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according to the modi fied veTS ion of the code. Nevertheless, {.he comr,j t tee
has serious reservations about the entire cla'>si fication procedure an'l
the precepts on which it is based, and these are diEcussed in this ·-eport.

For the longer range, the committee recommends that industry or an appropri"te
u.s. government agency f~ld a research program for the purpose of generating ~

realistic, easily applied method for classifying gases, vapor3, and dusts.
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ABSTRACT

Electrical eC{uipment that operates in an environment containing
combustible materials must conform to requiret~nts rresented in Article 500
of the National Fire Protection Association's NatLmal Electrical Code
(NEe). These requirements reflect the degree of CCmbiJstion hl.zard created
by the particular chemical compounds present lr. the equipment environment,
and compounds are classified in groups that ~~e indicative of the perceived
explosion hazard.

The Coumittee on Evaluation of Indu$trial Hazards of thti National
Research (ouncil's National Materials Advisory Board has classified many
h~ndreds of compounds in accordance ~ith current NEC groupin8s. Although
some tests were conducted on selected key compounds, the ,ommittee primarily
considered the chemical similarity of compounds and other known flammability
properties and relied heavily Dn the experience and intuition of its
members. The committee also has recommended that the NEC grouping of dusts
be changed in some ways and has reclassified dusts according to the modified
version of the code. Nevertheless, the committee has serious reservations
ahout the entire classification procedure and the precepts on which it is
based, and these 8re discussed in this report.

For the longer range, the committee recommends that industry or an
appropriate u.s. government agency fund a rasearch program for the purpose
of generating a realistic, easily applied method for classifying gases,
vapors, and dusts.
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PREFACE

As a result of requests from the Occupational Safet, 3nd Health
Adnlinistration ilnd National lnstitule fClr Occupational Safety and Health.
the Committee on Evaluat:fon (If Industrial Ha?;ards was organized by the:
National ~ateria1s Al1visor/ Board (NMAB)* to make an extensive evaluation
and classification of many gases. vapors, liquids. and dusts. The
committee's expertise Is compi~ised of chemistry; combustion phenomena;
kno\'ledge of codes, standards. and regulations; electrical engineering; and
industrial practices.

The original charge to the committee was to classify these chemicals
according to Article 500 oi the National Electrical Code (NEC); this was
done and reported in a series of earlier reports. However, in the process
of studying and evolving techniques for classification while staying within
the constraints of the NEC. many poin~s were laised that the committee could
not include in its earlier reports bllt that it considered to be germane t,)
the subject of classification. As B result, the committee deeided to isslle
thi,; rEport.

The task of drafting the report was undertaken by J. Arthur Nicholls.
The Chairman wishes to express his deep appreciation to Professor Nicholls
for his painstaking and thoughtful effort. The Chairman also is indebted to
the other membp.rs of the committee. the liaison repr~sentatives, and
technical advisors and to Stanley M. Barkin, NMAB Staff Scientist, anc. other
staff members of the NMAB for their unflagging support. The Chairman also
acknowledges with pleasure the wholehearted support he has received from his
staff at the Naval Research Laboratory during tl", course of the comm:f ttee' s
activities. particularly Mrs. Evelyn Childs who rdS been of great h~lp,

particularly in the earlier stages of the committee's activities.

Homer W. Carhart. Chairman

* The National Materials Advisory Board is a unit of the Commission on
Engineering and Technical Systems of the National Research Council. Its
general purpose is the advancement of materials science and engineering in
the national interest. It fulfills that purpose by proviJiug advice and
assistance to goverrlment agencies and private organrzations on matters of
materials science and techTl::>logy affecting the national interest. by
f(".cusing attenti.on on the materi<1ls aspects of problems and opportunities,
and by making appropriate recommendations for the s,llution of such problems
and the exploitation of the opportunitieu.

v
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Chapter I

INTRODUCTION

BACKGROUND

Electrical equipment and wiring often are located in areas where fire or
explosion hszards exist. The properties of the flammable vapors, liquids,
or ~ases or the combustible dusts that may be present as well as the
likelihood that a flammable ur combustible concentration will exist are
considered in classifying these areas. Article 500 of the National
Electric Code (NEe) addresses this matter and dictates the kind of
electrical equipment that must be used in specific locations.

According to the NEC, Class I locations are th0ge where flammable gases
or vapors may be present in the air in concentrations sufficient to be
ignitable or explosive. and Class II locations are those where combustible
dusts may be encountered in concentrations sufficient to be ignitable or
explosive. These classes therefore refer to physical forms of materials.
The HEC also defines Jocations by divisions that reflect the likelihood that
a material will be present in flammable or combustible concentrations.
These divIsions therefore classify areas. Class I flammable gases and
vapors and Clas~ II combustible dusts also are assigned to groups (A, B. C,
or D and E, F. or G, respectively) according to their ~roperties.

r.iven this framework, it is important that a specific material ~e

classified properly considering both the degree of safety required and the
cost of overprotectioa. It clearly is essential to preclude the likelihood
of e;'plosion; however, overly stringent classification e8G result in
considerably higher costs that, in some ~Ases, make an opera~ion

iTJpraetical. The classification proc.edure thl:refore must be based on
~easonably sound guidelines.

SCOPE OF THE STUDY

The Occupational Safety and Health Administration (OSHA) of the 11.5.
Department of Lalor requested that the Committee on Evalu~tion of Industrial
Hazard s of the NE\ tional Research Coune.1l' s (NRC) National Materials Advisory
Board (NMAB) classify several hundred gaoes, vapors, and dusts in accordance

1
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with the NEe groupings. The list of materials to be considered was later
expanded with support from the National Institute for Occupational Safety
and Health (NIOSH).*

The work of the committee relative to gases and vapors resulted in two
reports: Matrix of Combustion-Relevant Properties and Classification of
Gases, Vapors, and Selected Solids (Report NMAB 353-1) was published in 1979
and classified certain chemicals based on i·hysical and flammability data.
Classification of Gases, Liquids, and Vo1ati.le Solids Relative to
Explosion-Proof Electrical Eq~ipment (Report NMAB 353-5) was published in
1982 and classifies additional chemical compounds.

The committee established two panels to deal with combustible dusts--one
to cla~sify the dusts and one to recommend the test methods needed to
determine dust classification parameters. The conclusions of the Panel on
Dust ~est Equipment. amended and 3pproved by the committee. were presented
in 1979 in Test Equipment for Use in Determining Classifications of
Combustible Dusts (Report NMAB 353-2). The classification of dusts by the
Panel on Classification of Combustible Dusts. amended and approved by the
committee, was published in 1980 in Classification of Combustible Dust in
Accordance with the National Electrical Code (Report NMAB 353-3). Another
report that combines the material from these reports and revises it to
account for changes in the NEe that were made in the 1981 edition and that
reflect some of the recommendations of the committee is in preparation (NMAB
353-4) •

SUBJECT OF THIS REPORT

Du~ing the course of its study, the Committee on Evaluation of
Industrial Hazards recognized that there ~re actually thousands of chemicals
and materials of interest and that others are being introduced in the
co~ercial market at an unprecedented rate. It believes that over time, the
Cllsslfication of many of these chemicals and mate.ials will become
~cc~ssary, which will pose a formidable problem. Not only is it not
feasible to test every single chemical amo~g the many thousands tbat are of
interest but also there are apprehensions about the adequacy of the testing
techniques cur'_"ently used. Thus, the committee believes that it is most

*The chemicals and materials to be classified origlcally included those
subject to an earli~r NRC study for th~ U.S. Coast G~ard and those listed by
OSHA 1n tha Federal Register on June 27, 1974 (pp. 23541-3). The list
subsequently was expanded (with NIOSn support) to include the gases and
vapors listed in F'f"re Hazard Properties of Flammable :Oiqllids, Gases,
Volatile Solids, ~Inual 325M issued by the National Fire Protection
Association (NFfA) in 19/7. Thp dusts to be classified were those listed in
1976 in the NFPA's Fire Protection Handbook (pp. 3-107 to 3-114).

h__.... _
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desirable to be able to classify chemicals on the basis of known or easily
determined physical and chemical properties. I~ further believes that some
cspability for this type of classificati~n exists but much improvement is
neelled.

In this report, the committee reviews the classification procedure used
to date and the current basis for the NEC Article 500 groupings.. The
difficulties, weaknesses, and incon&istencies it encountered in using the
procedure a'. e discussed, and suggestf.ons for near-term modification of NEC
Article 500 are presented. Steps that can be taken over the long term to
develop 9 sounder and more easily applieJ classification process also are
re commended.

*The physical processes involved in the ignition and explosion problem are
such that gases and vapors present a problem quite different from dusts and
they are therefore treated separately.

, •• , __._.", ._~,..•••• _~_. • __.......~c _ ......_."' ...__~

1I.....rr.·ln.'.SIIS••'.-•••.,.rW'.IIIl±lil..lIi.lilItt.....__...lIiII.....,1i111'lIIitllli.lllib~-"A'I_IiII........"...."'t,...__........·$........~.......d"'M...r...$ __.. _ ........_t.~'~"'t.



Chapter 2

THE CLASSIFICATION PROCESS

GASES AND VAPORS

Coast Guard St'Jdy

The work of the NMAB Committee on Evaluation of Industrial Hazards is an
extension of earlier work done for the U.S. COBst Guard by the NRC Committee
vn Hazardous Meterials. The Coast Guard study committee examined th~

flammability ~roperties of certain chemicals and classified the mate,ials
according to NEe Article 500 (Committee on Hazardous Materials 1975~ and
1975b). The committee's cl&ssification reflected the best judgment of its
members cencerning the expected flammability behavior, combustion
properties, and the chemical structure of the compounds. In conducting its
study, howev~r, the group found it helpful to divide the chemicals into
families (i.e •• homologous series of compounds). Some ambiguity was
introdu~ed because some chemicals fell into more than one family and because
the breakpoint between classification groups within a family was not known.
To resolve the latter problem, the Coast Guard study committee bad
Underwriters Laboratoriea Inc. (UL) condu~t tests on a number of
representat::ve chemicals. The We~terberg explosion test vessel. was u-;ed Fond
the results of these tests have baen reported in detail (Alroth et ?~, 1976).

Present Committee's Approach

The present NMAB committee followed procedures very sim:flar to those of
the Coast Guard study comuittee but attempted to rely most h~avily on the
physical, chemical, and flammability properties of the che~icals.

Therefore, tests of additional chemicals in the Westerberg apparatus were
conducted. This effort was described in an earlier report (Committp-e on
Evaluation of Industrial Hazards 1979a) that lists relevant combustion
properties a~ld the classifications for a number of chemicals in the form of
a matrix. The matrix itself is catalogued by chemical families. The report
includes classifications for materials not previously considered and updates
the classifications of the Coast Guard study committee and classifications
by NEC/UL.

5
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w~stelberg Apparatu8

1n ~rriving at the classifi~ations, it is assumed that the electrical
equipment is of the explo1iion-pa:'oof type. That is, it is as!"umed chal: the
..:omb'llstible gases (Ir vapors surrounding an encl.)sure "",ill er.ter the
equipment and can be ignited. The equipment ....ill with Q2::J '~'C: SLC~sses

arising from the eX,Jlosion. Followine n.", explosion, hOWeVel" , the hot
pressurized c:omhtl~tL:)rL .... roducts can escape through gaps :n the equipment
!c.g., the clearance around a shaft) but must not ignite thp s~rrounding

.:ombustible acmosphe;-e. An explosion peoof enclosure, therefore, is
typic3lly a heavy-walled construction with tight-fitting flanged or threaded
joint!: •

The Westerberg ap~'aratus simulates the flange gap of an explosion-proof
enclosure. The permitted cle~rances depend on the properties of the
part icular chemical prt~sent. The Westerberg apparatus utilizes a primary,
or charge, vessel and a receiver vessel. A rectangular opening of
a~ju3table eize separat!s these two containers. The width (length of path
for gas passing over tht~ flange) of the ~ectangular opening is held constant
but the gap size is adjustable. A given chemical, mixed with air, is
introduced into the pritMry and receiving vessels at atmospheric pressure.
The mixture is ignited in the primary I7l'lssel and measurements (usually
pressure) then are made in the receiver to detect whether the mixture is
ignited i~ that chamber. Various fuel-air ratios are tested. The gap size
is adjusted from experiment to experiment until the lar.gest possible gap
size that still precludes ignition in the receiver is found. This gap size
then is called the maximum experimental safe gap (MESG). Thus, an extremly
sensitive chemical, such as hydrogen, will have a small value of MESG and is
put in ~roup 8. Ethyl ethe~, somewhat le~~ severe, has a larger but still
small MESC a~d goes in~o Grcup C. Hexane has a much larger MESG and goes
into Group D. Accordingly,Jther chemicals are put into Groups A, B, C, or
o depending on their MESGs.

P~essure rise also is meanured in the charge vessel becruse the gaps in
actual opErating equipment can be enlarged ci~e to the inceInal explosion.
This maximum presRure is cond,iered with MESG to assign a chemic.1I to a
group. Other variable& tested in the Westerberg ~?par?tu~ include location
of the ignition point, initial turbulence of the mixture, and ignitio~ and
pressure rise due to flame acceleration (sometimes ci'lJ.ed run-up or preSSU1~e

piling) in a pipe attached to the charging reservoir.

Although equipment of differing sizes and shapes are used, similar
techniques are .'mployed in o!:her ,~our.tries for similn'- pUI::,oses.

In the absence of MESG information, recourse is oft~n made to the
minimum ignltlon energy or minimum igniting current for use \n
claRsification (Carhart 1972).
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Processes Involved

The committee beli~ve9 a classification procedure that is not apparatus
dependen~ 1s desirable. This dictates either that the ordering of the
~hemil'llls be completely independent. "i the apparatu!;: used or thRt enough be
~nown about the processes involved t~ permit analytical corrections to be
mad~ to account for system effects. Certainly that level of understanding
does not exist at the present time. The Westerberg apparatus is only one
paTticular apparatus and there are many simultaneous effects operative at
one time. In Jooking . ,rwar.d to potential future classifications. it is
enlightening to consider some of these processes.

Upon ignition in the primary chamber, a fla~e moves through the unburned
mixture at the flame speed for that particular fuel-air mixture. The flame
speed depends primarily on thermal conductivity, diffusiv1ty, chemical
kinetics, adiabatic flame temperature. pressure. temperature, and degree ~f

turbulence. The pressure in, and hence outflow from, the primary vess~l

rises at a rate rlependent on the geometry and volume of the vessel, the
flame speed, and the size of the opening betw~en the two vessels. If the
ignition point is away from the opening. ~ompreBsed and heated unburned
gases flow through the opening followed later by the combustion products.
With ign1tion right at the opening. burned ~ase5 flo~ immediately into the
receiver. The gases lose heat to the walls in the opening and introduce
some pressure drop. These gases flow into the rp.ceiver and mix, probably
turbulently. with the mixture there. The rate at which they mix. and
thereby the rate of temperature rise in the receiver mixture, depends on the
flow conditions. the size of the opening, and tbe shap~ (aspect ratio) of
the opening. Meanwhile. the pressure in the receiving tank rises at a rate
dependent on the rate c.,f inflow. the tank vohlme, and the he I.. t losses to the
walls. Ignition of the receiver mixture mayor mey not occur depending on
the details of this mi~ing and heating process and the ignition
characteristics of the mixture. MI added complication i9 that of pressure
piling (m~nti('\ued earlier) wherein the initlal ignition is located outside
of the prim~ry chamber.. Gas dynamlc processes, with wave acceleraticn, ~an

lead to mGre rapid rates of pressur~ rise in the main primary chamber and,
hence. can produce 8 d1ffering res~lt. Such piling could be a problem
because of the use of threaded rigid conduit to wire explosion-proof
electrical equlpmpnt. Some electrical equipment (e.g., motors) also may
have 3 geometry which may make piling a problem.

Committee Concerns

The abovl! ,jiscussion makes it obvious that many simultaneous interaC'.ting
php.nomena are At play and, hence, that one aspect of tr.e experimental
apparatus could have a pronounced effect on one chemical and very little on
another. This aspAct of the problem gave the committee much reason for
concern since it clearly recognized that the testing technique was
arbitrary. Nevertheless, much dependence was put on MESG measurements if
they werf' availab::'e. 'This information then was tempered with considerati"ln
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of maximum pressurd and pressure pIling. In most cases, however, the HESG
was not available amI then re(:ourse was made to classifying by noting
similarities among individu~l memhers in ch~mical families. the knowledge
and experience of t.hE! membf'rs of the committee and others, and admittedly,
"seat of the pants dE:'cis1cns in many instancen. The process certainly was
not absolute or exact And cannot be applied eastly in future classification
effort e.

A subgroup of this con~ittee ~ompared the MESG results obtained in the
Westerberg appa!atus with those obtained in the 20-ml and 8-1 spherical
vessels developed in the United Kingdom and West Germany. The 20-ml vessel
1s the standard apparatus recommended by the Internatonal Electrotechnical
Coamission. In a number of cases the res~lts differed by a factor of
three. Furthermore, one of the compounde showing a drastic difference was
diethyl ether. which. in the United States, is the standard compound used as
a reference to separate Grcups Band C. Comparisons were made between the
various apparatuses used as to charact~ristic combustion times and blowdown
(exhausting) times. and drastic differences were noted. The foregoing
investigation has been described by Strehlow et al. (1979). Subsequent to
this work. n. Phillips (private communication) also made comparisons and
found that the apparatus not only affacted the MESG but also changed the
position of many .::hemicals in the ord (!r!ng of the hazard level. He
attributed much of the difference to t~e relatively low rec~iver volume of
the Westerberg apparatus.

It is clear to the committee that many questions remain about the
accuracy of the classifications made and, hence, to te made. It recognizes
that a comprehensive and full sciEntific treatment of the problem would be
very protracted and costly; however, it believes that there would be great
~erit in expending consi~erable effort on the problem.

In the meantime, the committee, recognizing its temporal nature,
co sidered that since its "expertise" developed through the present studies
wou d be scattered on disbanding, undertook to propose classitications for a
much larger group of chemicals and materials than requested by OSHA. For
this urpose they chose the 1500 some chemicals found in NFPA Manllal 325M
(1977) as being reasonably representative of those in or likely to be in
commerL \ at present or the near future, and is presently classifying them.
Thei~ r, ~ults will be published when the study is completed (NMAB ~53-5).

DUSTS

In cIa 1, Hying dusts accord ing to NEC Art fcle 500, the.! prirJri_
condition i' established that the el~ctrical equipment involved be
sufficiontl) :ight to preclude entry ~f the dust. However, small amounts of
dust are llkl y to get into the enclos~re when it is opened for equipment
servicing. II IS, a hazard ar:!ses f"om the possibility of Ignition of 3 dust
cloud or dust \yer by a hot surface and by electrical faults caused within

t ..,
....~.~I.:ia.~~..:...-.....; _1Ji.U' .~ ......~~.
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equipment by small amounts of electrically conductive dust. with the
resultant electrical disturbance burning through the enclosure or forcing
hot particles out of the enclosure through openings. The combustion and
electrical characteristics of the dust would therefore be expected to be
important.

Earlier Classification Schemps

In the past. maximum operating temperatures were specified for
electrical equipment to be operated in the presence ot' certain types of dust
and to classify the dusts in very general terms. Group E consisted of the
metallic (electrically conductive) dusts; Croup F. of the carbonaceous
(semiconductive) dusts: and Group G of :he agricultural (nonconductive)
dusts. These conductivities were not quantified.

The Committee's Approach

When OSHA requested that a number of dusts be classified. the Committee
on Evaluation of Industrial Hazards sought to derive a procedure more
(:uantitativ~ in nature. A revtew of the few dusts classified in Class II,
Groups E, F. and G. of NEe Article 500 indica':ed th.. t the layer ignition
temperature and electrical conductivity of the dusts were the important
factors. Accordingly. the committee established its Panel on Dust Test
Equipment to recommend test methods. The recommended methods are described
in detail in the committ~e's 1979 and 1981 reports.

Thr, Ci)rnmittee also formed its Panel on Classification of Combustible
Dusts to classify dusts based O~ their known or easily determined physical.
chemical. or combustibility prcperties rather than on exhaustive testing.
The pa~el, with the entire committee. proceeded to classify hundreds of
dus~s (listed in the 14th ed1tion of the NFPA Fire Protection Handbook)
ac~ord1ng to the 1978 NEe but with the guidelines for Groups E. F. and G
b~ing the electrical resistivity, p, of the dust or. of the parent material.
~ne panel used the following dividing lines:

Group E - P < 102 ohm-em.-
Group F - 102 ohn-em < p < 108 ohm-em, and

Group G - p > 108 ohm-em.

Combustion properties of the dusts a1s~ were considered. A study of
existing information showed that 1.f lOS ohm-em were taken as the dividing
line between conductive alld nonc.onductive dusts. very few dusts would fall
near that dividing line (i.e., practically all dusts are either mue~ more or
D1\.\ch less conductive than 105 ohm-cm).

The panel proceeded further and propo~~d a new method for classifying
dusts that eliminated Group F and that specified '1 ma~~lmu.m surface
temperature for the electrical cq~ltpMent which was lower than the measured
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dust layer ignition temperature by some differential value (~.g., 2S0 C).
The propo8ed method considers whether a dust is combustible (explosives,
pyrophoric materials, and oxidizers are excluded) an~ then utilizes
COMbustibility properties for clrissificati,on p'lrposes. Two ratings,
originally introduced by the u.s. Bureau of Mines. were used: ignition
sensitivity and explcsion severity (see Section 3 Chapter B in NFPA Fire
Protection Handbook 14th Edition. 1976). If both numbers were below-a­
ce~tain level, the explosion hazard was deemed to be low and the committee
recommended that electrical equipwent suitable for Class II locations would
not be required. If one or both of these ratlngs we~e above the prescribed
level or if available information were insufficient. th~ committee
recommended thAt electrical equipmerat suitable for Class II locations would
be required. The group would then be determined by the reslstivity--i.e.,
if the resistivity is <105 Ohm-Cld (conductive). the du~t would be Group E;
if the TesiB~lvity is 2105 ohm-co (nonconductive). the dust would be Group
G.

Using this recommended procedure. the committee reclassified the dusts
it had clas8Jfied using the NEe guidl~lines. The classification as well as
the combustibility properties of the dusts were presented in the committee's
1980 and 1981 reports.

Processes Involved

As with gases and vapors, the ccmmittee classified dusts using the bPRt
available information knowing that Fom~ dpproximation~ and uncertainties
were involved. For example. one recommended criterion for whether to
classify or not involves the parameter. ignition sensitivity. This
'.>arameter i8 the product of the ignition temperatul'e. the minimuT,n if,nition
energy. and t,l€ minimum explosive concentraHon for standard Pittsburgh coal
dust divided by that product for the dust of interest. (Thus a number
greater than 1.0 inHcates that the dust 1s more ignition sensitive than the
Pittaburgh coal dust and vice versa.) Certatnly there is cause for concern
in the application of tilis parameter. For one thing. all three variables
enter to the same power. which is highly unli~ely. SeLondly, the mini~um

ignition E:O{!rgy and minimum explosive concentration werE determined long ago
in t~.e Hartmann apparatus (Jacobson et al. 1961) 'and these meaRurements are
now k~own to be suhject to appreciable errors (Hertzberg et al. 1981).

Similarly, explosion severity involves t~e product of the maximum
pressure and t~e rate 0f pressure riF.Ie normali2'""d by the Pittsbut'gh coal
re suIts. Again. these values were obtai ned in the Ita rtmann apparatus and
the grouping of parameters is worrisome.
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Chapter 3

CONCLUSIONS AND RECmIMf,~DATI()NS

NEED FOR A BETTER CLASSIFICATION SYSTEM

In accord ance with the request and f inane fal !1UPPOI't of OSHA and NIOSH,
the Committee on Evaluation of Industrial Hazards classified hundreds of
combustible gases, vapors, and dusts in accordancE with NEC Article 500.
The study was not intended to involve the establiEnnent of new procedures
(the committee was to do the best possible with the tools and information at
hand); however, during the classification process certain ways to make
definite improvements were identified.

The committeE recognizes that there are many weaknesses and
inconsistencies in the present system and that much improvement is possible
over the long term. Ac.~(Jrdingly, it recommer.ds that industry or an
appropriate U.S. government agency finance a multiyear research study to
provide a Bound engineering basis for the classification process and to
develop a simple classification procedure that will not require the services
of a specialist or a new panel. Amplification of this recommendation and
the philosophy behind it is in order. Perhaps this is best explained by
discussing the gaSES and vapors case.

POTENTIAL APPROACH FOR CLASSIFICATION OF GASES AND VAPORS

~irst, considerable thought and attention 5hould be given to the
appropriate criteri.a to he used for classification. The reason fur
cJassification of chemicals Is to prevent disasters originating from tile use
of electrical equipment in potentially flammable atmospheres. There are
threEl common ways to do thi sin North America: by use of explosion-proof
equipment, hy Lise of intrinsically safe equip . and by pressurizing or
purging. Only the first method of protect· -n i concern here (although
it is recognized that there Is also ne~d ty chemical3 for use with
intri~sically safe devices and that tl~ cc .~~ hetween arc ignition
properties and MESG results in essentially rouping for both
methods). As noted above, when explosion-{: -,ent is used, it is
assumed that gases and vapors can pen~trate. _.uus~ng and can be ignf.ted
therein but that t~e equipMent is designed and constructed to contain the
energy released by the explosion to the extent that the fire or hot gases
will 1101: e .,cape with enough energy to ignite a flammable mtxture of the same

13
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gas or vapor surl'ounding the equipment. Therefore, for test and evaluation
purposes, the concept of an opening between two vessels appears sound for
the gases and vapors case, but it is not certain that the MESG as ~etermined

in the devices used today is the most appropriate ot most important
criterion for classifica~ion. The cross sectional area of the opening
appears to be important since it affects the pressure in the primary vessel
and the mixing, heating, and pressurizstion characteristics in the recpiver
vessel. The shape of the opening als~ could be important.

Following the establtshment of criteria, 1t would be well ~o formulate
an idealized model for the testing apparatus for the purpose of generating
an overall analytical description. In this model, the variables should
include si~e of the primary and secondary chambers.* size and shape of the
opening between them, and the physical, chemical, and combustion properties
for some arbitrary gas or vapor. Within this idealization, turbulence,
pressure piling. and various ignition source locations would not be
considered. These variables are very sy£t~m-sensitive whereas the purpose
here is to rate the relative sensitivities of the various chemicals. The
problem should be fomulated analytical1~' in its entirety. Concurrent
e~pcriments on a particular aspect of the problem should be conducted and
the results used to develop the theory. The analytical model should be
simplified consider3bly by involving order of magnitude considerations,
relative sene1tivitl~s or insensit-ivities to certain parameters,
simplifications in t:he physics and chemistry, etc. In some cases the lack
of knowledge of combustion characteristics could be handled through
knowledge of the prc.preties. Al though these simplifications toIould inL'oduc~

some loss of "rigor," integrity in an engineering application sense would be
maintained and, of course, the problem would be much more tractable
mathematically. ThE: resultant solution could cOTlC'eivably result in a
prediction as shown in Figure 1.

1
f

I
I

L.
Non-ignition

¢J3 =Constant

FIGURE 1 Prediction of ign~tion.

*In l'rclctice the secondary chamber is usually "C!ry much larger than the
primary chamber. i.E., it represents the rv:~ in which the equipment is
locRte': •
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11le 4J s are i anctions that can depend on the geometric variables as well 8S

the more imp.Jrtant physical and chemical properties.

The analytical model thus generated could th~n be used to critique the
experimental results obtained from the UnitAd States, United Kingdom, and
German tests, making some allOwance for details of the apparatus. Th~ model
should then be exercised by calculating the results for a fi!w che~lcals from
Groups A through D. Physical dimensions of a test apparatu3 then could be
chosen that would have only a minimal system effect on any chem~cal to be
tested and, further, assure that the required si7.e and mat~rial of the
apparatus w~s reas~nable. The apparatus could then be built and a number of
representative chemicals tested 1n it. These results could then be checked
with the predictions and with the ratings obtained in the past. Additional
iteration between tests and theory could then be invoked to give final
improvement to the model. At this point, a reasor.lbly realistic model could
be used to classify chemicals through use of their physical, che~ical. and
flammability/combustion properties. For example, the classification scheme
could be:

Size of Opening, S Group·

S < a A
a < S < b B
b < S <. c C

S > c D

Thp. opening, which might be spacing or area, could be calculated from the
mOdel and thus (' lassify various materials in :1 simple man\'ler. In those
cases where the properties are not well known, tests could be conducted in
the univeraal chamber.

RECOMMENDATIONS FOR ADDITIONAL WORK ON DUSTS

As described in th~ foregoing J the committee proposed a modified
procedure for classifying combustible dusts in accordance with the National
Electrical Code. This proposed ~lassification scheme involves the use of
two factors. i.gnition sensitivity and explosion severity. For any given
dust~ if both of these factors are sufficiently low. electrical equipment
suitable for Class II locations would not be required. However, if one or
both of the factors are above a certain prescribed value, the dust would be

*The committee recognizes that classification of chemicals into four groups
is very arbitrary as ia the dividing line between groups. (Nature does not
divide chemicals into large distinct groups, all nicely separated by
chemical properties,) However, codes (i.e., NEC Article 500) are needed and
Buch arbitrary decisions must be made for application to the marketplace.
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classified according to its resistivity into Group E or G and special
electrical equipment would be required. As Jiscussed earlier, these two
factors are sODlE'what arbitrary and hence it is l!!~ely that some dusts would
be classified tnl~orrectly. The consequences of such a ~LJtake could be a
ha~ar~ous situation or the needless use of more expensive electrical
equipment. In view of this, along with the fact that a great number of
dur~ts will requ:lre classification in the future, the committee rt!commends
that the classification sche~~ for dust be im~~oved.

A general "f~ngineering" approach to the "oetter classification of gases
and vapors was described in the previous sl:ction. It is recommended that a
similar philosophy be used for dusts but, of course, the technical aspects
would differ. The ideas of ignition sensitivity and explosion severity are
probably still valid and useful but the formulation should be derived frem
an approximate "engineering type" analysis. Most assuredly, the variables
that are predicted to be important in the two factors, 8S well 3S the way
they enter the rating, will be different than currently defined.
aralization of these more soundly based rating parameters should then allow
for more accurate and straightforwarl CIA~Slfic&tlon of dusts.

,
~:4,.'~~.":''»MwNtt*'1t )ei..tb.lllE~j .._' .. ,,",
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