section where these
materials are handled and, therefore, the application of the
rules of Class I is required. In small plants the thinners
may be received and dispensed out of drums. Reserve supplies
are usually stored in a detached bullding, and if the drums
are kept sealed no special precautions are needed with regard
to any -electrical avparatus installed in the storage house.
If drums are opened in this detached building, the lighting
installation and any other electrical wiring or apparsatus in
it must comply with the rules for Class I locations. In large
palnt factories, the thinners are handlei in guantities large
enough to warrant their purchase in tunk car quantities. This
involves storage in outside buried tanks and a pump installa-
tion to transfer the liquid into the main factory as needed.
The pump house or comnpartmznt, rhether within or outside the
main building, becomes a Class I location andl must be treated
accordingly.

Varnishes arz ol several types including natural var-
nish, oII varnish (which dries by oxidation), spirit varnish
(which dries throuch evaporation of solvent), pyroxylin var-
nish, and water varnish, Some of these are often referred to
as enamels, japans and lacquers. Inasmuch as there are no
unusual electrical hazards assocliated with the preparation
or use of natural and water varnishes, we shall not discuss
them here. 011 varnish 1s produced by melting resin, boiling
with a drying oil, thinning with turpentine or other solvents,
cooling, filtering, ageing and finally packing in containers.
The process of adding the thinner is practically identical
wlth that discussed in the manufacture of paint. Obviously,
the hazards are ldentical to those of psint manufacture from
our viewpoint, and the rooms or sections from the point where
the thinners are introduced up to the point where the con-
tainers are sealed must te considered as Class I locations,.

Spirit Varnishes are made by dissolving a resin such
as rosin or shellac in alcohol, acetone, benzine or turpentine.
The preparation is accomplished by placing the resins and sol-
vents in revolving wooden drums or in a wooden tank kept
agitated until the resins are thoroughly dissolved. The
usual straining and packing process follows. The use of large
quantities of flammable volatile solvents requires complliance
with the rules for Class I locations throughout, excepting
the warehouses where the resins and sealed containers of the
finished products are stored. The handling and storage of
the solvents are of a simllar nature to that discussed under
paint manufacture and the hazards are identlcal,







35

Pyroxylin Varnishes or Lacquers, as they are more fre-
quently called, are made by dissolving a cellulose nitrate,
elther guncotton or pyroxylin in a solvent. Amyl acetate or
"oanana 0il" is the solvent most commonly used. To this solu-
tion, flammable volatlle thinners such as benzol or alcohol,
are usually added to obtain free flow of the liguid, esvecially
when intended to be used in spray painting processes, The
process of manufacture is extremely hazardous snd usually
more stringent requirements than those imrosed ™y the rules
for Class I locations are observed. There are several tyves
of special Japans, varnishes and enamels manufactured, includ-
ing clear pyroxylin lacquers for coating brass articles.

In some instances bronze or aluminum powders are combined with
clear pyroxylin lacquer to prccuze lacorative effects. The
preparation of the lacquer is attended with the same hazards
as discussed under pyroxylin varnishes with the addition of
the dust e:.nlosion hazard when the bronze or aluminum powders

are prepared.
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DRY CLEANING AND DRY DYEING

The removal of dirt, grease and stalns from clothing,
textiles, rugs and other similar articles by the use of a liquid
solvent 1s known as dry cleaning. While non-flammable solvents,
such ss carbon tetrachloride, are sometimes used for small scale
cleaning, the use of a flammable volatile solvent such as naphtha
is almost universal in dry cleaning operations due to 1ts effective-
ness and quick drying qualities, Efforts have been made to develop
a high flash point cleaning solvent, and of these Stoddard's
solvent 1s an example. This material 1s used to some extent,
but because of its reported slow drying and clinging odor
it is not entirely satisfactory. Therefore, in tre large majority
of dry cleaning plants, we can expect the use of a highly
flammable volatile solvent,

There are four common methods of dry cleaning as
follows:

1,"Scrubbing” by immersion and agitation in the solvent
in open vessels.

2."Scouring” by brushing the article with the solvent
or solution,

3. "Spotting™ by the local application of the solvent
or solution to remove spots or stasins, usually to
supplement methods 1 or 4.

4., "Washing" by immersion and agitation ir the solvent
in closed contailners,

Scrubbing is the method emplcyed when the character of the
articles to be cleaned 1is such e to prevent their being cleaned
by the more usual method of "washing®™. Such articles are placed
in a tub or other vessel contalning the solvent where they are
scrubbed by hand. Various 1lnsurance regulations and governmental
ordinances have imposed severe regulations on the use of this
method, one of which states that not more than a total of three
gallons of flammable volatile solvent shall be exposed in open
containers. Even with amount of solvent there is considerable
explosive vapor in the atmosphere of the room and necessarily
such a room comes definitely under the Class I classification.

The Scourlng method entails hazards similar to thoseof
scrubbing. However, in this method the article to be cleaned
is laild on a table and scoured or brushed with a hard brush
and the solvent, usually naphtha. As 1n the preceding method
the amount of flammable solvent permitted to be exposed 1is
limited to three gallons, and as before, this room also should
be classed as a Class I location,
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Spotting as before stated, 1s usually an adjunct to the
other megﬁoas of cleaning to remove spots not removed by the
other methods. It consists of applying the solvent locally to
spots of grease, paint or dirt. Very often a mixture of solvents,
such as one of naphtha and carbon tetrachloride or alcohol and
carbon tetrachloride, is used to produce a solvent of high flash
point. However, there is no assurance as to the composition of
such mixtures and, therefore, to be safe, one should treat them
as hazardous liquids. After the articles are "spotted" they are
hung on racks to dry and are then pressed. Although fire preven-
tion regulations stipulate that the flammable solvents used shall
be limited in quantity to one quart, and this in safety cans, it
may be reasonably expected that there will be considerable ex-
plosive vapor in the spotting room, especially where a consider-
able volume of cleaning 1s done and therefore, the spotting

room should be regarded as a Class I location. The spotting
method is that commonly used in small pressing parlors and in small
hat cleaning establishments. It 1s not intended that such small
establishments be made subject to all of the rules for Class I
locations, but reasonable precautions should be taken to avold
electrical arcs or sparks in the vicinity where the flammable
solvent 1s used. Numerous fires of electrical origin have
occurred in such hat cleaning places.,

The Washing method i1s the one most cormonly employed and
i1s probably ol most importance to us due to the involved nature
of the process. In this method the articles: to be cleaned are
tagged, searched for forelgn materials, and then placed 1n a
dusting machine where loose dirt 1s removed. The articles are then
placed in the washing machines., These are machines in the form
of cylinders arranged to revolve and having openings capable

of being tightly closed, for the insertion of the articles to
be cleaned. When the articles are in the machine the cylinder
is partially filled with the solvent, usually naphtha, and the
cylinder revolved for a certain time. The solvent 1s then drawn
off and the clothes removed and placed in an extractor. The
extractor consists of a basket arranged for rotation within a
metal shell, in effect, a centrifugal drier. This 4is the first
drying operation, after which the articles are transferred to
drying tumblers where the drying 1s completed. The drying
tumbler consists of a cylinder of wire screeninz enclosed
within a tight metal housing. Heated 2ir 1s ciraulated through
the housing while the cylinder 1s revolved by mechanical means,
causing the articles to be tumbled about while exposed to the
heated air. This alr is exhausted to the outside. After drying
by this method is completed, the articles are removed, spot-
cleaned, if necessary, and then pressed. The regulations of

the N.F.P.A. provide that if the drying equipment 1s not in a
separate building, that it be in a room cut off from that con-
taining the washers by a standard fire wall.
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An important part of dry cleaning operations is the re-
covery of the solvent and the facilities used in handling the
solvents, Regulations require that flammable solvents be
stored in buried tanks. This requires pumps with a system of
piping leading from the tanks to the washers. After the
liquid has been drawn from the washers, it is necessary that
it be clarified to permit its being used again. The centri-
fugal clarifier is used for this purpose, it being located near
the washer when the continuous system of clarification is used.
For further purification of solvents, stills, condensers and
settling tanks are used.

It 1s clear that in all of the locations of a dry
cleaning plant so far mentioned, there 1s opresent or likely
to be present, a considerable quantity of flammable vapors.
Necessarily then, they must be classed as Class I locations,
including the rooms containing the washers, extractors, tumblers,
clarifiers, stills, condensers and pumps. Ventilation is impor-
tant, and in the more modsern plants considerable effort is made
to obtaln proper ventilation. DMNotor driven fans are used, these
being elther mounted in the wall or in the ventilating ducts.
Dry cleaning plants have long been recognized as a hazardous
class, for many state and municipal ordinances even yet prohibit
the installation of motors and controllers in dry cleanineg and
drying rooms. However, in meny instances these ordi nances are
being amended permitting the installation of electrical appar-
atus, provided the requirements of Class I are met. This will
permit the use of individual motor drives on the various machines,
eliminating what may have been more severe hazards introduced
when group drives were used, and the motor located outside of
the hazardous area. This latter practice usually involved
long line shafts with numerous bearings and considerable rapidly
moving belting, thus presenting the posslibility of overheated
bearings and static discharges from belting, both of which have
been the cause of many fires and explosions in dry cleaning
plants. Of the areas or sections which mlight not be considered
subject to Class I rules are the delivery room the receiving
and dusting room and the boiler room, provided these are so cut
of f as to be free from flammable vapors.

D Dyelng is the process of dyeing materials or articles
in a so ion of dye colors and flammable liquids. This necess-
itates the use of drying equipment and the operations are attended
by the evolutler cf flemmable vepérs in the rocm or section in
wrich tre dyelng orerations are carried on. Cfuch rooms or sec-
tions should be classed es Cless 1 locations,
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GAS WORKS

Illuminating gases used in this country are of two
varities, known as coal gas and water gas.

Water Gas is manufactured usually by the Lowe process
which depends upon the decomposition of water in the form of
steam in contact with incandescent coal or coke contained in a
generator. The gases so produced are led into contact with a
spray of partially vaporized oll and the two are passed over
highly heated surfaces, first in a carburetor and finally 1n a
superheater, resulting in the gasificatlion of the oill vapors
fixed in the presence of non-luminous water gas. This forms a
thoroughly fixed and permanent carbureted water gas. The
generator, carburetor and superheater sre steel shells lined
with fire brick with sultable openings for charging and firing.
The gas i1s now ready for purification which is accomplished
by the washer, to remove tar; the washer, scrubber, to effect
further removal of tar; the condenser, to cool and purify the
gas; the shaving scrubber, to remove moisture from the gas and
take out what little tar remains. The gas at this point contains
carbon dioxide and sulphuretted hydrogen which are removed by
oxide purifiers sometimes located within a buillding, but in newer
installations in the yard partly buried. The gas now passes
through meters into the familar gas holders and thence into
the pipe distribution system. .

Coal Gas 1s made by the destructive distillation of
coal in Tetorts externally heated. The retorts are filled with
gas coal and allowed to heat for five or six hours, The heat
causes the evolution of the volatile gases leaving behind in-
candescent coke which is drawn off, cooled and finally dumped
in the yard. The gas, as 1t leaves the retort, passes into a
standpipe, the outlet of which dips below a water or weak
ammonia seal in what is termed the "hydraulic main." This causes
the gas to be cooled somewhat as well as causing the removal of
the bulk of the tar and ammonia liquor, A large drum 1s attached
below each hydraulic main in which the tar collects. An exhauster
fan now draws the gas through a condenser which further cools
the gas and removes more of the tar and ammonia. The balance of
the tar i1s removed by the tar extractor through which the gas
now passes. The scrubbers come next in the process, these belng
for the purpose of separating out the naphthalene and ammonia
that remains. As in the water gas process, the oxide purifiers
éffect final purification in removing hydrogen, sulphide, carbon
disulphide and carbon dloxide and the gas 1s now passed through
meters and thence to the storage holders ready for distrinution.
As byproducts in the marmfacture of coal gas, coke, tar and
ammonia liquor are derived. The latter is sometimes reduced to
ammonium sulphate by distillation and surface contact with
sulphuric acid, and sold in the solid form. The tar is shipped
to chemical plants where it is used as the basis for the
production of a variety of dyes and other chemicals,
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The possibility of leakage of gas 1s present continually
during the process of gas manufacture, especlally in the con-
denser building, purifier room, meter room, valve and governor
rooms. Special precautions to remove all sources of ignition
are lmperative., All parts of gas plants should be regarded as
Class I locations with the exception of the office building,
shops, change and locker building and similar buildings not
assoclated with the actual production of gas. In some coal
gas plants, facilities are provided for the crushing of coal
and in both water and coal gas plants considerable quantities
of coal are handled. It is very probable that in some of the
less efficiently arranged plants the dust conditions incidental
to this handling of coal are such as to warrant classifying
the coal handling and coal crushing departments as Class II
locations,
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CHENMICAL WORKS
Genersal

Owing to the extremely large variety of chemicals being
manuafctured and the many and varied types of processes employed,
it is obviously impractical to attempt to include herein a
discussion even approaching completeness. Chemlcal works, as such
should not all be thrown indiscriminately into the hazardous
classification. Many are concerned with the production of heavy
chemicals of a nocn-hazardous nature, Some may produce relatively
non hazardous products, but the processes or materials employed
in their making may be extremely hazardons. On the other hand,
the materials, and often the methods, used in the manufacture
of a distinctly hazardous product, may be of a relatively dafe
nature. Hence, the need for detalled study of each individual
case as 1t sppears, to determine what the hazards are and
what precautions need be observed in the selection and in-
stallation of electrical equipment. There are some types of
processes which are sufficiently general and important to warrant
brief discussion.

The production of the acids, nitric, sulphuric and hydro-
chloric, as well aa the less common boric, hydrofluoric and
phosphoric acids, is not usually attended by hazards of ready
flammability in materials or products and, therefore, little
if any, application of the rules of Article 32 is involved
in the works where they are made. This is also true of many
of the heavy chemicals and alkaline salts such as sodium
sulphate, sodium bisulphate, alum, sodium carbonate (except
when made by the electrolytic process which may introduce the
hydrogen explosion hazard), and others,

Ammonla Manufacturing

Ammonia is manufactured by several processes including the
synthesis method which is dangerous because of the free hydrogen
evolved during one step of the process and the production of coal
gas as the base from which the needed gases are obtained. The
sections where this work i1s carried on are clearly Class I
locations due to the extremely explosive nature of hydrogen and to
a lesser degree, coal gas, Thecyanamid process 1s used to a con-
siderable extent and, briefly, consists first, of forming lime
by the calcining of limestone in a kiln. The lime and coke 1is
then fed into electric furnaces thus forming caleium carbilde
which 1s pulverized and brought together with nitrogen in the
presence of electric heat to form cyanamid. The nitrogen used
in thls method is usually produced by partial distillation of
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11quid air and therefore, a plant for the purpose of liquifying
and distilling air is an adjunct to the main process. Ammonia
gas 1s formed in the next step by introducing water ani caustic
soda into a large steel cylinder called an autoclave which 1is
then charged with powdered cyanamid. The autoclave 1is then
sealed and the reaction started by means of steam and it

then continues by its own heat. The final step involves the
neutralization of nitric acid with ammonia and the evaporation
of the solution to secure the salt, ammonium nitrate, which

is crystallized and dried. With the cyanamld process are
associated several forms of electrical hazards which require
the application of the rules of Article 32, First, the handling
and pulverizing of coal which may introduce dust explosion
hazards in the section of the plant where this is done, thus
requiring compliance with rules for Class II locations. The
production and handling of calcium carbide may entall the
evolution of acetylene should it come into contact with

water, hence, the need for applicatlion of the rules under

Class I to prevent ignition and subsequent explosion. The
danger point for ammonium nitrate is 330 degrees Fahrenhelt
and should the material become too dry 1t can be easlly ignited
by a spark, flame or overheating. Considerable electrical
apparatus is installed in plants producing ammonium nitrate

by the cyanamid process, due to the use of electrlc furnaces
and the rules for Class I locations should be followed as far
as they apply. '

Wood Distillation Products

The distillation of wood in closed retorts is an important
chemical process as there is produced, in addition to charcoal,
either by condensation or auxiliary chemical processes, a wide
variety of valuable materials. These include acetic acid, wood
alcohol, carbon monoxide, methane, acetone, metacetone, aldehyde,
acetylene, naphthalene and hydrogen. In strictly chemical
works, the gases, carbon monoxide, methane and hydrogen are
piped back and burned under the retorts. The liquid which
results from the condensation of the volatiles driven from the
wood by distillation 1s a complex material known as crude
pyroligneous liquor. This, in the form of the condensate,
separates into three layers, namely, tarry olls, pyroligneous
acid and tar, each of which may be drawn off at different
levels in the condensers. From the tarry oils and tar, creosote
and tar olls are obtained. The pyroligneous acid 1is commonly treated
with lime or sodium carbonate and distilled té give wood alcohol
and brown acetate of lire, or is distilled to give wood alechol
first, following which the acid is neutralized with lime to form
gray acetate of lime. These acetates sre d'ten involved in
further processes to form acetone, acetic acid and other
chemicals or solvents. Frequently the acetates are shipped
and further treated at a separate plant,
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The hazards, from our viewpoint, associated with wood
distillation plants are those represented by the presence of
the vepors of alcohol, scetone and naphthalene. The handling
and storage of liquld alcohol and acetone are also hazardous,
requiring electric motor driven pumps in many instances. All
gsections of a wood distillation plant from the retorts to
storage and shipping department should be considered as Class
I locations, Shops, office buildings, laboratories and similar
buildings where the hazardous conditions are not present are
naturally eliminasted.

Coal Tar and Its Products

As in the case of wood tar, a host of varied products
are obtained from the tar produced from the destructive distilla-
tion of coal., Coal tar is a by-product of coal gas plents and is
also secured from by-product coke ovens. The industry may be
divided into four parts which we shall discuss indlvidually,

Coal Tar Distilling Plants, the first division, are
generally in conjunction with gas or coke works and the chief
operation is that of distilling. By the first distillation
processes the coal tar is separated into several fractions,
namely; light oil, middle or carbolic oll, heavy or creosote
oil, anthracene o1l and residual pitch. The light o0il 1s re-
distilled, washed and purified and then fractionally re-
distilled, yielding benzol, toluol, xylol ard solvent naphtha,
all flammable volatile liquids, Some of these such as benzol
or benzine are used as raw materlals for intermedlate dye-
stuffs end explosives. The middle o0ill is usually permitted to
settle in large pans, allowing crude naphtha to crystallize
out. These crystals are then washed, melted and purified
in agitators with sulphuric acid and neutralized with caustile
soda, It is finally redistilled and becomes the final white
product famliliar to us in the form of moth balls. It is a
hazardous material as has been previously pointed out. After
the naphthalene has been taken out of the middle oil there
remains phenol and cresol. This 1s treated with caustic sods,
causing the phenol to separate as an olly layer which 1s drawn
off fractlorally, distilled and redistilled. Neither phenol
nor cresol are particularly hazardous, but the former, more
comronly known as carbolic acid when'in the refined form, 1s
used in the manufacture of high explosives and dye stuffs. The
heavy oil 1s generally used as a preservative for wood rallroed
ties and plling without further treatment and is known to the
trade as creosote. The anthracene oil 1s permitted to settle
in pans and ufter artificial cooling yields anthracene, a
crystalline substance. This is washed in solvent naphtha and
purified by treatment with caustic, distillation and further
washing with ngphtha. Anthracene is the base for alizarine dyes,
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a valuable group and is not in itself hazardous from our view-
point. The pitch, the residue of the coal tar, is cooled when
drawn from the still and solidifies iIn the barrels used for
its shipment. It is employed for roofing materisls and road
making. :

It will be noted that practically throughout the process
of coal tar distillation, we are deeling with the distillation
and handling of flammable volatlle liquids and in the case of
naphthalene, with a highly flammable solid. Speclal efforts are
made to divide the plant into a number of fire areas, either
by the comstruction of separate bulldings or by fire walls,
Class I rules should prevall for the installation of electrical
equipment in all departments except those where the heavy oll
and pitch are handled, provided these are likely to be free
from explosive vapors, The power house, offices, laboratories
are likewlse exempted as they are usually outsicde the hazardous
area, Some consideration may have to be given to the electrical
installetion in the power house if pulverized fuel 1s used, In
this case, a portion of the power house may be classed as
a2 Class II location.

Coal Tar Intermediates, the productiorn of which forms the
second divisIon of the industry, involves processes which develop
raw materials or bases for the manufacture of explosives, dye=-
gtuffs and tanning materials from the coal tar distillates
which were discussed in the preceding section. Hence, the term
"intermediates.” The mamifacture of these intermediates 1is
carried on in plents or unlts morear less separate and distinct
from others. The more important coal tar distillates used in
the manufacture of Intermediates are benzol, toluol, naphthalene,
phenol, and anthracene. The operations and processes by which
intermediates are prepared are so great in number and nsture
that volumes could be wrltten on that subject alone. It should be
emphasized, however, that in most cases, flammable volstile
liqrids or highly flammable solids are involved, necessitating
extreme caution in the selection and installation of electrical
apparatus and requiring compliance with Class I rules in all
locations where these hazardous materials or their vapors are
Ykely to be present. Careful study of specific processes and
plants is necessary to form an accurate opinion of the conditions
which may be expected. ‘

Coal Tar Dye mamfacture 1s the third division of the

. coal teT Industry and, as in the case of the intermediates, there
is a vast number of dyestuffs and a wide variation in the
processes by which they are made. Without going into detail, it
should be mentioned that the manufacture of most dyes 1s attended
by hazards ranging from those involving the g6 of £larmeble
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solvents to those where nitration processes are used which result
in materials which are at times high explosives. As an example,
nitro dyes are made from the nitration products of phenol and
include the explosive pieric acid., The grinding of dyes to

reduce them to powdered form may also introduce severe hazards
from our viewpolnt, as there may be present in the room cr
section where the grinding is done considerable finely divided
flammable dust. Here, &s in the case of intermediates, the engineer
is forced to study each case individually. In some instances,
more rigid precautions than those prescribed by the rules for
Class I locations may needs be applied, even to the extent of
excluding all electrical apparatus from certain locations,

Coal Tar Explosives whose production represents the
fourth dIvIsTon of the Industry, are made by the nitration of
distillates or intermediates such as benzol, toluol or phenol
which yield mono-nitro benzol, tri-nitro-toluol (T.N.T) and
picric acid respectively. Necessarily, extreme care is taken
bo remove all sources of ignition when these materials are
mace and handled, and in this connection, due attention 1s given
to the installation of electrical apparatus. In some cases,
even electric lights are placed outside the hazardous area
with glass covered openings provided to permit the entrance of
light into the hazardous area. The mamufacture of these ex-
plosives is usually in the hands of firms which are thoroughly
aware of the hayards involved and who take upon themselves
full responsibility for the safety of employees and property.

General Organic Chemical Processes

In the production of organie chemicals generally, there
are several processes which might well be discussed briefly at
this point 1In an endeavor to assist the engineer to determine
the treatment of proposed electrical installations.

Sulponation 1s the process of treating a hydrocarbon
with sulphurlc acld, sometimes encouraged by the application of
heat and pressure., Materials commonly sulphonated are benzol and
naphthalene, and in the process one canr expect the evolution
of flammatle vapors,

Chlorination 1s the process of treating a hydrocarbon
with hydrochlorlic acid in kettles or closed retorts. Toluol and
benzol are frequently involved in chlorination processes, and
in many cases thelr vapors, which are explosive, escape into the
room and may be ignited by flames and electrical sparks or arcs,

Nitration consists in treating an organic material with
mixed suWlphurlic and nitric acid. Here again we have a condition
where the flammable vapors of the material, such as benzol,
toluol or phenol may be liberated into the room.
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Reduction may be described as the removal of oxygen from
a compound and, in organic chemical processes, this is often
done by use of zinc dust. In the process, flammable liqulds as
solvents may be used and, therefore, the possibility of
explosive vapors being liberated is present.

Distillation is perhaps the most common process found in
chemical works. Stills are used in connection with the refining
and purifying of a large variety of materials. Ruptures of stills
through corrosion, weakness or excessive pressures are not un-
known and such accidents taken with breakage of piping liberates
in many cases, larce quantitles of explosive vapors,

Sublimation 1s the process of distilling a material in which
the condensate 1s deposited. in the form of solid particles.
The sublimation of naphthalene 1s a typlcal example. The solid
particles are often in the form of a finely divided dust and
when these escape from the subliming chambers or connections
the room may be filled with the fine explosive dust or vapors,.

Fusion is the melting together of substances in fire
heated pans or kettles. The fusion of sulphur and anthracene
is a typical process. The hazard of the fusion process is
probably not as great from our standpoint as some of those
previously described, but this depends on the materials used.

Grinding of dyes and other chemicals is a process
frequently useg. The grinding is done by ball mills, hammer
mills and, sometimes buhr mills. Where the materials ground
are of a metallle or flammable nature, the dust explosion
hazard 1s active, especially in event of liberation of the
dust into the roome. It is usually quite impossible to maine
tain the grinder and 1ts connections perfectly tight so the
issue of dust in some quantity is common,

Dryers are used to a considerable extent in some types
of chemIcal plants. The hazard connected with their use is
dependent on the nature of the materials being dried. If
flammable solvents or materials which give off flammable vapors
are used, dryer and room in which it 1s located should be judged
as a Class I location.

s and Pipil revresent equipment very commonly found
in most cEe mical pIanEs, due to the great amoung of handging of
liquids and vapors which is necessary. Leaks and rupture of such
equipment are frequent and when the materiasls handled are of a
flammable nature, considerable hazard is introduced, The electri-
cal hazard is morepronomced here than in the case of some other
processes, due to the fact that the pumps are frequently motor
driven. Obviously, the places where pumps handling flamrmable )
materlals are installed, should be considered Class I locations,
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Extraction Processes are used to some extent in the
separation of certaln vegetable oils or extracts from the
crushed meals, plants or fibers in which they are contalned.
The process involves the use of flammable solvents such as
benzol or naphtha for placing these olls or extracts 1in
solution. The oils or extracts and solvents are then separated
by distillation. Naturally, processes of this kind are re-
garded as hazardous due to the liklihood that the explosive vapors
of the solvents will be present in the rooms or sections where
the process 1s carried on. The storage and handling of the
solvents are also to be considered. The rooms or sections con-
taining extraction processes should be regarded as Class I
locations.

Alecolol Production

Alcohols are manufactured commercially chiefly by the
fermentation of grains and vegetables and from petroleum by
various processes. Methyl or wood alcohol, which 1s obtained
from the destructive distlillation of wood, as a byproduct
of the beet sugar industry, or by the synthesls of carbon
monoxide, is the exception. The list of alcohols contain
sixteen different types, including one methyl, one ethyl, two
propyl, four butyl, and eight amyl alecohols. The characteristics
of most of these have already been discussed under "Flammable
Volatile Liquids"™ and their properties as regards flash points,
apparent ignition temperatures, and hazard grading will be found
listed in Table Number 3,

It is not intended to discuss in detail the various
methods of manufacture, but 1t should be pointed out that the
production of many alcohols 1s attended by hazards which deserve
the comsideration of fire prevention engineers. Some of the
alcohols notably, methyl, ethyl, propyl, secondary butyl and
tertiary butyl, have flash points within range of ordinary
room temperatures or lower and therefore, thelr vapors may be
easily released into the rooms where they are handled to form
explosive mixtures., The amyl alcohols, with the exception of
the tertiary amyl, have flash points of 100 degrees Fahrenhelt
or higher, and so in their unheated state are not as hazardous as
the other alcohols. However, in some processes, even the amyl
alcohols may produce hazardous conditions which require speclal
attention,

Generslly, the process of alcohol production involves
the use of distilling snd condensing apparatus, clariflers and
a variety of pumps for handling the 1liquids at various stages.
In the msnufacture of some of the amyl alcohols pentane 1s used
and, as this is an explosive gas considerable care 1s necessary
to remove possible sources of ignition in the rooms where it is
used. The engineer should be prepared to consider as Class I
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locations practically all parts of most alcohol manufacturing
plants with the exception of the usual shops, offices, lab-
oratories and the warehouses used for the storage of non-
hazardous raw materials,

From the alcohols are manufactured a host of useful
materials includingmny of the commercial solvents, palnt and
varnish thinners, preservatives, pharmaceutical articles, soaps,
frult essences and perfumes. From some of the amyl alcohols,
various acetates, such as amyl acetate, important in the
pyroxylin lacquer industry, are derived Fusel o0ll, a constituent
of the r esldue remaining after the ethyl alcohol 1is recovered in
fermentation alcohol production, which is important in the
manufacture of amyl acetate and frult essences, Essentially
then, factories employing quantlitles of the varlous types of
alcohol should be carefully analyzed to determine the extent of
the hazards and where the rules for Class I locations should

ﬂmly.

Production of Typical Organic Chemlcals

Ethyl Acetate 1s produced by the distillation of acetic
acld or sodium acetate and ethyl alcohol in the presence of
sulphuric acid. The flash polint of the product when pure
1s 28 degrees Fahrenhelt. It 1s used as a solvent in the
preparation of fruit flavors and in perfumery manufacture.
Both the base (ethyl alcohol) and the finished products are
classed as hazardous,

Ethyl Chloride is made from trimethyl aniline distilled
from the refuse of beet sugar works, or may be produced by
distilling ethyl alcohol with sodium chloride and sulphuric
acid., The product 1s used as a refrigerant and as a local
anaesthetic and is a flammable volatlle liquid flashing at
ordinary temperatures,

Ether or Sulphurie Ether is manufactured by mixing
ethyl alcohol with an equal amount of concentrated sulphuriec
acld, cooling and then heating to the boiling point., More
alcohol 1s then added and the resulting vapor condensed,
ether being separated from the condensate., Ether has many
uses; as an anaesthetic, as a solvent for nitro-cellulose
compounds, ard for artificial silk mamfacture, Its flash
point 1s very low and forms very explosive mixtures with air,
Both the raw material (ethyl alcohol) and the finished (ether)
are hagardous flammable liquids,

Ethyl Bromide is made by adding red phosphorous to
absolute ethyl alcohol, then adding bromine and distilling.
It 1s used in medicines and as a refrigerant, and while
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usually considered as a flammable volatile liquid, it is difficult
to ignite its vapors because of the fact that they are very
heavy and do not diffuse readily. The manufacture of the

material is hazardous,however, due to the use of ethyl alcohol.

Miscellaneous Industrial Chemicals. There 1s on the
market & large number of 1lquids, pastes and solids which
are either hazardous in themselves or hazards are assoclated
with their preparation, These include shoe dressings, stove
polishes, varnish removers, clothes cleaning liquids, fumigants
and insecticides, deodorizers and many others, Very often
these contain solvents of a flammable volatl le nature and,
hence, the praesses by which they are prepared are attended
by definite explosion hazards.

Pharmaceutlical and Fine Chemicals

The manufacture of pharmaceutical and fine chemicals,
Including patent medicines, drugs, perfumes, frult essences
and similar materials may be hazardous, especlilally when solvents
such as alcohol or essential o0ils in solution with hazardous
liquids are employed in theilr preparation. Various alcohols
form the bases of many frult essences and the process 1s usually
attended by the evolution of explosive vapors 1n the sections
where the alcohols are handled. In the preparation of some
drugs or medicines, the grinding of herbs, roots and chemlcals
is a part of the process and where this 1s done on any
pretentious scale, the possibility of dust explosion hazards
is Iintroduced. Extraction by flammable solvents 1s also a
common process.

Each plant of this type using flammable volatiles should
be consldered by itself to determine the extent of the hazardous
area and where the application of the rules for Class I -
locations i1s needed, Where grinding 1s done to any extent, it 1is
probable that the engineer will be justified in applying the
rules for Class II locations to the grinding department to
protect agalnst the dust explosion hazard,

In the larger pharmaceutical and fine chemical plants,
the variety of products manufactured is often very wide, and
in many cases, the same apparatus is used for the production
of several materials. Therefore, in judging what hazards prevail
in a room or depatrtment, consideration should be given to every
probable process or material which will be used in that room
or section,
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ARTIFICIAL SILK MANUFACTURE

Artificisl silk, of which Rayon is a popular trade
brand, is made by several processes. In general, all of
these processes, however, adhere to the fundamental principle
of preparing a viscous solution of cellulose and forcing it
through minute orifices or dies to form filaments which are
then coagulated by a chemlcal solution. These fllaments are
then "thrown" in much the same manner as natural silk is pro-
cessed and made ready for weaving bty dyeing, welghting and
winding on bobblins or shuttles,

The raw material used for the manufacture of artifi-
clal silk 1s cellulose in the form of wood pulp or raw cotton,
the latter belng usually in the form of linters obtained from
cotton seed oil mills. When wood pulp 1s used, the wood stock
is recelved in the form of logs from which the bark 1s removed
and then cut up into fine chips. These chips are treated
with sulphite of lime under heat and pressure, then tleached
and washed much in the same manner as employed in the paper
manufacture.

The hazards of the processes thus far, from cur view-
point, are represented by the storage, handling and cleaning
of cotton linters requiring the application of Clsss III and
Class IV rules. When the wood cellulose process is followed
there appears the probgability of necessitating the classifi-
cation of the wood chipping or grinding department as a Class
IIT location, unless effective means are provided to remove
waste and dust so as to prevent thelr accumulation in the
motors and other electrical apparatus.

After the cotton or wood pulp 1s prepared, the process
proceeds by one of several general methods which we shall dis-
cuss separately.

The Viscose Process, generally speaking, consists of
treating high grade bleached wood pulp with a solution of
caustic soda. After a certain period of time the excess soda
is removed by passing the mass through rollers, following which
the pulp 1s placed in shredders. During this operation the
temperature must be held down to less than 69 degrees Fahren=-
helt. The ripening process follows in which the material is
kept for a period at a temperature of 70 degrees Fahrenhelt.
The next step in the process 1is extremely hazardous as it in-
volves the treatment of the pulp by carbon bisulphide in churns
or mixers, resulting in its conversion to a substance known as
cellulose xanthate., This is further treated with water and
caustic soda, in the course of which it 1s kept cool, and after
thorough mixing and agitation it is in the form of a viscous
liquid. This is allowed to ripen and settle to remove all
traces of forelgn materials or impurities. It 1s now ready
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for conversion into filaments or threads which is done by forcing
it through minute orifices into a hardening or coagulating bath
of diluted sulphuric acid. The threads are then wound on glass
spools ready for "throwing" and other finishing. The hazard
peculiar to the viscose process 1s the use of carbon bi-sulphide,
a liquid which 1s probably the most hazardous ligquid used in
manufacturing processes, Its hazard rating 1s 110 plus and 1its
vapors form very explosive mixtures with air. In practically

all viscose factories 1n this country, the carbon bi-sulphide
treatment 1s carried on in separate bulldings well detached from
the main plant. The supply of this liquid 1s stored in buried
tanks from which it is pumped into the treating plant as needed.
The builldings containing the carbon bi-sulphide, as well as any
containing pumps or other equipment handling the carbon bil-
sulphide, are subject to the strict application of the rules

for Class I locations.

Cellulose Acetate Silk 1s made by the treatment of
cleaned, bleached, cotton linters with a mixture of acetic
anhydride, acetlc acid and sulphuric acid in churns kept
cool by refrigeration, where the mass 1is worked for several
hours. The material 1s then removed and permitted to ripen
for several hours, during which time the reaction takes place.
The cellulose acetate so made 1s precipitated out by placing
the mixture taken from the churns into tanks, sdding water
and allowing it to stand quietly. The solid cellulose acetate
is separated from the liquid, which is acetic acid, by centri-
fuging and is then washed, centrifuged, granulated and dried.
In thils condition the material will not burn. The next step
involves the solution of the acetate in acetone, following
which 1t is filtered through cotton batting. It is then ready
to be formed into filaments in the same manner as 1in the viscose
process, except that the hardening bath is not used. The threads
s0lidify as soon as they reach the air and are placed on reels
as they emerge from the dies. Outside of the harards assoclated
with the storage, cleaning and handling of cotton linters which
we have previously discussed, the hazards of acetate silk
manufacture are those associated with the use and recovery of
acetone in one step of the operation. Acetone is a hazardous
flammable volatile liquid, giving off explosive vapors at
temperatures as low as three degrees Fahrenheit. Although the
acetone is usually stored in underground tanks and is handled
by pumps through closed systems of plping, the possibility
of rupture or leakage 1s present. Therefore, the rooms or
sections from the point where the acetone 1s introduced to
the point where the filaments are formed, and including the
pump houses containing the acetone handling pumps, should be
considered as Class I locations.
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Nitro Silks are made by what is called the Chardonnet process
using cotton IInters as the basis. The cotton linters are cleaned
and bleached and then are nitrated by a mixture of sulphuric
and nitric acids. The nitrated cotton is throughly washed, de-
hydrated and then disso'ved in a mixture of ether and alcohol.
After settling and filtering, the solution is forced through
glass nozzles of minute dlameter into a bath of weak sulphuric
acld from which it 1is reeled onto glass spools, removed to an
alkaline denitrating bath, washed, bleached amd dried. The
hazards of the nitro process are threefold: First, the storage,
cleaning and handling of cotton linters, a matter which has
already been discussed, Second, the nltration of cotton which
is to be regarded as a serious hazard, and the locations where
this process is carried on should be regarded as Class I
locations, In this connection, it should be noted that the
silk is not denitrated until after it has been formed into
threads. Third, the use of ether and alecohol for dehydrating
and dissolving the nitrated cotton which involves storage and
handling of these flammable volatile liquids with incid=ntal
possibility of liberation of theilr vapors. Recovery of the
solvents may also be a part of the process. Consequently the
departments where these liquids are used or handled should be
classed as Class I locations.

Spinning and Weavi;g of artificlal silk are not attended
by any great hazards. In self the silk 1is no more flammable
than cotton and probably produces little or no lint or "flyings"
in its use,
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PYROXYLIN PLASTIC INDUSTRY

Manufacture of Proxylin Plastic

Pyroxylin Plastlec or Celluloid, as it 1s more commonly
called, 1s a so0lid solution of pyroxylin. and another substance,
usually camphor. Pyroxylin, the more active ingredient, is
classed in general with gun cotton, and is probably a mixture
of cellulose of higher nitration.

The raw stock consists of pure cotton or what is more
commonly used, a special grade of tissue paper. If cotton 1is
used, the process involves its cleaning, bleaching and drying.
Hence, the hazard of combustible flyings 1s present where it is
stored and handled which makes 1t necessary to apply the rules
for Class III locatlions. VWhen tissue paper is used, it is cut
and shredded into small pleces and blown to dry rooms or to
mechanical dryers where it 1s dried until the molsture content
is from 1 to 2%. Unless rigid precautions are taken to maintain
cleanliness, accumulations of the dry material can be easily
ignited by a spark. It 1s probable that in many cases the rules
for Class III locations should apply to the cutting and drying
departments,

The next step in the process 1s the nitrating operation
which mey be done by any of several methods, but in general all
consist of treating the cotton or paper cellulose with a mixture
of nitric and sulphuric acids, often helped by mechamical
agitation. The nitrated cellulose or pyroxylin, as it is termed,
18 now washed, centrifuged and rewashed a number of times, then
bleached if an "Ivory" product i1s desired, and sometimes
reduced to a pulp in a beater mill. After leaving the wash
house the pyroxylin contains about 40% of moisture, and in this
state 1s non-hazardous. The next step 1s a drying process which
is done by, (1) pressing and blotting in hydraulic presses,

(2) by pressing and alcohol displacement, or (3) by pressing,
blotting and hot air drying, in which operation camphor is
usually added and the mixture pressed between blotting paper
or cheesecloth. In the dry houses, the pyroxylin is in a state
in which it becomes very hazardous, more so than the finlshed -
product, and extreme care is needed to prevent ignition,
Usually rules more rigid than those prescribed by Article 32
are adhered to even to the extent of requiring that electric
lights in vapor proof globes be placed outside windows to
provide artificial illumination. In the case of method (2)
above, the hazards are those involved in the presence of the
flammable vapors of alcohol and usually include alcohol recovery
processes,

The next step is the removal of the cheesecloth, an
operation known as stripping. As the pyroxylin at this point is
extremely dry and dangerous, stripping 1s done 1n a separate
bullding containing no electrical equipment. In some plants the
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pyroxylin may be dried before being mixed with camphor and 1t 1is
necessary to break up the pressed cake by use of a breaker, con=-
sisting of two revolving rolls fitted with splkes or a ball mill.
Here again the pyroxylin is in a dangerous state on account of

its dryness and extreme precautions are necessary to prevent
ignition. All electrical eq: ipment 1s usually placed outside of the
hazardous area.

The next step is the mixing process which is probably the
most hazardous of any. The mixing machines are similar in
appearance to bread mixers and into these the pyroxylin and
camphor are placed together with a solvent such as wood alcohol
or ascetone and denatured alcohol, to effect a more intimate
contact or solution between the pyroxylin and camphor.
Stabilizers for neutralizing any acid which might remaln are
added with the solvent. After the pyroxylin is thoroughly
dissolved the plastic mass is removed and placed in a warm
room to permit partial conversion, and this is later completed
by rolling and pressing. In this mixing process we have the
hezards of flammable volatile solvents in addition to that of
dry pyroxylin, and more than usual precautlions should be taken.
The mixture burns readlily with a high degree of heat evolving
explosive flammsble gases or vapors. The mixing houses sare
definitely Class I locatlions, and the rules for this class should
be strictly followed for any electrical installations in
mixing houses. As a matter of fact, motors and controllers,
switches and such equipment are ususally located outside of the
mixing houses in a motor and control room, and even then are
to be of the type approved for Class I locations.

After the mixing process, the plastlc mass, sometimes
softened with a solvent, 1s worked in rolls and colors are added
when a colored product is desired, amd then placed in hydraulic
presses, If rods or tubes are to be made, the stock from the
rolling mill 1s processed in an extruding machine, a steam
heated cylinder, operating by forcing the stock through a die
by hydraulic pressure, Where sheets are desired, a sheeting
machine, similar to a machine shop planer, 1s used which cuts
thhe blocks received from the presses down to required size,

The sheets, rods and tubes are then hung in dry houses to season
and are finally stralghtered and polished. All through these
latter processes we ared ealing with pyroxylin plastic, a
hazardous material with considerable alcohol vapors present,
Necessarlily, the storaze and handling of alcohol is involved

as 1s, in most cases, the recovery of alcohol from the various
processes where 1t is used. It 1s obvious that the roll and
press departmnents, the shaping department and the dr; houses

are cdefinitely Class I locations, as are the solvent handling
and solvent recovery buildings or sections. Portable lights
should not be permitted where pyroxylin plastic is manufactured
or stored, es the heat of the light, even though enclosed in a
vapor proof globe, is sufficient to cause decomposition and
pos:ib%y ignition of the plastic with which the light may come in
contact.



"




54

pyroxylin may be dried before being mixed with camphor and 1t is
necessary to break up the pressed cake by use of a breaker, con-
sisting of two revolving rolls fitted with splkes or a ball mlll,
Here again the pyroxylin is in a dangerous state on account of

its dryness and extreme precautions are necessary to prevent
ignition. All electrical eaq ipment 1s usually placed outside of the
hazardous area,

The next step is the mixing process which is probably the
most hazardous of any. The mixing machines are similar in
appearance to bread mixers and into these the pyroxylin and
camphor are placed together with a solvent such as wood alcohol
or acetone and denatured alcohol, to effect a more intimate
contact or solution between the pyroxylin and camphor.
Stabilizers for neutralizing any acid which might remain are
added with the solvent. After the pyroxylin is thoroughly
dissolved the plastic mass 1s removed and placed in a warm
room to permit partial conversion, and this is later completed
by rolling and pressing. In this mixing process we have the
hezards of flammable volatlle solvents in addition to that of
dry pyroxylin, and more than usual precautions should be taken.
The mixture burns readily with a high degree of heat evolving
explosive flammable gases or vapors. The mlxing houses are
definitely Class I locations, and the rules for this class should
be strictly followed for any electrical installations 1in
mixing houses. As a matter of fact, motors and controllers,
switches and such equipment are usually located outside of the
mixing houses in a motor and control room, and even then are
to be of the type approved for Class I locations.

After the mixing process, the plastic mass, sometimes
softened with a solvent, 1s worked in rolls and colors are added
when a colored product is desired, amd then placed 1n hydraulic
presses, If rods or tubes are to be made, the stock from the
rolling mill 1s processed in an extruding machine, a steam
heated cylinder, operating by forcing the stock through a die
by hydraulic pressure, Where sheets are desired, a sheeting
machine, similer to a machine shop plener, 1s used which cuts
th.e blocks received from the presses down to required size.

The sheets, rods and tubes are then hung in dry houses to season
and are finally stralghtered and polished. All through these
latter processes we are d ealing with pyroxylin plastic, a
hazardous material with considerable alcohol vapors present,
Necessarlly, the storace and handling of slcohol is involved

as 1s, in most cases, the recovery of alcohol from the various
processes where it is used. It 1s obvious that the roll and
press departmnents, the shapling department and the dry houses

are cefinitely Class I locations, as are the solvent handling
and solvent recovery buildings or sections., Portable lights
should not be permitted where pyroxylin plastic is manufactured
or stored, as the heat of the light, even though enclosed in a
vapor proof globe, is sufficient to cause decomposition and
pos:ib%y ignition of theplastic with which the light may come in
contacte,






55

Manufacture of Articles From Pyroxylin Plastic

Many erticles are manufactured from pyroxylin plastic or
celluloid, among which are photographic and motion picture films,
artificlal leather, toilet goods, drafting tools, such as
triangles and tee square facings, box toes for shoes, eye
shades, eyeglass rims, advertising noveltlies, and many others,
The processes involve the use of sheet or formed pyroxylin
plastic and usually equlpment for the utilization of scrap
pyroxylin plastic. Cften these factories are operated in
connection with the plants producing the plastics, but as
gseparate units., The storage of the pyroxylin plastic in large
quantities, together with the forming of articles and their
storage, renders the hazards of such factorles of a serious
nature. Coupled with thls are the hazards connected with the
storage, handling and use of solvents, and the reworking of
pyroxylin plastic scrap, all of which are similar to those we
have previously discussed. Rigid requirements are imposed by
fire inspection authorities on the matter of storage of
pyroxylin plastic, and all precautions are taken to prevent
ignitiones The rules for Class I locations apply in full to
factorlies of this type, except in those sections where the
pyroxylin plastic or articles made from it are not stored
_or used, which would probably exempt offices, power houses and
similar locations, Due to the low decomposition and ignition
temperatures of the material, portable electric lights should
not be used, due to the possibility of thelr being left lying
on the material and thus cause fire. In factories where only a
small part of the space 1s utilized by processes involving
pyroxylin plastics, the hazardous area 1s generally taken to
extend to a distance of twenty feet from the particuler process.

Owing to the fact that Article 34 of the National
Electrical Code rules on electrical installationswhere
cellulose nitrate motion picture films are manufactured,
exposed, developed, printed, rewound, repalred, and stored, we
shall not discuss these requirements here. nder "Hospitals"
in this thesis, the matter of electrical instsllations in
X-Ray film storages will be discussed,
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THE COTTON INDUSTRY

The cotton industry from the point where the cotton is
picked 1n the field to the point where it is woven into cloth,
is attended by the hazard represented bx the production of
consicderable easily ignitable lint or "flyings." In loose
fluffy condition, the bulk cotton is also readily ignitable.
Necessarily then, every precaution must be taken through the
entire process to prevent the ignition of the loose cotton,
the lint, and even the thread and cloth while on the looms.

In the following the various divisions of the cotton
Industry will be discussed briefly.

Cotton Gins

When the cotton 1s picked in the fleld, it is trans-
ported by wagons or trucks to the gin for cleaning, removal
of the seed or ginning, and packing in bales for shipment. The
small country gins are usually frame builldings of highly com=’
bustible nature and often without fire protection of any kind,
The country gin plant generally consists of three main buildings,
viz: the seed cotton storage bullding where loose cotton 1is
stored in open bins or compartments to await ginning; the gin
bullding where the ginning machines, cleaners, boll breakers
and presses or balers are located; the seedhouses into which
the cotton seed, which is taken out of the ekton, is stored,
awalting shipment. In the larger gin plants, separate cleaning
buildings are provided and sometimes a boiler house is added.
In the larger and more modern gin plants the bulldings are of
brick or steel construction, corsiderably feducing the fire
hazard. In the process of recelving and ginning of cotton, a
large amount of loose, easlly ignitaeble 1lint 1s exposed. In the
gin bullding proper, it is camnmon to see lint clinging in films
to walls, timbers, machines, electric light pendant cords, and
to other equiprent. Inasmch as such lint i1s easily i1gnited
by a static spark, the importance of removing electrical sources
of ignitlion should be clear. Cotton lint, when ignited, burns
rapidly, rather as a flash fire, Cotton ginning plants, -including
all bulldings other than the office, boller house amd shop,
should be considered as Class III locations. In some cases,
especlally in the so called one story gins, the motors are
80 located tha accumulations of 1lint in the windings results
in & severe hazard. In such cases, the motor should be of the
enclosed type or provided with an enclosure as specified in
rule 3205e. In most gins it is 2 practical procedure to
isolate the power equipment from the lint hazard by placing it
tn a separate power house, This i1s much to be recommended.
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Cotton Compresses

After the cotton leaves the gin plant in banded burlap
wrapped bales, it 1s shipped to conpresses where the bales are
pressed into bales of smaller volume. These compresses are
sometimes separately owned unlts, but are often a part of
a large terminal cotton warehouse. In any event, the hazard is
practically identical, for the usual compress plant includes
facilities for the storage of large quantities of baled cotton.
Cotton in bales, as was pointed out previously in this thesis,
while wrapped in burlap or similar material, has considerable
loose 1lint or fiber protruding from the bale covering. Thk lirt
is easlly ignited by any spark or heated metal, as from the
breaking of electric light, and this fire flashes from one bale
to the next with great rapidity. In the nelighborhood of the
compressing machine proper, there 1s often consicderable loose
cotton and, therefore, the hazard is that vicinity i1s of a
greater degree. Compresses and thelr associated warehouses
should be treated as Class III locatlions, the rules of which
class are intended to guard egainst ignitlion of this cotton
lint from electrical sources,

Cotton Warehouses

Warehouses used for the storage of cotton present hazards
identical with those described in the lmmediately preceding
section., In the case of warehouses at terminal points where the
cotton 1s stored, pending shipment by sea or rail, the bulldings
are extremely large and are several acres irn area. The hazard
is multiplied because of this, as a flash fire once started, can
easily travel the entire length of the warehouse before any
form of automatic fire protection would operate. In some cases,
compresses are provided at these terminals which further reduce
in volume or re-compress the bales received from the first
compress, The same comment as made under "Compresses" applies
in this case, It should be emphasized that under average business
conditions, the values & stored cotton 1involved in these ware-
houses are extremely high and, therefore, the expense attached
to making an electrical installation in them safe is very much
warranted.

In the case of cotton storage warehouses operated in
connection with textile mills, the hazard is identical to that
in the terminal warehouses, but it 1s probable that 1n the majority
of instances, the values involved will be considerably less,
Howeer, in textile mill warehouses, a fire originating there
may communicate to the mlll proper and destroy valuable machinery,
so the lack of value 1n the waretouse is often more than com=-
pensated for.
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All warehouses used for the storage of cotton should be
eonsldered as Class IV locations and the electrical installation
made accordingly.

Cotton Mills

When the baled cotton is received at the cotton mill
proper, either from its own warehouse or from terminal points,
it goes first to the opener room where the bands and burlap
wrapping are removed from the bale. The cotton, somewhat loosened,
is then fed into an automatic feeder, the spikes of whichfeed
the cotton uniformly into a blower system leading to the picker
room, or what 1s more usual, feeds the cotton iInto an opener
picker which further loosens the stock and is then fed into the
blower system. Arriving into the picker room the cotton is
passed through pickers which further loosen the cotton, straighten
the fibers to some extent and remove dust, dirt, and short
fibers. The plcker machines are made in a varlety of types
which need not be discussed here, However, it should be mentlioned
that the picker room is regarded as the most hazardous location
in a cotton mill, due to the presence of dust, refuse, and loose
cotton. In breaker and lapper pickers, the dust, short fibers,
and dirt are blown to a dust room or into a cyclone collector
for disposal. Dust rooms are necessarily hazardous,

The laps of cotton from the pickers are now trucked to
the card room where they are passed through carding machines,
the purpose of which are to further remove dirt, short fibers,
and to straighten the fibers so that they will be 1n approximately
parallel lines. Lint renders this room hazardous, but probably
not as much so as picker and opener rooms. From this poilnt the
cotton passes through various machines and processes such as draw
frames, slubbers and fly frames, to prepare the cotton for
spinning, which is done on machlines called ring frames or mules.
Some lint or fly is produced by these machines with correspond-
ing hazard introduced. Where cotton yarns are manmuf,ctured, an
additional process known as combing is necessary, this being
done between the carding and drawing processes., The warp 1s now
prepared and this is placed in the harness of the weaving
machines or looms. There are several types of looms and various
refinements or side processes for producing certailn kinds of
yarn or cloth, but these need not be discussed here. After the
cloth i1s woven it goes to the cloth room for inspection, napping,
if needed, and folding.

The hazards of a textile mill are, of course, represented
chiefly by the lint or "fly" produced. This is easily ignitable
and results in flash fres. However, the hazard decreases from the
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picker room through the process until the cloth is woven. Howe-
ever, through the entire process care should be taken to prevent
sparks or heated metal from incendescent lights or resistors
coming into contact with lint. Speclal care is needed in the
opener and picker room where there is conslderable loose cotton
and much "fly." Strict adherence to the rules of Class III
locations should be had in electrical installations 1n the
opener and picker rooms and probably some parts of the carding
room. The dust room should be regarded as a Class II location,
In the draw frame room, the section where the slubbers or
"flyers" are located, the ring freme and mule spinning rooms

and the loom shed, it 1s probable that with reasonably good
housekeeping, that only the machines and their immediate vicinity
need be considered as Class III locations, the entire purpose -
being to prevent ignition of lint and "fly" by electrical arcs,
sparks or heated parts of equipment. The electrical "stop-motions"
for looms and other machines have been quite serious offenders
in causing ignition of lint. Therefore, attention should be
given to the construction of such devices to prevent emission

of sparks or arcs. The value involved in a tertile mill in the
way of machinery 1s quite considerable. Hence, prevention of
fire is of great ilmportance,

Cotton Seed 01l Kills

Reference should be made to discussion of this subject
under "Vegetable 0il Industry."
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FABRIC AND PAPER COATING PLANTS

Genersal

The production of rubberized fabrics, linoleum, oil
cloth, pyroxylin coated fabrics, roofing materials, wall paper,
and coated paper 1s usually attended by hazardous conditions
because of the character of the materials employed, and the
manner of application and drying. Flammable volatile solvents
are used to a considerable extent in the preparation of the
coating material, and the vapors of these. solvents are present
throughout the spreading and drying operations. /here pyroxylin
coated fabrics are made, the hazards are more serious, due to
the character of the coating materials employed. In the followlng
we shall discuss briefly the production of the various coated
fabrics and papers,

Linoleum

There are two types of linoleum, the felt base and the
burlap base., The felt base linoleum is usually prepared by
coating in celendar rolls the sized felt with paint to form
the undercoating which is then festoon dried in large dryers,
Designs in a varnish paint are now applied, and the sheets placed
in rack dryers after which process they are trimmed and rolled
upe. In the burlap base linoleums, burlap, canvass or other cloth
is coeted with a mixture of ground cork, fillers, linseed oill and
paint, and hung festoon fashion to dy. Designs are then printed
or inlaid, and after rackdrying, the sheets are trimmed and rolled.

Among the hazards of linoleum factories are those ‘
introduced by the grinding of cork, and as cork dust 1s explosive,
it is desirable that the room where this grinding 1s done be
considered as a Class II location. The preparation, mixing and
application of paints and varnishes, and the subsequent dyeing
processes involve hazards which warrant the locations where
these processes are carried on being classed as Class I locations
due to the presence of the vapors of flammable volatile thinners
used in the paints and varnlshes. If a pyroxylin varnish is used,
the attendant hazards are greater, The same comrent applies
to the printing room where designs are applied by use of naphtha
thinned paints, and where the finished sheets are dried. The
warehouses for the storage of raw and finished materials are
not usually considered in the hazardous area.

0il Cloth

This product, as considered here, conslsts of a cotton
cloth treated with a vegetable drying oil, or compounds containirg
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chiefly these oils, used for wagon covers, tents, and tarpau-
lins, When decorated for table covers, colors, varnishes and
other materials may be used to give the final finish, The
coating compounds vary with different processes and products,
but very often they contain naphtha or other volatile thinners.
Also, when varnishes are used, the hazard of the use of
flammable solvents 1s introduced, The process of coatlng the
cloth 1s continuous. The cloth 1s run through rolls through a
dip tank or trough containing the compound, and thence
directly into steam heated dry rooms where the coated cloth 1is
hung in festoons, The classification of the coating and dry
rooms, which will probably be the only hazardous locations
from our standpoint, depends on the character of the compounds
and varnishes used. If the use of flammable volatile thinners
or solvents is involved, these locatlons should be placed

in Class I. In this case, the problem of storage, handling and
mixing of the compounds with the flammable volatile liqulds

is also involved, and necessarily the sections where this is
done should also be considered as Class I locations,

Pyroxylin Coated Fabrics.

The process of producing pyroxylin coated fabrics,
which product is sometimes referred to as artificial leather,
is undoubtedly the most hazardous of the coated fabric class,
due to the character of materials employed. The pyroxylin is-
received in the form of smokeless powder from surplus stocks,
as film or novelty pyroxylin stock, or as nitrated cotton
linters. The coating works may receive these in the form of a
jelly, but whatever the form, the storage and handling of
these materials involve severe hazards. The solution of the
pyroxylin in solvents, and the addition of loading and coloring
materlal are processes usually required to be isolated. The
coating 1s avplied to the cloth by use of a spreader machine.
The cloth 1s run over a roller immediately above which is a
"doctor" or knife to cause an even spreading of the mixing as
it 1s fed onto the cloth. After passing the "doctor", the coated
cloth is run over a long heated table for drying, and 1s finally
reeled up in rolls. These spreader machines and drying tables
are often enclosed to permlit ready removal of the vapors, or,
in some cases, to permlt recovery of solvents. Throughout the
process there is the possibility of considerable "droppings"
and resldue about the machines, and hence the hazards are of a
serious nature,

Practically all parts of such a plant, including the
sections used for the storage and mixing of the pyroxylin and
solvents, the spreader room, and the dryer room, should be
considered as Class I locations,
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Roofing Materlals

In the manufacture of roofing materials such as tar or
asphalt coated paper, paper felt or ashpalt shingles, the chief
hazard, from our viewpoint, is that assoclated with the heating
of tar or asphalt to high temperatures (400 to 500 degrees F.),
at which temperatures 1t 1s probable that flammable vapors wil
be evolved. :

In the impregnation process, the psper or felt 1s passed
through vats containing the heated tar or ashhalt, and then
festoon dried in steam heated dryers.

The preparation of roofing cements is often an suxiliary
process of roofing piants. Such cements are usually the tar or
asphalt in solution with a flammable volatile solvent. Hence,
there 1s present the hazard of vapors of an explosive nature
in the rooms where the cement is mixed and placed in containers,
as well as that attending the handling and storage of the
solvents,

Wall Paper

There 1s little hazard connected with the production of
ordinary wall paper where the process consists simply of apply-
ing linseed oll paints to heavy sized paper by means of figured
rolls. If flammable volatile liquid thinned inks are used, the
hazard 1s measured by the care taken in the mixing of such
inks. Probably the mixing room in most plants should be con=-
sidered as a Class I location. Where varnish coatings are
applied to the paper after printing, the coating room where this
varnish 1s applied should be considered a Class I location due
to the probable presence of flammable vapors from the thinners
in the varnish. There 1s likely to be consi“erable waste paper
trimmings 1n the neighborhood of the printing machine, and in
the less modern plants this immedlate vicinity should probably
be conslidered as a Cless III location.

Wax Coated Paper

In coating paper with paraffin, the paper is usually
run through a trough or small vat containing heated paraffin,
and then passed over chilled rolls to festoon drying racks.
When paraffin 1s heated, flammable vapors may be given off and
ttis fact should be weighed when plants of this type are under
consideration. In some cases, flammable volatiles are added to
the paraffin to thin the coating, in which case the coating
room definitely becomes a Class I location. In some types of
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plants there may be considerable trimming of the coated paper
which would cause accumi-ations of refuse. In such lnstances
the application of the rules for Class III locations 1s advised.

Rubber Coated Fabrics

Refer to section entitled "The Rubber Industry."
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THE RUBBER INDUSTRY

Manufacture of Rubber

Crude rubber 1s received at rubber menufacturing plants
in two forms: as a "biscuit" which is smoked sap or a latex
in so0lid form, and as liquid latex with a small amount of
preservative, commonly ammonia, in solution. When the "biscuit”
is received at the factory, it is passed through various wash-
ing, compounding and calendering processes, none of which in-
volves any apprecliable hazard from our standpoint. As it comes
from the ecalendering process the rubber is in the form of sheets
in a soft and sticky condition and can be moulded into any
desired shape. The rubber is now vulcanized and cured, but
these do not represent any hazardous operations, except that in
event of use of carbon bisulphide for vulcanizing, & most serious
hazard 1s introduced, for the vapors of this liquid are extreme-
ly flammable. Fortunately, it 1s a material seldom used for
this purpose.

Probably the most serious hazard in the rubber industry
is that associated with the churning process. Churn rooms are
found in various classes of rubber plants. Here rubber is dis-
solved in a flammable solvent, usually gasoline, benzine, or
naphtha, in churns which are covered iron tanks containing an
agitator or paddle to stir the mixture mechanicslly. The
solvents are brought to the churns in open cans, or pumped into
it from outside storage tanks through a closed system of piping.
Although the churns are usually kept closed, they are frequently
opened permitting the solvent vapors to pass into the room. 1In
some cases the escaping vapors are recovered by a solvent
recovery process. Necessarily, churn rooms should be considered
as Class I locations, as should the places where pumps for
handling solvents are located. The solvent recovery stills and
condensers are usually required to be in a separate room or
building, but wherever located, the recovery room is a Class I
location. '

In some classes of the rubber industry, varnishing of
the finished articles is done, especially in the case of rubber
footwear manufacture. The varnish usually consists of linseed
0il, gum, and sulphur thinned with gasoline. This varnish 1is
often applied by dipping. The rooms or locations where the
varnishing is done, where the mixing of the varnish is carried
on, and where the flammable solvent, gasoline, is handled should
all be considered as Class I locations.

In many rubber plants a consideradle amount of 0ld rubber
or "shoddy" is reclaimed to be mixed with the crude rubber as
received from the plantations. The reclamation processes do
not usually present any great hazards from our viewpoint, so
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the ordinary type of electrical installation may be permitted
in the sections where the reclaiming operations proceed. How-
ever, if a churning process, such as discussed above, 1is
operated in conjunction with it, the location where the churns
are placed must be considered a Class I location.

Rubber Coated Fabrics

The coating of cloth with rubber is an important and
usually a hazardous process, due to the fact that the "dough"
which 1s used to impregnate the fabric consists of rubber dis-
solved in gasoline or other flammable volatile solvent. The
"dough" may be applied by a spreader machine, or by friction-
ing on a calendar machine. A third method which is coming into
use is known as the latex process, -- that is, atomizing the
latex or rubber sap and causing it to be deposited on the
fabric. This method is safer than the spreader and calender
method because it does not require the use of solvents. It is
not yet generally used, however.

In the spreader method, the most common, the "dough"
made by a churning process 1s fed to a spreader machine. This
machine consists of a roller above which is a knife or "doctor",
and the fabric i1s fed between the two from a reel. As the
cloth passes through, the "dough" 1s placed on it at a point
Just behind the sereador knife. The cloth emerges with a coat-
ing of the "dough", passes over a long steam heated drying
table, and is then hung in festoons in a dry room for vulcaniz-
ing and curing. Here it is subjected to the fumes of sulphur
chloride, generally diluted with carbon bisulphide, benzol or
carbon tetrachloride.

Double texture goods are made by coating the surfaces
of two sheets and then pressing them together as they leave the
spreader. Coated fabrics are sometimes decorated by printing
with gasoline thinned ink, and are sometimes varnished, which
naturally introduces the hagard of flammable vapors from the
thinners in the varnish. Some doudble texture fabrics are
given a coating of paraffin, alum, vaseline and naphtha, a
procgas called "spot-proofing"™ to make the fabric more moisture
proof.

The hazards of the spreader method are evident, and it
is clear that the churn room, the spreader and dryer rooms,
the printing room, and the spot-proofing room are to be
~eonsidered as Class I locations. If the gasoline and the
solvents are supplied by pump from outside tanks, the pump
room is also placed in the Class I classification.

In the friction method where the compound rubber is
pressed into the fabric in a calender machine, no hazard is
involved as the rubber so used does not contain a solvent.
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Dipped Goods

A large variety of rubber goods, including rubber gloves,
nipples, and similar thin elastic articles, are made by the
dipping process. The usual procedure consists of dipping metal
or pyroxylin plastic forms into a solution of rubber and gaso-
line, or other solvent, raising them to dry, and then repeating
the operation until the desired thickness of rubber is obtained.
The rubber solution or rubber cement is contained in open dip
tanks, and this results in the evolution of large quantities of
flammable vapors. The process naturally involves the storage
and handling of considerable amounts of gasoline, as well as the
preparation of the cement by the churning method. Necessarily,
the churn room, solvent pump room, and the dipping room must be
considered as Class I locations.

Automobile Tires

The manufacture of tires, from our point of view, is
hagardous because of the large quantities of rubber cement used
in some types of processes. However, this cement is used in
large work rooms and applied by brush, so with reasonable care,
the hazard can be controlled to such an extent that it is not
considered necessary to designate these work rooms as Class I
locations. However, the churn rooms, where the cement is pre-
pared, are definitely Class I locations, and if the quantity of
gasoline or other solvent used is such as to require storage
tanks and pumps for handling, the pump room should also be re-
garded as & Class I location.

Hard Rubber

Hard rubber is made in the same manner as soft rubber,
except that the vulcanizing process is carried farther. There
is no great hazard in the process from our viewpoint. However,
in many hard rubber plants there 1s considerable reclaiming of
waste material. In this process the hard rubber is ground into
a fine powder for the purpose of mixing with new raw material.
Hard rubber dust has been found to have explosive qualities and,
therefore, the section of the plant where the grinding and
handling of the pulverized rubber is done should be subjected
to classification as a Class II location.
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THE LEATHER AND SHOE INDUSTRY

Manufacture 3£ Leather

Up to the point where leather is received by the shoe
manufacturer there is 1little hazard involved from our point of
view with the exception of the barking mill used to grind bark
for the tanning operation. Bark dust is explosive when mixed
with air in the proper proportions and, therefore, the bark
mill department should be considered as a Class II location if
within the tannery buildings. Another notable exception should
be made in the case of the preparation of lacquered leather in
which pyroxylin lacquers are used to give desired finishes to
the leather. This is usually done in spray booths and, there-
fore, the same comments as made under section "Finishing
Processes" apply. The locations where such spraying is done
are definitely regarded as Class I locations, as are the mixing
and storage rooms for the lacquer.

Patent Leather

The application of a glossy varnish to the surface of a
leather results in a product which has been designated as
"patent leather", but sometimes referred to as japanned or
enameled leather. The production of patent leather is usually
accomplished at a plant separate from the tannery. Before the
varnish is applied, the tanned hides are degreased, which 1is
also frequently done at separate plants. The degreasing process
consists of immersing the hides in tanks filled with naphtha
for several hours, after which the naphtha is drained off and
warm air blown through the tanks to dry the hides. The leather
is then removed, air dried, and finally shipped to the finish-
ing plant. Sometimes the degreasing process is not followed,
but only in cases when a pyroxylin base varnish is used for
the primary finish coat. Obviously, degreasing plants are
Class I locations due to the presence of large quantities of
naphtha vapor.

In the finishing plant, the hides are first buffed and
mounted on frames, and the priming varnish coat applied. This
is a naphtha thinned o0il varnish, and is applied by heavy
brushes or poured on. The hide on its frame is now placed in
a drying oven, and when dry is lightly stoned and then given
a second coat of varnish gimilar to the first, except that it
is thinned to the point where it can be applied by brush.
Colors are added to this varnish. It again goes to the drier
and upon removal a second time is lightly stoned and then
brushed to remove dust. The varnish is now applied with great
care to avoid uneveness. After application is completed, the
hides are placed in large bake ovens where they are left over
night and then removed to the outside of the building for
exposure to air and sunlight, or placed in a special room and
exposed to ultra-violet light. In some cases a pyroxylin base

daub is used in place of the first coat, in which case the
general hazards of pyroxylin finlshes apply.
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It 1s obvious that the large scale production of patent
leather is attended by hazards which are of a nature similar to
those described under "Finishing Processes", and the same
com?snts as to the required type of electrical installation
apply.

Shoe Manufacture

In the process of manufacturing shoes, we are concerned
almost entirely only with the use of various types of cements,
water-proofing liquids and finishes. The cements, many finishes
and water-proofing liquids, contain flammable solvents and
thinners such as gasoline or naphtha. In the well ordered
plants, the use of these materials in the main factory is well
controlled, and all mixing and storage of main supplies are
confined to a detached building. This detached building should
be regarded as a Class I location and the electrical installa-
tion made accordingly. Except in extreme cases, it should not
be necessary to clags workrooms in the main factory as hazardous
locations unless heels are covered with pyroxylin plastic
(celluloid) or box toes of this material are used, in which case
the precautions mentioned under "Pyroxylin Plastic" should be
followed to prevent ignition of this material in use and
storage. Where heels are covered with leather or satin, rubber
cement is used in large quantities. Fire prevention engineers
recommend that this operation be carried on in a cut-off room
used for no other purpose, and this room regarded as a class I
location. Wood or leather heels are sometimes finished with a
pyroxylin lacquer applied by the spray process under metal
hoods. When this is done such processes should be governed by
comment under "Finishing Processes." In cleaning white kid
shoes, ether is sometimes used, and as this is a flammable
volatile 1liquid, the process 1s usuwally required to be carried
on in a cut-off room treated as a Class I location. Patent
leather finishes consisting of nitro cellulose dissolved in
amyl acetate, acetone, or alcohol, are used and, especially
in the case of cheap shoes, the quantities treated may be
large due to the fact that the entire shoe 1s dressed with it.
In such cases the work should be done in a separate room which
should be regarded as a Class I location.

There is a certain dust hazard connected with shoe
factories, but this is usually well controlled and probably
compliance with Class II rules is not justified except so far
as protection of lights in dust rooms is concerned.
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RECOVERY OF SOLVENTS

In many industrial processes considerable quantities of
solvent vapors are released into the rooms in which the processes
are located. The need for protecting the health of employees
normally exposed to such vapors, as well as the economic waste
represented by the loss of solvents by evaporation, has led to
the development of varlious systems of solvent recovery. Quite
wide application of such systems has been made in the division
of the rubber industry producing rubber coated fabrics, in dry
cleaning, in the smokeless powder industry, to some extent in
the manufacture of artificial silk, and in others.

In general, the method employed for the recovery of
solvents consists of means for collecting the vapors at the
points where they are released and conveying them to the recovery
plant. Here they may be condensed to liquid form by direct con-
densation, by absorption by charcoal, silica gel, or other
solids, by absorption by liquids, or by a combination of these
methods. Distillation, condensing, clarification, and pumping
apparatus 1s usually associated with solvent recovery processes
to purify the reeovered solvents.

A popular type of recovery system is that employing a
eharcoal absorption process. In such an installation, ventilat-
ing hoods are placed over, or often complete enclosures provid-
ed around, the machines or process from which the vapors escape.
Draft pipes connect these hoods or enclosures to a common air
trunk which leads to the solvent recovery building where the
fan establishing the suction is located. The vapor and air are
delivered to the absorber which contains a bed of specially
prepared charcoal. After the charcoal has reached its absorp-
tive capacity, the vapors from the header trunk are diverted
and high temperature live steam is turned into the bed of char-
eoal. This steam carries the solvents out in the form of a
eondensate, and is collected in a receiver from which the
solvent can often be drawn off separately due to differences
in specific gravity. Where the difference in specific gravity
between the solvent and water 1s not great, recourse must be
taken to distillation me thods for separation, thus involving
the use of stills and condensers.

As has been stated, there are gseveral other methods of
solvent recovery, but the foregoing is representative of the
nature of the hazard involved. Fire prevention engineers
recommend that the recovery apparatus be located in a well
detached building, but wherever located, the solvent recovery
department should be regarded as a Class I location.
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NATURAL GAS AND COMPRESSED GAS SYSTEMS

Natural Gas

In some parts of the country, natural gas is still avail-
able and 1s used to a considerable extent for lighting and heat-
ing purposes. Often the gas is transmitted long distance
through overland pipe lines to points where it 1s sometimes
mixed with manufactured gas before being introduced into the
distributing mains. 1In these long dAistance pipe lines, it is
necessary to provide pumping or booster stations at intervals
along the line to obtain the necessary pressures to permit flow.
The production of natural gas 1s largely one of pumping, and
the pump compressor houses, together with those buildings em-
Ployed at the gas wells or at the pipe line pumping stations
for containing the meters, gauges, regulators, and valves may,
at some time, contain explosive mixtures of gas and air. There-

fore, these buildings or rooms should be considered as Class I
locations.

There are seweral hydrocarbon gases which might be
referred to as byproducts of the natural gas industry. Among
these gases are methane, ethane, propane and butane, which are
obtained by the fractional distillation of 1liquified natural
gas. Where such operations are carried on, the hazardous area
1s extended to include the compressor and still rooms used to
liquify and distill the natural gas, as both the material and
products form explosive mixtures with air. The rules for Class
I locations should be applied to these hazardous areas.

Compressed Gas Systems

The hydrocarbon gases mentioned in the previous paragraph,
especially propane and butasne, are placed in heavy steel cylin-
ders in 1iquid form and in that form are quite widely used for
heating and lighting. There 1s also considerable activity in
the petroleum industry in the production of these liquified
hydrocarbon gases in which butane and propane are obtained from
cymogene, the light naphtha distillate from petroleum o0il which
is largely butane. Most of these liquified gases are sold under
trade names and these are usually mixtures of propane, butane
and, in some cases, other hydrocarbons. As an example, the
liquified gas known as "Fuelite" is a compressed liquified gas
containing 504 butane and 504 propane, and is shipped in heavy
steel cylinders at a pressure of 200 pounds. "Protane" 1is a
proprietary gas and is shipped in 1iquid form in tank cars
under 1its own vapor pressure of about 20 pounds per square
inch.

Compressed gas systems are of two types: Class A systems
are those introducing only gas into the buildings; and Class B
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systems those introducing liquid into buildings and which is
vaporized at the burners. It is not intended to explain in
detail the operation of these systems, but it should be mentioned
that the rules of the N. F. P. A. provide for the installation
of the cylinders outside of main buildings, and where enclosed,
the enclosure shall be lighted only with incendescent lights in
vapor proof globes and shall contain no switches or other spark
producing devices. In effect this states the requirements for
Class I locations, which the enclosure should be considered to

be. ’

Acetylene Gas Systems

Acetylene gas systems employing generators for the produc-
tion of the gas on the premises are of several types, those with
generatbrs for installation within main buildings, and those in
which the generators are required to be placed in a detached
building. The generators are usually reguired to be recharged
without the aid of artifiecial light, but should any special dis-
pensations be made in this regard, the minimum requirement in
generator houses or enclosures should be te regard them as Class
I locations.
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HOSPITALS

There are two hazardous locations in hospitals which re-
quire special attention as to the nature of any electrical in-
stallation which may be made in them. The first of these is
the X-ray film storage room or vault when nitro-cellulose films
are employed. When acetate film is used the hazard is not any
greater than that attending the storage of paper, but unfortun-
ately nitrate film is still used to a large extent. Rigid rules
are usually enforced as to the nature of the vault or room used
for the storage of nitrate films in hospitals, especially since
the Cleveland Clinic fire in 1929 when 122 persons lost their
lives. It 1s not expected that any electrical equipment other
than lights will be instglled and it is required that these be
enclosed with vaporproof globes and guards. Due to the low de-
composition and ignition temperatures of nitrate films, portable
lamps, whether protected or not, should not be permitted to be
used in film storage vaults. The switch controlling the fixed
lights should preferably be located outside the vault, but if
inside, should be of the type approved for Class I locations.

The second hazardous location in the hospital is the
operating room with which 1s often associated the anaesthizing
room and a sterilizing room. Such rooms are classed as Class I
locations due to the use of flammable gases or vapors such as
ether, propylene, ethylene, and ethyl chloride for anaesthetical
purposes. Nitrous oxide, also used as an anaesthetic, is a
supporter of combustion like oxygen and forms explosive mixtures
with the gases and vapors mentioned. While not given general
publicity, 1t is reported that many serious and often gruesome
explosions have occurred in operating rooms. The arrangement
of the operating rooms, or more correctly, departments, is such
that the sterilizer room and the room where the patient is
given the anaesthetic, which is sometimes separate, must be
included in the hazardous area, owing to the rapid diffusion
of the explosive gases or vapors.

Some work has been done by manufacturers of electrical
equipment toward the design and construction of lighting
fixtures, sterilizers and other equipment for use in these
locations, but there is much yet to do. Adequate lighting 1is
of prime importance in operating rooms, but it is also impor-
tant that lights be protected to prevent their breskage. This
can be done by locating the enclosed lights at or near the
ceiling or by providing large speclally protected enclosed
units over the operating room. Any motors used should neces-
sarily be of the type approved for Class I locations for the
specific use intended. All switches or other spark producing
devices should be placed outside of the hazardous area, but
if within, should be of the explosion resisting type. Electric
sterilizers will probably have to be specially designed for
use in the hazardous area, as in actual practice the steriliz-
ing room must communicate conveniently with the operating room






73

and, therefore, will probably contain flemmable gases or vapors
in explosive mixtures with air. The writer has knowledge of at
least one manufacturer who is at work on this problem.

The use of live slectrical cautery represents a problem
difficult of solution, but it is probable that by reasonable
care and by using non-flammable anaesthetics when live cautery
is employed, that trouble from this source can be avoided.
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GRAIN ELEVATORS

Grain elevators may be said to be of three general types,
each of which performs an individual service in the business of
marketing grain and preparing it for milling or other utilization.
These are:

1. Country grain elevators,
2. Terminal grain elevators,
3. Mill elevators.

While the construction and equipment of all three classes
may, in many cases, be very much alike, there is enough distinc-
tion in their respective purposes to warrant discussing each
class separately.

Country Grain Elevators

This type of elevator will be found usually in agricul-
tural districts and is used for the purpose of receiving grain
from the trucks or wagons of farmers, storing it for a period
ranging from a few days to several months, and finally shipping
it either to a terminal elevator or to a flour mill, feed mill,
or some other factory where it is converted into finished
products. In some country elevators, the facilities are extended
to provide for the cleaning, drying and often grinding of grain
for feed. In case of the latter activity, the elevator approaches
the feed mill in nature.

The grains handled by country elevators may include one
or more of the following: wheat, oats, corn, barley, rye, flax
and rice. Beans and peas, while not classed as grains, are
handled by some grain elevators. When corn is handled, it is
usually received in cob form, that is unshelled, in which case
corn shellers and the necessary auxiliary machinery for shelling
corn are included.

The ma jority of country elevators are of combustible
construction, although in the past few years many of the re-
inforced concrete fire resistive type have been built. The
usual elevator consists of the following divisions:

1. The driveway or dump shed where the grain is received
and dumped into a receiving hopper under the floor.
Conveyors of the spiral or belt type then carry the
grain into the basement of the main elevator building.

2. The elevator bullding proper, which consists of a
number of bins for the storage of the grain. A
part of the area, usually equal to the space which
would normally be taken by one bin, is used to house
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the elevator legs (continuous belt vertieal bucket
conveyors), the stairway and often the man hoist.
Surmounting a portion of the structure is the cupola
or "texas" which contains the upper portion or "heads"
of the elevator legs, the distributor used to direct
the grain discharged by the elevator leg to anyone of
the several bins, and the necessary spouting. A
basement is commonly provided under at least a portion
of the main elevator building and here are located
the lower portions or "boots" of the elevator legs,
the corn sheller usually if one is provided,and the
necessary conveyors for carrying the grain from the
dump and bin to the elevator boots. If facilities
for cleaning grain are provided, the cleaner,
commonly, the shaker type, equipped with air suction,

is located in the first floor of the building or,as

is more often the case, in the cupola. If feed
grinding i1s done, the grinder is located in the first
floor, in the basement or may be placed in a small
addition.

3. The office building which may be attached to the
driveway or be detached from all buildings.

4. The warehouse often provided for the storage and
retailing of flour, sacked feeds and general supplies.
This building, if present, 1s sometimes detached,
but more often attached to the elevator buildings
and frequently contains the office.

5. The grain drier building, usually a separate structure,
but commonly attached to the elevator building proper.

6. Auxiliary buildings such as the dust house, corn codb
house and coal sheds.

Figure No. 1 i1llustrates a typical country grain elevator
as found in the wheat growing sections of the Northwest and
Southwest.

In operating a country elevator, the grain is first
weighed in the wagon or truck and then dumped into the hoppers
or dump in the driveway of the elevator. The conveyors carry
the grain into the basement of the main elevator building where
it 1s discharged inte the boot of an elevator leg by which it
is elevated to the upper part of the cupola. The grain is then
discharged into a spout and directed to the desired bin through
a distributor. If cleaning faclilities are provided, the grailn
is directed from the elevator head to the cleaner where chaff,
loose dust and other foreign material are removed, and then 1is
re-elevated and distributed to the desired bin.
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Naturally, during the process of receiving, elevating,
cleaning and spouting of grain, considerable dust is removed
from the grain and in spite of all efforts to confine it, much
of it 1s thrown into suspension in the air and deposited finally
on floors, ledges and timbers as well as on machinery, motors
and other equipment. This dust is largely of a carbonaceous
nature, probably to a large extent starch, and therefore com-
bustible and explosive. The dust from beans and peas can be
regarded as less hazardous, generally, than that from true
grains as it consists principally of sand or earth.

In the country grain elevator there are two types of
hazards present. The first is that represented by an explosive
mixture of combustible dust and air being present when the plant
is in operation. While dust explosions are not as frequent in
country elevators as one would expect, they are not unknown by
any means. Probably the fact that the construction is more or
less open has the effect of reducing dust explosion possibilities.
The second type of hazard and the one which gives by far the
greatest proportion of loss 1s that associated with the collection
of combustible dust in the windings of open motors, in resistors,
in motor controllers, and on unenclosed incandescent electric
lights. The collection of this dust in the windings of motors
results in the impairment of ventilation to such a degree that
the motor finally overheats, the insulation breaks down and the
resulting arcs ignite the dust. The communication of fire is
then rapid because of the accumulations of dust in the neighbor-
hood of the motor and usually throughout. Grain dust can be
readily ignited when permitted to accumulate on an unenclosed
electric 1ight and the burning dust may then fall into dust on
the floor and cause rapid spread of fire.

Of the various divisions making up the country elevator
plant, all parts of the main elevator building, the driveway
and the drier house, if there is one, should be regarded as
Class II locations. The office and the warehouse are usually
reasonably free from dust and special treatment of electrical
jnstallations in those locations is not necessary although it
is recommended that only rigid conduit wiring be employed for
any light or power installations which may be made.

While the older country elevators employ group drives
for all machinery, the machinery in the newer elevators is
almost entirely individually motor driven. The practice of
jsolating electric service equipment, motor controllers, and
fuse panels to a dust-free location has been followed to a
large extent in newer installations. In other words, the service
switch and fuses, meters, fuse panels and magnetic type motor
controllers are placed in the attached office or in the warehouse,
which, being comparatively non-hazardous locations, permit the
use of ordinary dust-proof equipment. Dust-tight push button
control stations are then placed at the desired points in the






elevator proper. This arrangement is much to be desired from
the fire prevention point of view and also produces a less

expensive installation than if the equipment were placed in a
dusty location and the rules for Class II locations followed.

Figure No. 1.
A Country Grain Elevator

This elevator is typical of those found

in the wheat growing states of the Northwest
and the Southwest. This is a frame iron-
clad structure with the office attached to
the driveway. In elevators so arranged,

the electric service equipment, remote type
motor controllers and panelboards can often
be conveniently located in the office thus
isolating them from the hazardous area and
permitting use of standard equipment.

b 4
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Terminal Grain Elevators

The purpose of the terminal grain elevator is to receive
the grain from country elevators or from other terminal or
transfer elevators and store it pending shipment to flour mills
or other purchasers. The grain is received by boat or railroad
cars and may be shipped in like manner depending on the
transportation facilities available.

Equipment for the cleaning of grain is usually provided,
and in some,driers, washers and bleachers are included.

The newer terminal grain elevators are of fire resistive
concrete or steel construction, but there are still a relatively
few of the 0ld type wooden elevators remaining.

Many dust explosions have occurred in elevators of the
terminal class, some of them, such as that which wrecked the
Northwestern Elevator in Chicago in 1921, being in the nature
of ma jor disasters. The values involved are high and the
construction and arrangement such that a serious explosion
usually results in great loss of 1life and property.

The usual terminal elevator consists of a number of
divisions which are detailed below. Reference to Figure No. 2
will assist in obtaining a more clear idea regarding their
arrangement and construction.

A terminal elevator as ordinarily built and arranged
consists of the following sections:

1. The car shed where cars of grain are loaded and
unloaded. Under the car shed are usually unloading
sinks or hoppers from which lead belt conveyors in
tunnels directly communicating with the basement of
the elevator or work house.

2. The marine legs, either stationary or movabdble, by
which grain is removed from the holds of vessels and
discharged either directly into the work house or
elevator through spouts or discharged onto a belt
conveyor enclosed within a gallery directly
communicating with the work house or gallery.

3. The work house or elevator proper where the grain
is received from the car sheds or marine legs.
Here the grain is raised to the upper parts of the
building, discharged into a garner bin, thence into
the scale hopper where the grain 1s weighed. From
the scale hopper the grain may be discharged either
onto belt conveyors for distribution to the bins
or tanks or may be spouted to cleaners or separators
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Figure No. 2.
A Modern Terminal Grain Elevator

The view in the upper right shows the car
shed, the work house, the grain storage
tanks, and several auxiliary buildings.

The drawing below is a transverse cross-
sectional view of the same elevator which
is explanatory of the interior construc-
tion and .the placing of equipment.
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where the grain is cleaned before being sent to the bins or
tanks. Such cleaners or separators are practically always
located in the work house. The work house may also contain
wheat washers, oat clippers, and other mathines.

4. The drier house, although not all terminal elevators
are equipped with facilities for drying grain. Usually the
drier house 1is either detached from the work house or attached
to it with standard fire cut-offs. Where driers are used it
requires a furnace or boiler for supplying hot air or steam
and these are usually located in separate cut-off boiler
housges.

.5. The storage section, made up of tanks or bins, where
the grain is stored. Over the top of such tanks or bins there
is a gallery or "texas™ in which are located conveyors which
carry the grain from the distributing floor of the work house
to the bins or tanks. Below the tank i1s a floor or tunnels
through which belt conveyors travel, the purpose of which is
to carry the grain discharged from the bottom of the tanks or
bins back into the work house where it is elevated to a height
sufficient for spouting or conveying directly into cars or
vessels. In the more modern elevators, the bins or tanks are
covered, thus separating onme tank from the next as well as
preventing to some extent the issue of dust from the tanks up
into the gallery.

6. The shop, laboratory, office and change room depart-
ments, which are usually detached from the main elevator,
except in some of the older elevators where they may be
attached or even within the main elevator building in which
case they are usually cut-off from the hazardous dusty sections.

- Note: In some types of elevator construction, the
functions of the work house are combined in a supsrstructure
bullt above the tanks or bins with the elevator legs, stair-
ways, etc., extending upward from the basement or first floor
in spaces between tanks or bins.

Of the above divisions, those which can without question
be placed in the hazardous class are, divisions 3, 4 and 5,
with no exceptions. Division 1, the car shed, in part, at
least, might be questioned. Usually car sheds are of semi-
open construction permitting of free air circulation, thus
eliminating to a large extent the possibility of dust explosion.
However, electrical equipment in car sheds is frequently placed
in such a location that considerable dust will collect on it.
This is especially true of motors which are often placed on
decks or in pits where maintenance work is difficult. Where
this is done, Class II equipment should be used. The locations
under the floor or track level of the car shed, such as tunnels
or ugloading pits should be definitely classed as Class IT
locations.
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Marine legs, division 2, are often tightly constructed
of concrete and, therefore, the dust explosion hazard is as
serious as in the main work house. 1In the majority of cases,
marine legs should be classed as hazardous locations and the
electrical equipment installed to suit. Boiler houses, power
houses, transformer and switch houses should not be classed as
hazardous locations.

As in the case of the newer country elevators, the
tendency in the more modern terminal elevators is toward
individual motor drives for machinery and the isolation of
motor controllers with provisions for remote control through
push button stations. Elsewhere in this volume will be found
i1lustrations of several typical installations.

The dust condition in terminal elevators is more serious
than in either the country elevator or the mill elevator, due
to the large amount of grain handled and the speed at which
the various operations are carried on. The amount of dust in
suspension and accumulated depends to a large extent on the
nature of construction and arrangement, the type, if any, of
the dust collection system, and the character of housekeeping
and maintenance. However, even in the best of elevators,
conditions at times are of an extremely hazardous nature.

Mill Rlevators

By mill elevators are meant those located at flour,
feed or rice mills, malting plants, breweries, linseed oil
plants, or other points where grain storage is needed. The
functions are identical with those of country and terminal
elevators, namely, those of receiving, cleaning and storage
of grain. Facilities for washing and drying grain are some-
times included. There is usually more cleaning equipment in
the mill elevator than in those previously discussed in order
that the grain may be more completely prepared for milling.

In the smaller milling plants, the grain elevator may
be very similar to the country elevator, but in the large
modern merchant milling plants, the grain storage facilities
represent what are practically terminal elevators, large
capacity being needed to insure sufficient grain to maintain
uniformity of product.

Further discussion of mill elevators is not needed as
that included under the sections on country and terminal
elevators will, with the understanding that the hazards are
practically identical, give the engineer sufficient data as
to what type of electrical installation is required.
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FLOUR MILLS

The milling of wheat, rye, or corn is a process of
gradual reduction and separation which i1s accomplished by a
group of machines operating coincidently and almost always
grizen by a single power unit. In brief, the process is as

ollows:

When the wheat comes from the elevator it has, as
previously related, been cleaned to remove chaff, dirt, dust
and other foreign materials. However, before being milled,
further cleaning is necessary and this is done either in the
mill proper or in a division known as the cleaning or "smuts"
department cut. off from the milling division. The wheat is
spouted into the boot of an elevator leg, is elevated, usually
weighed, and passes over a magnetic separator to remove any
iron or steel which might be present and then over a cleaner
or separator similar to those used in an elevator. The grain
is now sent through a scourer which removes the tiny hair,
present 1n the end of the grain berry, and remaining dust by
a type of abrasive and brushing action. Foreign seeds and
grain are removed by disc type separators and this leaves the
grain ready for tempering preparatory to milling. Tempering
is done in bins or steel tanks and consists of adding a
certain small amount of water to the grain and permitting it
to remain in the tempering tanks for a period of from twelve
to twenty four hours and sometimes longer depending on the
type of grain. The tempering bins or tanks may be located in
the cleaning department or in the mill division proper.

The graln now passes into the milling process proper.
The first step 1s the breaking of the grain which is done in
a roller mill equipped with corrugated rolls. The broken or
slightly crushed grain, as it is discharged below the rolls,
is elevated by means of cup belt elevators and discharged
into spouts connected with a sifter or bolter which removes
the flour resulting from the initial crushing and sends the
balance or "tailings"™ back to another roller mill for further
grinding. This procedure is repeated a number of times. The
result of this process of gradual reduction and separation
is the production of several grades of flour, bran and
middlings which are spouted into their respective bins. The
exact process or "flow" of a flour mill is too involved to
detall here, but it is hoped that the brief explanation given
will be sufficient for our needs.

The packing of the finished products into sacks or
barrels is done either in the mill building proper or in a
separate packing building. If the latter, the flour is carried
by means of special conveyors or spouts into bins or tanks
located directly over the packers. When the products are
packed into sacks or barrels, auger type packers are used,
but when placed in cartons, special automatic packers are
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found which form the carton and fill, weigh, close and wrap
them ready: to be placed in shipping cases.

There are many refinements in the milling process
such as bleaching, purifying and rebolting, which, while
important to the miller, need not be mentioned here. Figure
number 3 gives a map, cross section and an isometric draw-
ing of a modern flour mill, indicating the divisions and
general arrangement.

The following surmarizes the divisions into which a
flour mill may be divided and briefly states the operations
conducted in each:

1. The office with which is sometimes combined a
laboratory and retail sales room.

2. The elevator or grain receiving and storage depart-
ment where grain is received and stored. In the larger mills,
this division approaches in size and equipment a terminal
grain elevator.

S« The cleaning department where the grain i1s cleaned
by removal of chaff, dust, etc., sometimes washed and dried,
and scoured. In some mills, this department is divided from
milling department proper by definite fire walls, but in
others it is in the same fire division.

4. The mill proper where the grain is ground in roller
mills, bolted or sifted, purified and rebolted. The products
from this department are flour of various grades and the
offalconsisting of bran, middlings, etc. From this department,
the products go to packing bins located in the same building
or sometimes (in larger mills) located in a separate packing
building.

5. The warehouse and shipping departments where the
sacked flour and other products are stored and held for ship-
ment.

6. The shop and similar departments.

Of the above divisions, in general, divisions 1, 5,
and 6 are not considered in the hazardous class unless they
are so much a part of a unit building including the main
nilling operations that no definite separation may be assumed.
Divisions 2, 3 and 4 should be regarded as Class II locations.
Division 2 may be subdivided as has already been done under
terminal and country elevators, although in the case of the
smaller mills, this division is really often a part of the
unit mill building. In the case of division 4, 1t is usually
found that the major portion of the milling machinery 1is
driven by a single motor as the relation of one machine to
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the next is coincidental. In most cases, this motor is located
in a separate power house or motor room which, if of suitable
construction, places the motor outside of the hazardous area.
Motor control equipment is then located in the motor room. In
the case of auxiliary motors in section 4, these should be
approved for Class II locations. The same remarks can also
apply to section 3 as here, to at least a large extent, the
machines also operate together as a unit.

The divisions suggested above are based on average
conditions and hold for the majority of cases. In some instances,
however, we find that housekeeping 1s far above average and that
adequate dust control and collection systems have been installed
which greatly reduce the dust explosion hazard as well as the
hazard of electrical fires due to accumulation of dust on or
in apparatus or wiring. But what is the condition todsy may
not necessarily be true tomorrow, for some fault might develop
in the dust control system for instance, which would cause the
dust condition in the risk to be especially bad and should an
electrical fault develop at the seme time, a serious dust
explosion or fire might result.

Most of the floors of such a modern flour mill, that is,
of the mein mill building, ere clean and the atmosphere is
remarkably free from suspended dust so long as the mill 1is
operating properly. But let a choke-up or a serious leak
develop in the spouts or elevator legs and we find that a con-
siderable amount of flour dust is thrown into suspension in
the air. Should a motor burn out, an electric light break, or
a short circuit occur at the time when this dust is in suspen-
sion, the chances of a dust explosion are good. But the point
is, that in order for this explosion to occur, a number of
conditions must prevail concurrently. The chances of a motor
burnout at just that time, for instance, may not be one in a
thousand, but the chances of sparks from a commutator or slip
ring coming at that time are good. Hence, the definite rule
3204e (N. E. C. Article 32) which provides for enclosing such
parts of motors. Note that rule 3204f permits open squirrel
cage motors except where 1t is impracticable to keep them
clean.

It should be kept in mind that in flour mills we are
dealing first with grain, which, no matter how many times it
1s cleaned, will shed & highly explosive dust when spouted
or otherwise handled, and second, with a finely divided
starchy material known as flour which i1s also highly explosive
when in suspension in air. The many explosions which have
occurred in flour mills are sufficient to warn us of the
hazards with which we are concerned and the precautions
which must be taken to avoid these explosions and fires.
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FEED MILLS

The process of preparing feeds for livestock and poultry
is generally a combination of grinding and mixing operations,
although some feed mills confine their activities solely to
grinding or to mixing. In any event, however, the process 1is
usually attended by the handling of quantities of grain, and
therefore, the dust hazard is present to a greater or lesser
degree.

Feed mills offer a wide variety of sizes and types of
arrangement ranging from the small custom feed mill to the
large commercial feed mill producing a complete variety of
feeds. It i1s, therefore, difficult to attempt to describe the
processes involved and the arrangement of buildings or divisions.
However, the average feed mill may be assumed to consist of
the following divisions:

1. The office with which is sometimes combined a retail
sales room.

2. The elevator or grain receiving and storage depart-
ment where grain or other feed constituents are received and
stored in bulk.

3. The grinding, mixing and packing department.

4. The warehouse or warehouses used for the storage and
handling of sacked products or sacked feed constituents. '

S. The shop, laboratory, and change room departments.

In general, divisions 1,4 and 5 are not to be considered
as hazardous locations for in these departments we rarely find
dust conditions such as to be dangerous either from the stand-
point of dust in suspension so as to introduce the dust
explosion hazard, or from the hazard of collection of dust on
or in motors or other electrical equipment so as to prevent
normal radiation of heat.

There then remain divisions 2 and 3 which should be
classed as Class II locations, and the electrical equipment
required to be installed accordingly.

In the small feed mill, the operations are similar to
those of the average feed mill except that they are on a
smaller scale. Also, the various divisions detailed in the
foregoing may, in many cases, be contained under a single
roof with no attempt at providing fire cutoffs. It is, there-
fore, necessary in such cases to place the entire building
in the Class II classification.
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In the large commercial feed mill, the operations are
usually entirely given over to the grinding and mixing of feeds
in large quantities intended for shipment in wholesale quanti-
ties by truck or rail. The values involved are generally high
and, consequently, the probability of heavy damage from
explosion or fire 1s correspondingly great. In this type of
mill, the same departments as in the average feed mill usually
exist, but some divisions, especially divisions 3 and 4 may be
further subdivided to provide separate departments for mixing
and grinding, and often, still further subdivision of both of
these i1s found as pertaining to the mixing of dry feeds and
molasses feeds as well as to grinding of the different feed
ingredients. In some plants, for instance, an entirely separate
building is employed to house the cotton seed cake grinding
operations. This, however, does not affect the classification
and all such departments included under 3 and 4 must be
prlaced in the hazardous class. Figure number 4 is a repro-
duction of a photograph taken of a large eastern commercial
feed mill.

In the large commercial feed mills, the graln receiving
and storage department, as in division 2, approach in con-
struction and equipment that of a terminal elevsator.

In feed mills it is the exception rather than the rule
to find group drives for machinery. Individual motor drive
is used because of the fact that each grinder, for instance,
is independent of the operations of a mixer and so on through
the plant. It 1s not uncommon to find as many as 100 motors
in the larger commercial feed mills.

So far as the hazards of dust are concerned, they are
not far different from those existing in flour mills and
grain elevators. It is usually more difficult to maintain a
feed mill in a clean and neat order owing to the more open
nature of operations, so feed mills are generally considered
more hazardous from the dust explosion standpoint than flour
mills. The matters of selection and installation of electric
power and lighting equipment for feed mills are of prime
importance to provide the necessary safeguards against
ignition of dust.
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building is employed to house the cotton seed cake grinding
operations. This, however, does not affect the classification
and all such departments included under 3 and 4 must be
rlaced in the hazardous class. Figure number 4 is a repro-
duction of a photograph taken of a large eastern commercial
feed mill.

In the large commercial feed mills, the grain receiving
and storage department, as in division 2, approach in con-
struction and equipment that of a terminal elevator.

In feed mills it 1s the exception rather than the rule
to find group drives for machinery. Individual motor drive
is used because of the fact that each grinder, for instance,
is independent of the operations of a mixer and so on through
the plant. It is not uncommon to find as many as 100 motors
in the larger commercial feed mills.

So far as the hazards of dust are concerned, they are
not far different from those existing in flour mills and
grain elevators. It is usually more difficult to maintain a
feed mill in a clean and neat order owing to the more open
nature of operations, so feed mills are generally considered
more hazardous from the dust explosion standpoint than flour
mills. The matters of selection and installation of electric
power and lighting equipment for feed mills are of prime
importance to provide the necessary safeguards against
ignition of dust.
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CEREAL MILLS

Cereal mills may, in general, be considered to be in
approximately the same class as feed mills with regard to the
dust hazard. This applies especially to those producing rolled
oats, for records reveal a number of disastrous dust explosions
in such plants. In the better type of cereal plants, such as
those producing corn flakes and other breakfast foods, the
standard of housekeeping is usually of a high grade and, there-
fore, the dust explosion hazard, as affected by the nature of
the electrical installation 1s not as serious as in others.
However, all cereal mills must have facilities for receiving
grain. Hence, the grain receiving department or elevator must
be considered in the same class as any other elevator. The
other departments of a cereal plant are subject to individual
study and judgment.

Figure No. 4.
A Large Commercial Feed Mill.

The buildings in the background are the
feed mill and elevator divisions. The
warehouses are shown in the foreground.
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STARCH FACTORITS

The larger part of the starch made in this country 1s
a product of corn. Due to the carbonaceous nature and finely
divided character of powdered starch, it has been found to be
extremely exploslive. Several disastrous explosions have occurred
in starch plants within late years and, unfortunately, in most
of them, a number of lives were lost.

The manufacture of corn starch first involves means for
recelving and cleaning the shelled corn. For these purposes
the starch factory buildings include a grain elevator similar
to those previously discussed. In the larger starch factories
this elevator is practically in the terminal class and it
should be so regarded.

When the shelled corn has been thoroughly cleaned in the
elevator, it is conveyed or spouted to the main starch plant
where 1t is placed in steeping tanks contalning water, where
it is permitted to remain for from thirty to forty hours.

From this point to the point where the starch i1s kiln dried,

the process 1s of a wet nature and, therefore, the dust explosion
hazards are not present, and these divisions of the process need
not be discussed here. By the time the starch reaches the kiln
drying operation, the hull, the steepwater or soluble protein
matter, the germ from which corn oil is made, and the gluten have
been removed, leaving starch, the maln product, which constitutes
about 65 per cent of the original shelled corn. The starch 1is
placed in drying kilns in screened trays on wagons and after
drying about twenty-four hours, the starch is passed through a
milling process similar to that of a flour mill whereby the
starch is reduced to the size required by the particular purpose
for which 1t 1s to be used.

Edible starch 1s given further washing and milling to
remove Ilmpurities, while laundry starch is partly cooked with
steam to increase the solubility, then pressed, broken up and
passed through reels. After these operations, the starch 1s
packed in barrels, bags, or cartons as desired.

Dextrine is made by treating dry starch with a small
amount of hydrochloride or nitric acid, and roasting until the
starch 1s partially cooked or dextrinized. Dextrine is used for
making glue, gum, leather dressing, cloth and carpet sizing, and
foods.

Corn syrup is made from wet starch from the filters and
the process 1s non-hazardous from our viewpoint. Therefore, it
willl not be discussed. As a by-product in the manufacture of
the syrup, corn sugar 1is produced, but under ordinary conditions
the process is not hazardous so far as aprlication of Article
32 1s concerned.
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Of the various divisions of a starch factory, the elevator
should be %iven the same treatment as given under "Terminal Grain
Elevetors,” that 1s, regarded for the most part as a Class II
location. The sections of the main starch plant beginning at
and including the dry kiln room through the packing depsrtment,
should likewise be considered as Class II locations except for
offices, leboratories, or similer rooms, cut off frowm the hazardous
area so as to be free from starch dust, end the warehouse used
solely for the storage of finished starch in barrels, sacks
or cartons, It 1s likely that the larger part of the dextrine
department s»ould slso be considered as Class II locations
owing to the fact that dry starch and dextrine sre handled.

The gluten feed department is somewhat similsr in nature to
a feed mill and, therefore, requires consideration as
recommend2d under the section "Feed Nills."
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RICE MILLS

In the process of preparing rice for the domestic market,
g certain amount of combustible dust 1s liberated, maklng it
necessary to regard certain parts of rice mills as Class II
locations.

Fice mills, as found in Loulsisna and Texas, receive
the rough rice 1n sacks from the rice warehouses located
throughout the rice growing sectlons. In the rough form, the
rice grain 1s covered by a thin skin known as bran and this
by a tough hard shell or hull. The milling processes consist of
thoroughly cleaning the rough rice or "paddy", then hulling,
removing the bran, polishing and grading and finally packing in
sacks or cartons. As In the case of flour and feed mills,
facilities must be provid 4 for the storage of rough rice.
In the ususl rice mill we, therefore, find extensive warehouses
for the storage of this rice in sacks. These war-~houses.commonly
adjolin an elevator similar in nature to the grain elevators
previously discussed, and in these are located machinery for
cleanling and handling the rough rice in bulk, previous to its
being conveyed or spouted to the main mill tuilding rroper
for processing. In handling rice in the elevator, consicerable
dust 1s usually released, and inasmuch as rice dust forms
explosive mixtures with air, the elevator should be considered
as a Class II location as gqualified by the analysis given
under "Grain Elevators." The warehouses used for the storage of
sacked rice are usually cut off from the elevator ancd, therefore,
need not be consldrred as Class II locations.

In the processes of hulling, separating, pearling,
polishing and grading carried on in the rice mill proper,
there is considerable combustitle dust liberated, in fact,
while no grinding is actually done in the ordinary rice mill,
the rice milling building 1s subject to the same comments as
made under "Flour Nills", and the builcding is regarcded as
a Class II location. Where rice flour is produced, the process
1s similar to that used in the milling of wheat flour and is,
therefore, to be similarly considered in establishing the
application of Article 32. After the finished rice comes from
the milling process, it 1is sent to the packing department in sacks or
cartons. Thils 1s usually done in a separate bullding attached
to, but cut off from the mill buillding and commonly forms a
part of the warelhouse used for the storage of the finished
sacked or package rice. The packing department and warerouses
should not be considered as hazardous locations.
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VEGETARBLE OIL INDUSTRY

Vegetable oils, such as cotton seed, linseed, soy bean
and others of this class, are not regarded as flammable volatile
liquids due to the fact that their flash polnts are relatively
high, ranging from 470 to 590 degrees Fashrenheit. However,
there are certain hazards attending their production and
refining which require that they be discussed briefly. It is
recognized that these vegetable o0i1ls are hazardous from the
standpolnt of contributing to sportaneous ignition, but that
hazard does not immediately concern us.

Cotton Seed 011 Mills

In the manufacture of cotton seed o0ll, the cotton seed
is received directly from the cotton gins as removed from the
seed cotton by the gilnning process. In this form the seeds
contain much forelgn materlal such as dirt, bolls and twigs,
and the seeds have clinging to them considerable 1lint. Upon
arrival at the oll mill, the seeds are stored in the seed
house from whence they are passed through revolving reels or
screens to remove the foreign material. The next step is the
delinting process by which means the 1lint 1s removed from
the seeds. This is done by means of machines similar to
cotton gins. The seeds then enter the bhulling machines while
the cotton linters are baled for shipment. After hulling, the
seeds are crushed, cooked and finally pressed to remove the
oll, which is then refined by filtering. The cotton seed cake
remaining from the pressing process 1s broken up or sold
whole to be used in the manufacture of live stock feeds. From
our point of view, the hazards connected with a cotton seed
01l mill are those resulting from the presence of cotton lint.
The delinting room is commonly found to have considerable
loose,easily ignitable lint hanging to machinery and building
members, and ignition of this lint would cause a serilous
flash fire. The d=linting department should be regarded as
a Class III location. The baling room, cleaning department,
and seed house are also hazardous locations because of the
presence of 1lint, and all should be regarded as Class III
locations.

Soy Bean 01l Mills

In plants used for the manufacture of soy bean oll, the
hazards are not particiarly great from our standpoint unless
the solvent extraction method of separating or refining the
01l is used. If this method is used, the extraction or refining
rooms become Class I locations as do the rooms containring the
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pumps used to handle the flammable solvents used in the process.
Attention 1s called to the section entitled "Extraction
Processes™ under "Chemical Works." The soy beans as received

at the mill are handled and stored in a manner similar to

that used in connection with flour mills, that is, in elevators,
This section of the plant then, 1s subject to the comments
under "Grain Elevators,"

Linseed 011 Mills

The process of producing linseed oll is quite similar
to that used for soy bean o0ill, and the same comments applye.
The flax seed 1is received in bulk and handled and stored
in graln elevators identicd with those used in connection
with flour mills,
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WOODWORKING FACTORIES

In this class are included a large number of industries
producing lumber or articles manufactured from lumber such as
saw mills, piano factories, furniture and cabinet works, box
factories, wagon and auto truck building plants, wicker, veneer
and woodenware works, agricultural implement factories and
numerous others. In many of our industries, woodworking is an
important operation in the manufacture of articles requiring
other processes such as the working of metal, upholstering and
paint and varnish finishing and, therefore, we may have a
combination of different types of hazards present in a plant
normally classed as a woodworker.

Considering for the moment only the immediate hazards
of the woodworking industry as such, we find we are concerned
with one which involves the production of a great amount of
waste in the form of wood shavings, saw dust and finely
divided wood dust. The modern woodworker is equipped with
adequate blower systems which remove this waste practically
as fast as it is produced and, therefore, the amount of waste
accumulated ebout the various machines isgt a minimum. Howsver,
there 1s still usually a certain amount of waste which accumu-
lates about machines to such an extent as to collect in
objectionable quantities in open motors, in switch boxes and
on resistors and lamps. Such waste, especially when in the
form of fine dust or as loose shavings, may readily be ignited
by sparks or arcs from electrical apparatus and wiring.

In the newer types of wood working machinery, we find
that individual motor drive has been adopted to a very large
extent, the motor and its controller being mounted directly
on the machine or built into it as an integral part. Unfortun-
ately, this practice often places the motor at a point where
it 1s subjected to considerable dust and many motor burn-outs
and resulting fires are traced to breakdown of windings caused
by these dust accumulations. However, there now seems to be a
trend toward the use of the enclosed types of motors for use
with woodworking machinery a course which is highly commended.
In the older woodworking plants, it is common to see motors
mounted on platforms suspended from ceilings in which position
they are likely to gather considerable fine dust, and as they
are relatively inaccessible due to their location, probably
do not receive as frequent cleaning as is warranted. In many
cases, therefore, the engineer is justified in requiring that
motors be of the enclosed type. This point is definitely
covered in the rules for Class III locations, in which class
woodworkers fall.

The nature of the waste in woodworking plants is such
as to render dust explosions an improbable occurence, with
the exception of the shavings and dust vaults, in which it is
cormon to find a cloud of fine wood dust in suspension. These






94

vaults should be regarded as Class II locations. However,
flash fires may easily occur in the main plant, especlally in
the neighborhood of sanding machines where a very fine dust 1is
liberated. A certain quantity of this dust passes off into the
alr in spite of dust collector systems, and finally comes to
rest on beams and other horizontal surfaces in a thin film
through which fire may pass wlth considerable rapidity. There=-
fore, in woodworking plants, precautions should be taken to
prevent ignition,.

In the application of the rules for Class III locations
to woodworkers, it 1s necessary to conslder as Class III
locations, only those areas surrounding machines which produce
waste In quantities. The general joilning, fitting and assembling
departments as usually found, may be regarded as sufficiently
safeguarded by the use of reasonable care in locating motors
and in enclosing switches, fuses and motor controllers.

Where painting and varnishing are done on any considerable
scale, the departments where thils process is carried on should
be cut off from the balance of the plant and considered as
Class I locations. This department 1s then subject to the
discussion given under "Finishing Processes"”.

Upholstering 1s often an important process in woodworking
establishments, especlally in those manufacturing furniture,
automobile bodies and caskets. This process usually involves
the use of large quantities of readily ignitable fibers and in
plants of appreciable size include the storage and picking of
such firers. The hazards involved are similar to those dis-
cussed under "The Cotton Industry" to which reference should be
made. The upholstery departments are usually in separate
divisions and these should be considered as Class III locatlons.

L ]

A comparatively new lndustry 1s that concerned with the
manufacture of wood flour which 1s used as the basis for wood
fillers and other purposes. In the preparation of this product,
wood is reduced to a very fine powder in pulverizing mills and
is attended by the release of considerable fine dust. Although
the writer has never had the opportunity of visiting a plant of
this type, the N.F.P.A. Committee on Dust Explosion Hazards has
seen fit to draw standards for the construction and arrangement
of wood flour plants in which adherence to the rules for Class II
locations 1is prescribed with respect to the installation of
electrical apparatus and wiring.
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INDUSTRIES AND PROCESSES IN GENERAL

To this point we have discussed in a rather complete
manner, a number of industries and processes in which the rules
of Article 32 apply more or less generally. There are, however,
numerous other industries or processes to which the rules of
Article 32 should be applied, probably to a small part of the
plant or to a portion of a process or operation. In the follow-
ing & few of these will be mentioned merely indicating the
probable application of the rules of article 32.

Ammunition and Explosives

The manufacture of these materials is in the hands of
thoroughly reliable firms who take upon themselves the responsi-
bility for safeguarding 1life end property. Hence, discussing
recormendations for electrical construction in factories manu-
facturing these materials would be of questionable valuwe. In
general, motors and their control apparatus sre placed outside
the hazardous area, and lighting is by the indirect method with
the lights placed in a non hazardous area.

Automobile Factories

The chief hazards from our viewpoint are woodworking,
painting, varnishing and upholstering, all of which have been
discussed under their respective headings.

Candz and Chocolate Factoriles

Only the sections used for the pulverizing of cocoa and
sugar should be placed in the hazardous class. Cocoa and sugar
dusts are explosive and, therefore, the rooms where these are
produced should be considered as Class II locations.

Clothing Factories

-In the cutting of cloth considerable waste and lint are
often produced and reasomable means should be taken to prevent
its ignition. The rules for Class III locations should be
followed as far as they apply.

Coal Pulverizing and Handling

Coal dust i1s extremely explosive and this should be
kept in mind when considering electrical installations in
power houses or other locations where coal is pulverized. In
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general, the coal pulveriging departments are regarded as Class
II locations. In the handling of bulk coal in coal elevators,
coal pockets and bunkers, similar consideration to the rules
for Class II locations should be given.

Combustible Fibers other than Cotton

In general, the same comment applies as given under "The
Cotton Industry." Bagging factories and upholstery works should
be considered as Class III locations. Warehouses used for the
storage of fibers such as jute, tow, hemp, etc., are included
as Class IV locations.

Electric Appliance Manufacturing

Finishing process hazards are predominant from our view-
point. Also hazards attached to the use of flammable volatile
golvents for thinning insulating varnishes applied by dipping
and bakinﬁ. Reference should be made to section on "Finishing
Proceses.

Garages

Inasmuch as electrical rules for garages are contained
in Article 33 of the National Electrical Code, discussion of
them is not within the province of this thesis.

Hat Manufacturing

In the manufacture of straw hats, the practice of using
pyroxylin lacquer for sizing and varnishing 1s becoming very
common. Generally, this is required to be done in & cut off
room which, with the drying room, should be regarded as a
Class I location. The hazards are similar to those discussed
under "Finishing Process."

Mattress Factories

These are usually regarded as a poor fire insurance
risks due to the presence of quantities of loose combustible
fibers. In general the sections devoted to the storage of
the fiber, the picker rooms, and the mattress filling depart-
ment should be regarded as Class III locations.
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Metal Working Processes

Outside of the hazards associated with the painting or
varnishing of finished products, the hazards of metal working
processes are light. A notable exception is that present when
dipping processes involving flammable solvents are used for the
removal of cutting oil and grease preparatory to heat treatment
or plating or for rust proofing purposes. The hazards of such
dipping processes are equivalent to those of ordinary naphtha
thinned varnish dip processes. Attention 1s called to the
section headed "Finishing Processes."

011 Clothing Factories

In one step in the process of manufacturing oil clothing,
the garment is painted with a naphtha thinned varnish. General
rules usually require this to be done in cut off rooms which
should be regarded as Class I locations. This also applies to
the dry room connected with this step of the process.

Paper Industry

The manufacture of paper must be regarded in the light
of a process producing an easily ignitable material. The modern
paper factories producing newsprint and similar papers from
wood pulp are usually well ordered and all waste is promptly
removed and reworked. In paper factories producing special cut
papers, there 1s likely to be considerable waste and cuttings,
and in such plants extra precautions should be taken to prevent
ignition. It is probable that reasonable application of the
rules for Class III locations will be sufficient. In the
production of certain papers or paper products, such as boxes
and cartons, varnishes are used. Such processes should, in
general, be subjected to the comments made under "Finishing
Processgs." Also see section on "Fabric and Paper Coating
Plants.

Printing Industry

In this industry, we are concerned chiefly with the use
of flammable liquids in the mixing of inks and cleaning of
type and presses. Usually, the amounts of such liquids used
for the latter are comparatively small and require only reason-
able care to prevent ignition of vapors. However, in some
types of inks, especially those used for "Rotogravure"
processes, naphtha 1s used for thinning, in fact some roto-
gravure inks are composed of one part ink to three parts
naphtha. In printing establishments where such inks are used,
it 1s apparent that rigid precautions should be taken, possibly
to the extent of enforcing all provision of the rules for Class
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I locations, especlally if the presses are locsted in small,
poorly ventilated rooms. Another hazard found in some types of
printing establishments i1s that of accumulation of waste paper
and trimmings which justifies the enforcement of the rules for
Class III locations in some instances.

Soap Manufacturing

In the manufacture of some types of soaps naphtha 1is
added to the extent of about 5%. The naphtha 1s added when
saponification is completed and is mixed with the soap at a
low temperature. Necessarily, the manufacture of such soap en-
tails the storage and pumping of naphtha and requires the
application of the rules for Class I locations to the pump
houses and the rooms where the narhtha is mixed with the soap.
In tollet soaps, of the transparent variety, alcohol is used
for the purpose of dissolving the soap and permitting the
impurities to settle, whereupon the alcohol is distilled off.
Obviously, the rooms or sections where these processes are
carried on should be regarded as Class I locations. Liquid
soap 1s made by dissolving a hard soap, usually made from
cocoanut o01l, in warm alcohol to which potash and essences
are added. It is likely that the flammable vapors of alcohol
will be present where this process is carried on and, there-
fore, the rooms or section involved should be considered as
Class I locations. It has been discovered that soap dust 1is
explosive and for this reason due consideration should be
given to the application of the rules for Class II locetions
to the socap pulverizing rooms.

Sugar Reflneries

The manufacture and refining of sugar is largely a wet
process and, therefore, there are no unusual hazards present
from our viewpoint. However, when sugar 1is pulverized, the
dust explosion hazard is present as sugar dust is quite
explosive. The rules for Class II locations should be en-
forced in the pulverizing rooms or department.

Woolen Industry

As wool fiber is not readily ignitable and burns very
slowly, we are not concerned with the woolen industry general-
ly. However, in many types of woolen fabrics some cotton is
used which may place certain sections of what are normally
woolen mills in the hazsrdous class. When this is found to
be the fact, the comments made in the section entitled "The
Cotton Industry" apply.
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Containing a complete
discussion of the rules
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rated to indicate apparatus
avallable and methods of
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THE RULES OF ARTICLE 32

INTRODUCTORY

Having disrosed of the question of classification by
means of the foregoing discussion, it 1s now in order to discuss
the individual rules of Article 32 as applied to each of the
four classes into which the various types of hazardous materials
have been placed. Such discussion should be of value inasmuch
as many engineers and inspectors have requested interpretations
regarding the application of some of the rules to definite in-
stallations and advice concerning the suitability of certain
apparatus for use in a given hazardous location. This might
seem to indicate weakness in the wording of the rules, but
before reaching the conclusion that the rules should be more
explicit, it should be remembered that an attempt has been made
in Article 32 to outline the requirements for safe electrical
construction for 2 host of various types of industries and con-
ditions. To mention in the rmules every conceivable condition
which might arise would result in an article far too lengthy
for the practical uses of the engineer or inspector. In fact,
it would be & volume in itself. Necessarily then, the rules
were required to be more or less general with respect to
detalled application, and yet specific enough in principle to
be capable of enforcement.

In this section of the thesis it is proposed to discuss
each rule individually. First, by stating the intent of the
rule and the reasons for its inclusion; second, by suggesting
possible forms of electrical construction to comply with the
rules; and third, by i1llustrating the application of the rule
with photographs or drawings of avalilable apparatus or actual
installations. Included also is a brief outline of the
standards of the Underwriters! Laboratories and thelr test
methods as pertaining to the construction and required per-
formance of electrical apparatus such as motors, controllers,
fittings, and switches, intended for use in hazardous locations.
To eliminate possible confusion, each of the four classes into
which Article 32 is divided will be considered separately, and
to render unnecessary reference to a copy of the National
Electrical Code, each rule will be quoted in full.

GENERAL

Under the heading of "General" there appears a rule
(Rule 3202a) which applies to all of the four classes and
which states: "The requirements of this Article shall be con-
sidered additional and amendatory to those prescribed in
Articles 1 to 19 inclusive of this Code." This rule is insert-
ed for the purpose of calling attention to the fact that the
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rules of Article 32 are not complete in themselves as covering
all phases of an electrical installation, but are merely
supplementary rules to provide the necessary guidance for in-

stallations in locations more hazardous than those ordinarily
found.
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CLASS I LOCATIONS

The first rule (Rule 3202a) of this section states: "In
locations judged to be as described for Class I in paragraph b
of section 3201, the following provisions shall be observed."
This was inserted in order to make clear that the rules of
section 3203 are to be applied when the engineer or inspector
Judges the conditions present to be as described in the
definition of what should be considered as Cless I location, =--
in brief, where flammable gases, vapors, or highly flammable
substances are present.

In several of the rules of this Class the term "explosion-
resisting®™ occurs. A few words in explanation of this term at
this point will make toward a better understending of the rules.
It has been found that it is practically impossible to make
joints in conduit or fittings, the cases of controllers, and
the enclosures of motors such as to be vapor or gas=-tight. The
alternate heating and cooling of the air within the enclosures
results in an unbalancing of pressures to such an extent that
the vapor or gas is forced through even the most minute open-
ings. This phenomena is usually referred to as "breathing".
Assuming, therefore, that the vapor or gas will enter the
conduit and other parts of the enclosing system, it can be
expected that the mixture of vepor or gas and air will explode
when an arc occurs within the enclosure if the mixture is with-
in the flammable limits of the vapor or gas involved. With this
in mind, 1t 1s apparent that conduit joints and fittings, motor
and controller cases, and other enclosures must be so designed
as to prevent the emission of flame or hot gases, as well as
to withstand the pressures developed within the enclosing
system. The tests of the Underwriters' Laborstories, as will
be pointed out later, are made on this basis.

Service.Equirment, Panelboards and Switchboards

Rule 3203b provides: "Service entrance equipment, and
all panelboards and switchboards shall not be installed."

It was felt that there was no good reason for install-
ing this equipment within the hazardous area inasmuch as
provisions could always be made for locating service equipment,
panelboards and switchboards outside of the hazardous area.

The rule is based on a premise which is used throughout Article
32, namely, that of eliminating as much electrical equipment
from the hazardous area as possible, consistent with sound
economics, and providing that more serious hagzards, whether

of an electrical or general nature, are not introduced by such
elimination. While it may be possible to design and build
explosion resisting service and distributing equipment, the
cost would undoubtedly be excessive, especilally for installa-
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tions of any considerable size. Furthermore, the replacement of
fuses which might often be necessary during working hours would
entail opening the enclosing cases, a procedure which is dis-

. tinctly undesirable.

In an industrial plant such as an oil refinery where the
ma jor portion 1s classed as a hazardous area, the service equip-
ment, panelboards and switchboards are best located in a
separate building outside of the hazardous area or one so built
and located that explosive vapors will not be present within it.
Very often such a building can be utilized for containing auto-
matic motor controllers as well as the service and distribution
equipment, thus serving a dual purpose.

In other instances where only a small part of the ares
is classed as hazardous the service equipment can usually
readily be placed in an adjoining room or building in which
the hazardous conditions are not present. As an illustration,
in a rubber factory where the churn room may represent the
only hazardous location, the service equipment could be placed
in the calender room, boiler room, or other similarly non-
hazardous location, and yet be convenient with respect to the
churn room.

Type of Wiring

The Code requirements for wiring in Class I locations
are contained in Rule 3203c¢c as follows: "Rigid conduit with
vapor-tight joints and fittings shall be employed as the type
of wiring. Where it 1s necessary to employ flexible connections,
as at motor terminals, an approved flexible fitting of the
explosion resisting type may be used. At points where conduit
terminates, such as at motor terminal boxes, switch boxes and
similar places, provision shall be made for sealing off the
conduit by use of a suitable insulating compound to prevent
the passage of gases or vapors through the conduit system."

It 1s imperative that the type of wiring employed in
Class I locetions be of the safest type available. Rigid con-
duit seemed to be the only type which could be regarded sas
answering this specification for the reason that, unlike
various types of wiring, it provides, (1) effective protection
against mechanical injury to the conductors, (2) a low
resistance equipment grounding circuit, (3) reasonable pro-
tection against possible arcs burning through the conduit
wall, (4) explosion-resisting threaded joints or couplings,
and (5) a type of wiring not unreasonably exrensive. Other
types of wiring such as armored cable, non-metallic sheathed
cable, and open knob and tube wiring are not considered
suitable for use in Class I locations for obvious reasons.
Electrical metallic tubing or thin-walled conduilt, as it 1is
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sometimes called, 1s a comparatively new wiring material and
although having many good quslities has not yet been considered
satisfactory for hazardous locatlions. Its construction is such
as to necessitate the use of threadless fittings with which
there might be difficulty in making joints and connsctions
permanently explosion-resisting.

It will be noted that the rule requires that joints bve
vapor=-tight. It has been found that it is impracticable to
make joints vapor tiznt, due to the "breathing cffect.” However,
1t has been established by test that the joints 1n successive
lengths of condult using threaded couplings are explosion-
resisting provided that at least five threads of each length
of cordult engage those in the coupling. From our standvoint
approval based on the joints teing explosicn-resisting rather
than vapor=tight 1s warranted. As a matter of fact, tlhe next
edition of the Code will so amend the rule.

What has been stated in the preceding paragraph with
regard to ta= 1equlirement for vapor-tight points also applies
to the various types of conduit fittings., Complete lines of
explosion resisting conduilt fittlngs have been developed and
are readily obtainable. Many of these have been approved for
Class I locations by the Underw iters! Laboratories which have
developed standards for the design and test of such fittings.
-These are equipped with threaded hubs rather than the usual
"knock=-out" openings and the covers are of the screw type,
both provided with at least five engagling threads. Figure
number 5 1llustrates a group of approved fittings for various
uses in Class I locations. The method of testing fittings is
very similar to that employed in testing Class I motors to
which section reference should be made.

Because of the fact that in many applications, it is
necessary to provide a flexible connection at the terminals
of a motor to permit shifting the motor on its base to take
up looseness in belts, it was found necessary to make a
concession and permit a flexitle fitting at the motor terminals,
In some Instances it is necessary to provide some flexibility
at motor termirals to prevent breakage of the conduit or
objectionable loosenirg of condult connections.where excessive
vibration exists. It will be noted that the rule requires that
this fitting be approved, and whille approved fittings for this
purpose are not yet avallable, it is expected that one
will recelve approval shortlye. This particular type con-
sists of a flexible metal tube made up of closed convolutions
of speclal design and the whole covered with a wire braid,
Screw connections are fltted to elther end for attachment
to the rigid conduilt fitting and the motor termiral box.
To obtain approval it is, of course, required that this






Figure No. S.

Group of Explosion-Resisting
Fittings for Class I Locations

TYPE EYS SEALING CONDULET

TYPE EYS SEALING CONDULETS WERE
DESIGNED TO FACILITATE SEALING OF A
RIGID CONDUIT SYSTEM AS REQUIRED
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fitting be explosion-resisting. The use of such flexible
fittings should be avoided whenever possible but there are
times when the exigencies of the case require their use and
only then should they be permitted.

The provision for sealing-off conduit runs at motor
terminal boxes, switch boxes and similar places was inserted in
the rule for two reasons. Recognizing that the conduit system,
controller cases, motors, and other enclosures are not vapor-
tight, the "breathing action" would cause the vapors or gases,
mixed with air, to enter the enclosing system where the
mixture might be ignited by an arc from a motor controller, a
spark from a motor or from an arc in the wiring. As the first
consideration, it is desirable to 1limit the amount of vapor or
gas present in an enclosing system subject to a single source
of ignition by sealing off the conduit at the points mentioned
and so break it up into a series of individual enclosures.

This 1s especially important at motor controllers, switches,
and commutator type motors where sources of ignition are
present in normal operation, but should be done at all fittings,
outlet boxes and other points as well, whether containing
normally arcing or sparking parts or not. The second considera-
tion involves the tendency of gases and vapors to diffuse.
Assuming the presence of an explosive mixture in the conduit

it would be most undesirable that this mixture be permitted to
flow through the conduit to a point beyond the hazardous area
to a service switch for instance, which being in a non-hazard-
ous area would be permitted to be of the ordinary enclosed
type. It is reasonable to believe that under some conditions

a sufficient amount of an explosive mixture of vapor or gas
and air would accumulate in this service switch to cause an
explosion when the switch was operated. The switch box not
being designed to withstand such explosion pressures would
most likely burst, causing injury or fire.

Some manufacturers have so designed their Class I
fittings, controller cases and other equipment to effect seal-
ing by providing small wells into which the melted compound
can be poured after the conductors are in place. There are
avallable specially designed sealing fittings which are in-
tended to be used at controller cases and similar points to
provide easy facilities for sealing. One of these will be
found 1llustrated in figure number 6. There are also suitable
insulating compounds on the market, some of which are specially
compounded to resist the solvent action of certain vapors and
gases and which will not soften or crack in use.
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Fuses and Circuit Breakers

The text of the rule (Rule 3203d) governing the use of
fuses and circuit breakers is as follows: "Fuses shall not be
installed unless mounted within explosion-resisting enclosures.
Circuit breakers, if used‘ shall be of a type approved for use
in explosive atmospheres.

It 1s contemplated that fuses and circuit breakers
generally will be located outside of the hazardous area as
discussed under "Service Equipment, Panelboards and Switchboards."
However, there are instances where it may be desired to install
them for single branch circuit protection or for motor overload
protection in locations within the hazardous area. Obviously,
it would not be desirable to depend on ordinary pressed steel
cagses for enclosing such devices in a hazardous area and there-
fore, explosion-resisting enclosures are specified for fuses and
specially approved types for circuit breakers.

At this writing, there are no assemblies of fuses mounted
in explosion-resisting enclosures approved by the Underwriters!
Laboratories. It is probable that when such an assembly is
submitted for approval that it will be as a complete device
consisting of a cut-out block mounted in an explosion-resisting
case having sufficient strength to withstand the pressures
generated by explosions of vapor or gas and air within the case
as well as those resulting when the fuses are called upon to
open on heavy ground or short circuit conditions.

It is generally recommended that when it is necessary to
use a form of circuit protection within hazardous areas, that
circuit breakers be used in lieu of fuses. Circuit breakers
are arranged so as to be self-resetting or so as to be capable
of being reset without opening their enclosures, whereas in the
case of fuses, the enclosures must be opened when renewals are
made. The 1a£ter is a decidedly unsafe practice.

There are available a variety of circuit breakers which
have been approved for hazardous locations. The demand for
such devices has been confined to a large extent to those of
comparatively small capacity, that 1s, up to about 50 amperes.
The units now available employ the small circuit breakers
incorporating a thermal trip of the types represented by the
Westinghouse "Sentinel." These circuit breakers are enclosed
in explosion-resisting boxes fitted with threaded hub conduit
connections and a screw type cover to permit inspection and
repair. In Figure No. 7 are reproductions of drawings of two
types of circuit breakers now available. Figure No. 8
illustrates two hypothetical installations making use of
circuit breakers and other apparatus. These are externally
operable and may be used as a switch for the control of small
motors, lights or other devices in lieu of a switch if desired.






The operating lever extends through a hub on the enclosure so
arranged that the emission of flame or heated gases at that

point is prevented.

The testing of devices of this character

follows somewhat the sare plan as outlined for motors for

Class I locations.

Figure No. 7.
Two Types of Explosion-Resisting
Circuit Breakers.

These devices consist of thermal type circuit
breaker units enclosed in explosion-resisting
fittings and arranged for manual operation.
These may be used for branch circuit operation
or as control switches for lighting circuits

or small motors.
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CROUSE -HINDS COMPANY Figure No. 8.
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Motors

Rule 3203e requires that "Motors shall be of the types
approved for use in explosive atmospheres." -

From our point of view there are two types of motors;
first, those which have sparking or arcing parts, which
includes the usual single phase commutator motors, direct
current motors, wound rotor slip ring motors and some poly-
phase self starting motors which employ open centrifugal
switches or similar devices; and second, squirrel cage
induction motors. Although motors of the first type are more
hazardous than those of the second, when operating in a
hazardous atmosphere, it was deemed necessary to require that
all motors be of types spproved for operation under the par-
ticular conditions to which they will be exposed. The word
"approved" as defined in Article I means, briefly, "acceptable
to the authority enforcing this Code." In reality, as accepted
in practice, the definition is extended to imply, so far as
equipment is concerned, test, approval and subsequent listing
by the Underwriterst! Laboratories, as individual inspection
authorities, rarely possessing the necessary apparatus, are
not in position to make the required tests.

A motor, to be consldered safe for operation in Class
I locations must necessarily be so designed that whether in
normal operation or in case of a fault, such as a burn out,
it will not cause ignition of the hazardous material outside
of the motor. It is recognized that an open squirrel cage
induction motor normally having no arcing or sparking parts
would be safe 1f positive assurance were had that it would
operate as intended at all times. However, it is a known
fact that such motors develop faults which produce arcs and
sometimes complete burnout in spite of the best of maintenance
and protection, and so even such a motor cannot be considered
safe in Class I locations.

In order to regulate the production of motors intended
for Class I locations the Underwriters'! Laboratories assisted
by the Industry Conference of the motor manufacturers have
developed standards for the design and performance of a
special type of motor. It was found by test that the ordinary
types of enclosed motors were not suitable for several reasons.
The Underwriters' Laboratories standard covering motors for
class I locations is of too great length to repeat in full in
this thesis. However, briefly stated, the requirements provide
that; (1) the casing or enclosing housing of the motor shall
have sufficient mechanical strength (with certain prescribed
factors of safety) to withstand successfully the explosion of
flammable substances within the casing; (2) the fits at points
where joints are made and at the shaft openings shall be of
such width and length as to prevent the issue of flame or
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heated gases or vapors produced by such explosions to the
atmosphere surrounding the motor; (3) the motor assembly shall
have sufficient heat capacity to prevent the motor casing reach-
ing a temperature which would ignite the surrounding hazardous
substances even in event of burn-out of the motor windings; (4)
the terrinal leads or conductors be securely held and tightly
fitted where they pass into the motor case. (Note: This is
usually accomplished by use of a sealing compound); (5) a suit-
able terminal box be provided for motors larger than one horse
power and a terminal box or provisions for direct conduit
connection for fractional horsepower motors; (6) each motor be
marked with a name plate giving, in addition to the information
generally included, data as to the class and group for which
the motor has been approved.

As in the case of conduit joints and fittings, a motor
to comply with the above requirements need not be vapor tight,
in fact, none of them may be so described, but they may be
termed explosion-resisting which is all that is required to
provide safety. The standards of the Underwriters! Laboratories
for Class I motors recognize three general types of enclosed
motors as candidates for approval for Class I locations; (1)
the totally enclosed; (2) the enclosed-fan-ventilated; and (3)
the enclosed-pipe-ventilated. Of the Class I motors above the
fractional horsepower size so far approved, all are of the
enclosed~-fan-ventilated type. This 1s probably due to the fact
that this type is the most economical to build to answer the
requirements of the standards and also the easiest to install.
The totally enclosed type requires much additional capacity
to secure rated output and, therefore, results in a very
bulky machine. For instance, what would normally be a 15 horse
power open motor may have a rating of only 73 horse power when
it 1is made over into the totally enclosed type. The pipe-
ventilated type, while practical for some applications, offers
objections in the way of necessitating pipes, the installation
of which 1s not always convenient. Figures 9 and 10 illustrate
a sectional and an assembled view respectively of typical
enclosed-fan-ventilated motors which have been approved for
Class I Group D locations. Figure 11 is a reproduction of a
label by which motors approved for hazardous locations may be
identified.

As was pointed out earlier in this thesis, the different
gases and vapors possess varying characteristics as to flamma-
bility and explosion pressures. For economic reasons, due
consideration was given to these facts in the testing and
listing of motors for hazardous locstions. As a matter of fact,
the Underwriters! Laboratories for their purposes have sub-
divided Class I locations as follows: ‘
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Class I, Group A Atmospheres containing acetylene.

Class I, Group B Atmospheres containing hydrogen.

Class I, Group C Atmospheres containing ethyl ether

vapor.

Class I, Group D - Atmospheres containing the vapors of
gasoline, common petroleum, ethyl
alcohol, methyl alcohol, acetone and
lacquer solvents.

These hazardous vapors and gases are arranged in the
order of their degree of hazard, so equipment designed for the
more hazardous conditions can be used for the lesser. As an
example, a Class I Group C motor which is approved for use in
an atmosphere of ethyl ether vapor may be used in a group D
location, where gasoline vapor or others of the group are
present. However, a Group D motor is not approved for use in
a Group C, ethyl ether vapor atmosphere. This holds true in
like manner for the other groups into which Class I is divided,
and as will be pointed out later, applies similarly in prin-
ciple 'to motors approves for Class II locations. The group
classification of a particular approved motor will be found
on the motor name plate.

The tests to which Class I motors are subjected in the
Laboratories are of en interesting nature. It is required by
the Standard that the motors be subjected to a series of
tests in the presence of specific gas or vapor-air mixtures
over the range of flammable or explosive concentrations so
as to cover (1) the maximum pressure effects of the gas or
vapor-air mixture and (2) the maximum propogation effects of
the gas or vapor-air mixture. These tests are conducted upon
the motor with the shaft bearings machined to clearances
representing maximum wear under service conditions.

The tests are conducted by placing the motor in a test
chamber provided with gas inlet and outlet connections to the
pipes carrying the explosive mixture. The motor casing is then
tapped with threaded holes for connection to the inlet and
outlet pipes carrying the explosive vapor or gas-air mixture
and i1s also tapped with threaded openings for attachment of
the explosion pressure recording device and a spark plug for
ignition. Suitable auxiliary equipment is provided to prepare
and maintain the vapor or gas-air mixture in accordance with
predetermined concentrations. The explosive mixture is now
permitted to flow into the motor caming snd the surrounding
test chamber until all of the original ailr has been displaced,
whereupon samples for analysis are taken from within the motor
casing, the test chamber and from the supply line. The mixture
within the motor casing 1s then ignited either by the spark






Figure No. 10.
A Motor Approved for
Class I Locations.

This view shows end where
cooling air is discharged.
The outer shell directs the
blast of air from the fan
over the surface of the
enclosed inner casing.

Figure No. 11.
Label of
Underwriters! Laboratories.

Underwriters’ Sabomtories

° INSPECTED 3
MOTOR FOR HAZARDOUS LOCATION

A label of this type appears )
on approved motorgpwhizg 053 crassil srour ] wo [ NN

permits ready identification.

Figure No. 12,
Explosion-Resisting Motors
in a Petroleum Refinery.

This view shows part of a loading rack
pump house where explosion-resisting
motors are direct connected to loading
pumps.
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plug or by sparks from the motor. Fallure of the mixture in the
test chamber to ignite and explode when the mixture within the
motor casing was fired shows that flame did not propagate from
the interior of the motor casing to the surrounding explosive
atmosphere. A series of sixty or more such tests are conducted,
both with the motor in operation and at rest, and with explosive
mixtures over the entire flammable range.

A burnout test is then made to determine the maximum
temperature reached by the casing of the motor. In this test
the motor windings are actually burned out by "single phasing"
or other means. The maximum temperature usually reached in such
tests on motors which are otherwise satisfactory is about 500
degrees Fahrenheit, which 1s well below the ignition tempera-
tures of all common gases and vapors, with the exception of
carbon disulphide vapor, and possibly that of hexane. Some
solid substances, however, such as pyroxylin, have ignition
temperatures as low as 212 degrees Fahrenheit and naturally
the usual type of Class I motor will not be safe for operation
where pyroxylin dust is present and likely to accumulate on
the motor casing. .

The development of suitable explosion-resisting motors
approved for use in Class I locstions has provided types of
motors which are permitted to be installed directly within the
hazardous area except for those areas where pyroxylin lacquers
or their residues might accumulate on the motor or where
carbon disulphide vapors may be present. When substances
having such low ignition temperature are involved, it is
probable that the only alternative 1s to isolate the motors
from these extra-hazardous vapor atmospheres or substances.
This is the course taken with regard to the motor installations
required for pyroxylin spray booths as will be seen in the
discussion on spray booths later in this sgection.

Attempts at 1solating ordinary open motors from hazard-
ous vapor or gas atmospheres have not always proved success-
ful, dus to the fact that it is difficult to protect the shaft
openings so that entrance of the flarmable gases or vapors into
the motor compartment will be prevented. The "Loss Record"
appearing as the concluding part of this thesis relates several
fires and explosions which have occurred as the result of
depending on such isolation for safety. Approved Class I motors
properly selected with respect to the vapor or gas atmosphere
group are to be preferred to attempts at isolation as & general
rule. In figures 12 to 21 will be found photographs illus-
trating typical Class I motor installations. The explanatory
notes accompanying these 1llustrations describe the hazardous
conditions involved and the advantages galned by the use of
Class I motors in each instance.






Figure No. 13.
Explosion-Resisting Motor
Driving Pump.

Pump is used for handling naphtha and
other volatile solvents. Use of explosion-
resisting motor permits its installation
directly in pump room.

PP
Figure No. 14.
Fan Motor Installation.

This illustration shows use of explosion-
resisting motors for driving fans in gasoline
recovery plants in large Eastern refineries.

Note use of explosion-resisting motor con-
trollers.



Figure No. 15.
Explosion-Resisting Motor
Installation in Bulk
Gasoline Station.

Use of this type of motor
permits its installation in
same room with the pumps.

Figure No. 16.
Motor Installation in
Petroleum Refinery.

View in upper right shows explosion-resisting
motor driving caustic soda pump for scrubbing
condensed gasoline.

Lower view shows group of motors approved
for Class I locations direct-connected to
gasoline pumps. Explosive vapors occur in
this pump house due to the flammable volatile
liquids, hence need for explosion-resisting
equipment.
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Figure No. 17.
A Modern Dry Cleaning Establishment.

The upper illustration is of a dry cleaning
room showing washers along wall and
extractors in foreground all individually
driven by motors approved for Class I
locations.

The lower installation illustrates ome of
a row of tumbler driers each with 1its
individual explosion-resisting motor.



Figure No. 18.
Solvent Recovery Still.

The arrow points to the Class I motor
employed to drive the pump.

Figure No. 19.
Two Types of Solvent Purifiers.

Note explosion-resisting motors used to
provide individual drives for these machines.






Figure No. 20.
Compressed Gas Plant.

Explosion-resisting motor installation

in "bottled" gas plant. Such plants
handle gases of a highly explosive nature,
hence the precaution taken in the type of
motor selected.

Figure No. 21.
Application of Class I Motors
to Unit Heaters.

These unit heaters are intended for
installation in lacquer plants or others
where flammable vapors are present.
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Motor Controllers, Switches, Resistance Devices

And Similar Apparatus

It 1s obvious that it would be unsafe to permit motor
controllers, switches, resistance devices and similar apparatus,
which, in their normal operation create arcs, sparks or high
temperatures, in the hazardous areas with which we are concerned
unless such apparatus were so designed and buillt as to comply
with certain requirements regarding type of enclosure, capabil-
ity of the enclosure to withstand internal explosion pressures,
and ability of the enclosure to prevent emission of flame in
event of internal explosion.

The rules for Class I locetions cover this situation in
Rule 3203 which states: "Motor controllers, thermal cutouts,
switches, relays, the switches and contactors of autotransformer
starters, resistance or impedance devices or other devices or
apparatus which, in their normal operation, tend to create arcs,
or high temperatures, shall not be installed unless such
devices are of a type approved for use in explosive atmospheres.”
Following this rule is a fine print note as follows: "It 1is
recommended that motor controllers be of the remote control
type with the main contactors located at a point where the
hazardous conditions of this class do not prevail, auxiliary
control push buttons or switches of a type approved for use in
explosive atmospheres may then be placed in the most convenient
locetions."

As 1n the case of motors, approval of the apparatus and
devices mentioned or implied by this rule usually involves
compliance with the standards of the Underwriters! Laboratories
for the design and test performance of such apparatus and
devices for the particular atmosphere group in which they are
intended to be used. Definite standards for construction and
test methods have been set up for industrial control devices
for Class I locations. These standards are of too great length
to repeat in full here, but it should be mentioned that two
types of control devices are recognized, viz: (1) those in
which contact 1s made and broken in air (air break) and (2)
those in which contact 1s made and broken under o0il (o0il break).
Briefly, the standard for air break control devices specifies
that the enclosures be of substantial construction and capable
of withstanding certain internal pressure, (with certain pre-
scribed factors of safety), depending on the size and shape
of the enclosure, its free internal volume and on the nature
of the gas or vapor-air mixture. Joints in the enclosure are
limited to certain maximum widths with respect to the length
of the joints and definite requirements are provided with
regard to the nature of the shaft openings for re-setting or
operating mechanisms. Such jJoints and openings are required
to be of the metal to metal type, gaskets not being permitted.
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The standard further states that provision for conduit
connections with threasded joints shall be made and that the
temperature of the exterior of the enclosure, assuming an
ambient temperature of 40 degrees Centrigrade, shall not exceed
safe temperatures for the gas or vepor-air mixtures under con-
sideration, which, for the various groups, are specified as
follows:

Group Mixture Temperature Deg. Cent.
A Acetylene (None given)

B Hydrogen : (None given)

c Ether 180

D Gasoline 280

The tests made by the Laboratories on air break control
devices for Class I locations are practically identical with
those made on motors, with the special provision that the
devices shall be energized at rated potential and with all
current carrying parts at maximum temperatures as based on
full rated load operating conditions. A series of fifty or
more such tests i1s made, covering the entire flammable range
of the vapor or gas for use in which the device is intended.
As with tests on motors, failure of the mixture in the test
box to be ignited and explode when the mixture within the
device enclosure was fired shows that flames did not propogate
from the interior of the device under test to the surrounding
atmosphere. Thus, the two principal points of the standard are
established and the approval of the device is given or it 1is
ro jected. These tests are, of course, additional to those made
by the Laboratories on industrisl control equipment generally.

In oil break control devices, it is required by the
standard to have all electrical connections, joints, terminals,
or arcing parts below the normal o0il level. The enclosures are
required to be of substantial construction and shall be so
designed as to avoid any possibility of sparks being produced
above the o0il level. Visible 01l level indicators must be
provided to indicste minimum, normal and maximum oil levels,
and it 1s required that all connections, termminals, and arcing
parts be 1lmmersed to a depth of at least six inches below
normal o0il level. The exterior temperature requirements are
jdentical with those for air break devices.

In testing ollbreak control devices the enclosure is
filled to two inches below normal level with o0il specified by
the manufacturers of the device. It is then tested by intro-
ducing the particular gas or vapor-air mixture into the
enclosure above the 01l and subjecting the controller to a
series of operation tests conducted at rated potential and
at full rated load. Necessarily, to pass these tests success-






Figure No. 22.
Explosion-Resisting
Switches Approved for
Use as Auxiliaries
for Motor Controllers.

Figure No. 23.
Group of Motor
Controllers Approved
for Class I Locations.

These are of the air-break
type. Note width of flange
of switch case in illustra-
tion to left.



fully no ignition of the flammable ras or vapor-air mixture
should occur.

Although the rule specifies that thermal cutouts, relays
and similar spark producing devices be of the type approved
for use in explosive atmospheres, they are usually an integral
part of a motor controller and, therefore, are approved with
the controller as an assembled device.
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