Aﬂ\) PROJECT 713192

-
G\

i

OFFICE OF
RESEARCH & DEVELOPMENT

FIRE HAZARD CLASSIFICATION OF CHEMICAL

L

VAPORS RELATIVE TQ EXPLOSION-PROOF ELECTRICAL EQUIPMENT

BY r o
[,

Mal

ELECTRICAL HAZARDS PANEL ] i
COMMITTEE ON HAZARDOUS MATERIALS b
DIVISION OF CHEMISTRY AND CHEMICAL TECHNOLOGY
NATIONAL RESEARCH COUNCIL
NATIONAL ACADEMY OF SCIENCES
WASHINGTON, D. C.

- ene)10 February 1
Contract No.

Renroducnd by

NATIONAL TECHNICAL
INFORMATION SERVICE

Spanafiatd Va 22151

Prepared for: COMMANDANT (DAT)
U.S. COAST GUARD HEADQUARTERS

WASHINGTON, D.C., 20591

COAST GUARD

8 PANEL Report

1

o
S Tr

-4

~

S ————

|
D .

970
C}-15559-A

7




g ol s taip e st

o
|
!

o ——

DATE: 1 February 1971

This report has been submitted in fulfillment of contract DOT-CG-713192
and 18 promulgated subject to the following qualifications:

The contents of this report reflect the views of the Electrical Hazards
Panel of the Committce on Hazardous Materials, National Academy of Sciences
which is responsible for the facts and the accuracy of the data presented
herein. The contents do not necessarily reflect the official views or
policy of the Coast Guard. This report does not constitute a standard,
specification or regulation.

“J+ R, IVERSEN - -
;Captain, U.:S, Coast Guard ,
- Chief, Applied Technology Division._

Office of Research and Development - -

U, 8. Coast Guard Headquarters
~Washington, D. C. 20591

SIS

e e i e

DL IERPURR T It AR




FIRE HAZARD CLASSIFICATION OF CHEMICAL VAPORS
RELATIVE TO EXPLOSTON-PROOF ELECTRICAL EQUIPMENT

A Progress Report prepared by the
Electrical Hazards Panel ‘
of the .
Committee on Hazardous Materials N
- ‘ . . Division of Chemistry § Chemical Technology D
EA:m LTI 77 Natienal ResearchCouncdl-. o - B

' Approved by the Committee. January 30, 1970 : _ S o : o d
e e e prepared under Contrdct Noo Tgc-lssss AL JSE ST DRRS SR S
a o for the = e o R

o oo o U8, Comst Guard oo R L T

Bt e

! i
.

ek b

H. Carhart D. L. Katz
Panel Chairman Committee Chairman

Washington, D.C.
February 10, 1970




(i i Sokiio A

B S 1259 lntrinsically safe, equipment, plus a ‘new list of 15 chemicals

ABSTRACT

At the request of the U.S. Coast Guard, a detailed study has been made
by the Electrical Hazards Pancl of the Committee on Hazardous Materials to
determine the feasibility of classifying some 200 chemicais of tummciie avioid
ing to the classifications given in the National Electric Code, NEC 500, by
using a scheme based entirely on available physical and flammability proper-
ties only. If successful, the system would eliminate the prcsent laborious
process of actually testing the piece of electrical equipment in the vapors

of the particular chemical of concern.

Because of the paucity of approved compounds classified in the present

_NEC 500, the classification base-lines used in the present study were extended

to include those of the British Standards, B.S. 229, Explosion-proof and

R recently 1ncluded as tentative in the’ présent. NEC 500 C15551f1°3ti°n b°’°d

- :}idon extensive testing at the Underwriters' Laboratories.r;_;'ig L

The physical chemical end flammability properties studied either elone

or in combination in trying to establish correlations with the base lines above
o were.' the limits of flammability, especially the ratio of these limits (upper/
lower), flash points vepor pressures, quenching distances, spontaneous ignition

temperatures, msximum“safe gaps minimum ignition currents, minimum ignition el D

‘energies, pressure rises,rand_heats of combustion,
'Althouah‘in the ettempted correlations many trends were'found in a quali-
tative sense indicating that relationships and dependencies do enist in a

general way among properties studied, nonc were found that were unequivocal

or even sufficiently reliable to merit recommendation at the present. In every

instance, there were maverick compounds that just would not fall in line.
Therefore, it is concluded that the time has not yet arrived when we can

classify chemicals in a rigid mathematical way according to the NEC-500-type
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trinsic safety will be the next main topic férffbﬁéf'étgdy{'

classification using available phyvsical-chemical and flammability properties
oanly.

However, the Pancl does feel that tentative classifications could be
made for many of the compounds of interest to the U.S, Coast Guard. The assign-
ments would have to be made by a group of knowledgeable individuals using
available physical-chemical and flammability properties plus the concepts of
homology and analogy, and even intuition acquired by long experience when in-
sufficient datu was available. It is a recummendation resulting from this
study that such tentative classifications.be made, aad the Punel will address
itself to this subject. The criteria for present glas;}figatioq such as by

NEC 500 also need critical examination and this also will be coﬁs}dpred. In-
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FIRE HAZARD CLASSIFICATION OF CHEMICAL VAPORS RELATIVE
TO EXPLOSION-PROOK ELECTRICAL EQUIPMLNT

FOREWORD

L memml D

A request has b en made by the u.>. Loast Guard tu the Naticnal Be

search Council Committee on Hazardous Materials to consider the classifica-

tion, based on the NFPA National Electric Code (NEC 500),(1) of over 200 g
chemicals which are being, or are proposed to be, transported by water. It j

wus further requested thut scrious consideration be given to possible classi-

fication bascd on known, or easily obtained, physical, chemicul or flammability

_‘proucrtics of the chemicals rather than on the truditional, very cumbersome

and costly requirement of actually testing exhaustively a new piece of

clectrical gear in the vapors of the given chemicnl or substance'to deteimine'

" to study thermatter.r This report describes the studies made by the Panel to,fr‘ff

date and as "such constitutes u progress report to the parent Committee. -

The Panel on Electrical Hazards consists of"”m'”‘;*""“'

: “-;H,”w. LarhartoeChairmsn L Naval Research Laboratory
ER T e Bumu S Wiy~ T R
H. C. Hoy 7 : Oak Ridge National ﬁeboraioties “-
' &. T; Leoﬁnrd' o : B ‘Naval ﬁeseasoh'Labora£Ory . L 7 ﬁ
E. C. Magison Professionai_ﬁhgineef, Aoington, Penn- ﬂ
sylvania ‘ .
A. d. McKinney E. 1. duPont de Nemours & Co., Inc. '%
F. A. Van Atta Department of Labor ;
W. C. Westerberg Underwriters' Laboratories (Ret.)
H. H. Fuwcett Technical Secretary, NRC Committee on ?

Hazardous Materials
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INTROVUCT TON

There are three common ways of enhancing protection from fire or explo-
s1on in the use of electrical cquipment in arcas where the concentration of
vapors of combustible materials may exceed the lower flammability limit.
These are:  (a) use of explosion-proof equipment; (b) use of intrinsincally
safe oquipment, and (c¢) pressurizing or purging.

The concept of protection by explosion.proof equipment is based on the
assumption that the vapors can penetrate the housing of the cquipment and

be ignited therein, but, the design nnd construction of the cyuipment must be

- such that any ensuing-fire or explosion will be contained within the housing
“and-not projagute out-into-the‘arou surrounding"tho:piece_of cquipment. De-
' ~ vices that use & considerable _amount . of power, such as motors. pumps, lights,

';;;thches. oondults, etc.,_usually uso this ‘medns of proteotlon. Because of

‘the magnitude of powar used.,auch equipment might easily reloase sufficient- )
.fénergy internally in the form of a spark arc or heat. under either operating"" *‘;
n”or failure oonditxons, to ignite any flammablo vapors that might ‘have penetra-
, ted the" housing of the equlpment. I

. Intrinsicully sate equipment, consisting of such items as meters. gauges,

The uoncept of protection here is to dosign ‘the equipment such that even under
failure cond1xions of very low probablllty any possible release of energy
(e.g., spari or ato) will be so qnall ohat under no conditions will it ignite
the-combustlble vapor present (i.e., the cnergy released is less than the
minimum ignition ecnergy for the particular combustible). Hence, no fire can
ensue .,

The concept of protection by pressurizing or purging is to place the
piece of electrical equipment inside a container which is either pressurized

or purged continously with clean air or inert gas so that there is no possibi-

re

”)/Lontrollerb, instruments, etc., usually have--much- lower power requirements.»~'~?~~~-'¢“'“5”-'




lity of flammable vapors from the surrounding arca ever rcaching a potential

source of ignition within the clectrical equipment iself.

The studies made by the Panel to date have purposely been restricted to

consideration of explosion-proof equipment only.




-l ideal rationale for classifying additional materials ‘would be to find 2 set
“of va;ues of known or readily measurable properties that would 7 distinguish
' Ji?feech Group of substancec-listed in Tahle . that by an assessment of the com- -"“144f .

'g:purable set of vnlues for each new chemical itscclaseification woula'almost

Silzhrnnd,other properties of. the subStances lieted in Table 1 (which ic the completef:: :;f
-:Tiw;list at present--ln ndditionll 15 compounds are classified tentatively as"“
“,f:shown in Teble 2] immedidtely 1eads to the conclusion that the 1ist is mucn toy '
& restrictivc to be used a; 2 highly definitive guide for estnbliehing classi-"
";ficltions with e high” degree of confidence--based on’ such prOperties. ‘There-Jﬁife'W"f*

.fore. in order to broaden the base, the British clessificetion for explosion-

CLASSIFICATION SYSTEMS
Chemicals vary markedly in their physical, chemical and flammability

characteristics. Some are much more hazardous than others and a given piece

...... PR AP maa Ll aasiicaman® e o 3
vl vivetiivas wo\y $SLON-PpYIST JQquipmInt muy o¢ cofo in 2ne environment, hut

not in another. Differences in ease of ignition, heat and pressure release,

o e

diffusivity, quenching distances, flame velocities, reactivity, etc., account
for the differences. In rccognition of this, chemical vapors are classified
into four Groups in NEC 500, as shown in Table 1, with Group A having the most

severe requirements for explosion-proof equipment. 3

If the NEC 500 classification is to be used as the standard then the

i ;”be eutomctic. However, a cursory oxamination of readily available lammnbilityr?txlﬁ .

. : . . R 1
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proof equipment based on British Standards 229,(2) and the Germen claseification

based on VDE 0165/8 60(3) wore also ‘considered. - In the British system, 39

B i,

substances have been classified into four main categories, based to a 1arge

extent on maximum safe gap values (i.e., the largest gap of a flanged slit
through which a flame just barely will not propagate), but also considering
pressures generated by an internal explosion, and other factors. The numerical

values for slit widths on which classification is based are given in Table 3.

.4 -




In the German system, compounds are classified in two ways: 65 compounds bv {
the maximum slit width values, and several hundred compounds by thoir sponta- !

neous ignition remneratnrac (SITY The numorigal walu

NE 3 C -
e aviea  vea a

are given in Table 3, which also gives the values set by the International
3 Electrical Commission (IEC), the USA criteria and the relevant regulations.
Since the dividing lines for slit widths for the various categories are so f
similar for the IEC, Germans and British, the values taken from B.S. 229 will

be used primarily in the present report.

Although there is general agreement on classification of most compounds

P‘ “camon toVDE 0165, .5, 229 and/or NEC 500, not all of then fall in comparable

cntegoriea, as. can be ‘seen in Tablie 4. This compliuates considerably any

100 substunces for mmrposes of ulassifying intrlnsically-aufa applrltua and ,m}ff.ﬁfr“' o

'f'circuits. Thia system EY bnaed on, values for the minimum uurrents needed to SR
vjust ignite vnpors of & compound by an are, Slnck and Woodhead(e) have eszub- o e
1ished @ correlltion batween maximum expertmentnl safe gups (m e.s g ) and
minimum ignitins currents (m i LT ). based on tho compoundn common to both

B, S 229 and B.S. 1299 Bxccp' for a fow minor deviartons. thin al:o lends

_to &’ correlltion of the classification categorien given in B, S, 229 und B.S,
‘il" ; : .‘ 1259, Thi: is shown in Figure 1. If, for a given compound. only the m. 1 c..
l A value ia known, the m.e.s.g. value can be obtained from the grnph given in
Figure 1. If the correlation is accepted, this gives a much greater number '
of compounds that could serve as u base for finding a common denominator that 1

might be used to make correlations with other t'lammability nroperties.

It must be mentioned here that attempts to establish correlations of

: measured flammability properties with clussification are still being considered

1 -5 .
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by others, in this countryv (e.g., NFPA} and abroad (e.g., the PTB, the
German counterpart of the U.S. Burcau of Standards). The IEC is also
presently studying the possibility of establishin, rules for classification
bascd on minimum ignition currents, minimum ignition energy and safe gaps.(4)
FLAMMABILITY AND OTHER PROPERTILS

The real questions that arise now are: What relevant physical, chemical,
and/or flammability propertics arc readily available that could be used to
establish corrclations for the chemicals that are of interest to the Coast
Guard? What data are now availoble in the Jiterature (or could be determined
easily), how reliable are they, and :an fhey'Be"dSed?'”OBJionéiy; vnpnf'nfessniéé,-

or related values such as boiling points, are important indfhre-évailaﬁle; b

vaban e L

flammabilxty limits are also available for a. large number of the compounds of
interest. (7,8,9) However, 1ntu1t1vely one would also 11ke to have reliable : f
values for. quenchlng distance (safe gap concept). minimum ignition energies o :f ‘
[spark or arc), flame velocities, rate and amount of energy release (rate :
and total pressure rise), and others, for which data are ieés avnilablé, and
in some casvs cumbersome to obtain. . B ’

Spontancous ignition temperatures (SIT) are- 1mportant mnxnly in thnt it .
is necessary to establish a limit for the maximum permissible temperature
(with a suitable safety factor thrown in) of the outer face of the casing
enclosing an electrical device. Interestingly enough, the literature values
for SIT for a given substance quite often vary, sometimes quite markedly.
This is because of the great influence of the container geometry (size, shape,
etc.) on the experimentally determined value. Also, for many organic materials
there are two apparently distinct mechanisms by which spontaneous ignition

can cceur, and the value obtained depends on which one is controlling, which

-6 -




' dealing with mixtures-or impure materials.

--hxghly relevant ‘to classification, ‘but, as mentioned before, data ‘are limited
" and harder to obtain. - As will be shown later for. quenching distances (or

minimum gaps), literature data are'not'alwaYS consistent nor in agreement.

again is influenced by environmental conditions, SIT is very dependent on

chemical structurc and very little related to other flammability charater-

P O
PR TS N}

Idea.ly, flash points should essentially be the temperature values for

sl s

the intersections of the lower Flammability and vapor pressure curves (when
plotted against temperature). Thus, flash points are highly dependent on
volatility and this in itself is useful as an index of safety. However,
measured flash points are dependent on the particular apparatus and procedure

used for measurement. Since there are a number of these measured flash

points are not absolute values and sometimes can even be quite mlsleading.
Thus, they must be interoretee lnd used intelligently, pnrticularly when

"fQuenching distaneesj flame Velpeitigs; end pressu}eielses should'he;':i

Minimum ignition energies are of particular interest to intrinsic safety, but
are somewhat correletahle to sefe gaps;$°) and?‘hence,_might he useful in that
sense. A‘Qﬁiri,’“hdwéver, éiﬁéfih‘e’h‘t’él‘”c'o:iaiti‘ens’"Qré"sd"impo"rt”atit“”éha’t“ the
literature values for minimum ignition energies do not alwayslagree, as can

be seen, for example, by comparison of the data of Calcote, et al,(lo) and

(1)

that of Metzler. Metzler alsv presents a correlation between minimum

ignition energies and quenching distances. Although this correlation is really

quite good, nonetheless, there is still just enough scatter of data to make
one apprchensive of using this approach as a tool for classification.
One of the few things left, then, are the two flammability limits, lower

and upper. it has been suggested by A, H. McKinney (a member of the Panel),




- NEC.- 500-11st, -an: attempt -was-made- to: correlate UFL/LFL with the.B.S. 229
L CIessificction cnd wlth the'm"e.s'g.'(B'S' 229). as_shown in. Figures -2 and~' o i ,.r“m}"
;73 (uslng selected compounds chosen to illustrate the po;nt) _ It 15 seen. that :;;.éf’l'g'
V'ithere ls enough scatter and overlap to conclude that the correlation is not o

“good enough and it ls cdvisable to look elsewhere. l

_selected . chemiccls were. subjected to. flammability tests . in.a. highly instru- - - S

that the ratio of upper to lower limits (UFL/LFL) gives a fairly good index
of flammability properties, particularly as related to hazard. If this ratio
is large the given compound is more dangerous (assuming sufficient volatility,
etc.). The behavior of many compounds shows that this generalization is true
in a qualitative sense, and e¢ven semi-quantitative. ‘The question remains,

however, is it rigid enough to serve as a reliable too) for classification?

Fortunately a considerable body of data on UFL and LFL for many chemicals

exists.(7’8) §

ATTEMPTED CORRELATIONS

Since;-#s-pointed- out carlier, there are not enough compouiids in the’

Recent papers by LeVine.(lz) and Dufour and- Westerberg,(ls)

give ‘the back-
ground and results obtained in.a. study performed at the Underwrite*s' Labora-

tories by W. C. Westerberg (a Panel member) and coworkers.‘ In this work 15

mented system consisting of two cylinders connected by a variable gap, and,
when desired, to a long piece of pipe. Selected vanor mixtures were ignited in
one of the vessels or at the far end of the plpe. The device also has the
capability of running tests under turbulent gas conditions if desired (e.g.,
simulation to a running electric motor). Thus, safe gaps (i.e., no penetra-
tion of flame into second vessel) and total pressure rises could be measured
under quiet or turbulent conditions, as well as maximum pressure rises due to
"pressure-piling" effects in the pipe (c.g., simulation to electrical conduits).

Based on the excellent and duplicable results obtained, and by comparison

-8 -




_in the. NBQ 500 list for comparison) are arranged by decreasing gap size. The

with corresponding data obtained on chosen compounds from the NLC 5U0 list,
the 15 compounds have been classified according to the NEC 500 groupings.
These propused classifications were issued on 14 February 1968, by the
Correlating Committee of the NFPA as a Tentative Interim Amendment to the
1968 Edition of the NeC.(13) 1f fully accepted, a much broader basis thus
becomes available for making comparisons using the NEC 500 classification
(in keeping with the original Coast Guard request).

Data obtained in the above study(ls) for maximum safe gap and maximum

pressure under conditions of turbulence and pressure-piling (the most severe

.~L“conditions) are—given in Table 2. The data (including 7 compounds originally

7',‘§rationnle for classification (last column Table 2) is based on gap size,

c pressure rise, ond SIT (SIT volues taken from NFPA 325M) since these oroperties

,';ore indeed importnnt to the design and operation of explosion proof ‘electrical .

e fA:—equipment located- in ‘a hazardous environment. “.'”" S,

Although experimentetion of the type done at the Underwriters' Laborato- '

. ries is more struight forword and controllable than the testing of actual

B electricol equipment in a huzardous environment nonetheless, it still involves

a fair lnount of tedium nnd time to accumulate all the data needed. Therefore, .

] if . rigid correlntion of the datn in Table 2 with the data presently avail-

- able in the'literlture could be established, the classification of other chem-

icals would be greetlvrsimpli}ied. Accordingly, a comparison of UFL/LFL
versus gaps nnd classifications, as given in Table 2, was made. These are
shown in Figures 4 and 5 respectively. Again, it can be seen that the
correlation is not completely rigid.

In the proposal for acceptance of the classifications given in Table 2

to the NFPA,(Is) it was also recommended that butadiene be placed in Group D,




“r

- -an overlap- is seen,-the correlation is not rigid. T T s

and ethylene and propylene oxides in Group C, if connecting conduits are
sealed off from the electric equipment (i.e., to prevent possible pressure-
piling effects which were found to be high for these compounds). But even
with these changes, correlations with UFL/LFL are still not rigid.

Heats of combustion (AH) of many chemicals are also readily available
in the literature. For most hydrocarbons the product of AH and LFL is
reasonably constant.(ld‘ls) but for more hazardous materials, such as Hp,
this product is much lower. Thus, it was of interest to compare AH.LFL with

classification schemes. This is illustrated in Figure 6 which shows a plot of

-"OH.LFL versus classification using the assignments from Téﬁlo'z;"';§hinj&§inéé'

. n oddition to"the schemes ulready discussed, severnl other combinations_}
E of readily avoiiablo physical chemical and/or flammability properties have
'nlso been examined, at least cursorily. to see if they showed promise. Un-

'-”fortunately, to date, no combination has been found that could be considered

roolly acceptable for classification purposes’ even though it 1s obvious that

" there certainly are parallolisns. Flammability, especiailyfwhen connected

“with hazard, is a very complex business, and does not lend itself toiéinple

electrical and mochanical gear. The fact that there are many parallelisms
among flammability properties implies that nature is not really capricious,
and is trying to tell us that she does indeed have order in her system. As
a result, there is still the uneasy intuitive feeling that correlations might
indeed exist but we have not yet found them. Perhaps it is just that we
have not yet learned hav to ask nature the right questions.

Part of our troubles arise from the fact that when we try to measure a

property, we must use specific techniques and devices for the purpose which we

- 10 -
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" the true values, significance and npplication of SIT values, and the wide
e 5L“discrepencies in literature values fof these and other flammability pm'mneters,"-""»"-""-'-"'-_'=

~are all cases in point. It is difficuit to believe thet nature should be ‘that. f:_“

try to design in the best fashion we can. That we have not reached the
ultimate, particularly in the field of flammability hazard, is evidenced by

the faci ihai different experimenters do not always get the same answers when
trying to measure the same property. For example, Figure 7 shows a comparison
of data for experimental safe gaps taken from B.S. 229 and from Table 2. Both
sets of data have been obtained in well designed equipment and by careful pro-
cedure. Yet, they do not agree (even the coincidence line does not extrapo-
late to the origin). It is recognized, of course, that flammability properties

are not simple and in most cases both the procedure and the equipment can have

'o &Aéked infiuence on results obtained. The current controversies over which

flash points to use (o.g.. open versus closed cup), the disagreements over

. ficapricious. It is more likely that, in our courting her, she is being demure

in resiscing‘our probing into her secre;s too fast and too feg.

DISCUSSION

_ In assessing our present position, we must conclude thnt we are not ‘yet wt‘i-"“

reedy to classify chemicels (in the vepors of which we plan to use explosion-

proof electrical equipment) based on readily available data or eesily.determined
flsmmability properties. However, other helpful generalizations might be
suggested. For example, it might be considered that using flash point as a
criterion (and interpreting and using it intelligently) the following argument
might be made. If a substance has a flash point well above any temperature

that substance will encounter, then the problem is not one of hazard due to
vapors in a given space because in such space the concentration of vapor would

be below the lower flammability limit. However, mist or foam formation and

- 11 -
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liquid wetting might still pose problems which cannot be ignored in the over-
all design. Possibly, then, dividing lines, based on whether flash peints ]

are above or below them, might be useful in particular applications. Another

example would ..e to usec homology. Thus, it would be quite reasonable to ex-
pect that if a substance such as, say, n-hcxance wore classified in a given

Croup, its next higher homolog, n-heptane would also fall into the same Group.

]
|
i

But reliance on such a system could be carried only just so far, and such judg-
ments would have to be made by individuals who have had considerable experience
in the field and who have developed intuition in addition to knowledge of
experimental facts. e

In trying to reach a conclusion, on which at least a tentative recommen-

dation might be made regarding classification, it appears that the best solution

at_presentvwould be to peefq;m_teets oq-chemteete pf_eoneern by esscheme }uch
a3 that Used at the Underwriters’ Laborstories, ‘and couple such fests with
 othefi1nfermetioh ;tei;able.;mitjﬁodld.be desiraﬁleitket}tﬁertoetelipél;&eifr
‘the ‘effects of turbulence aﬁd'pressure-pi;ing. Such a:pfOceere.”eveh thougﬁ

it is time-consuming and does requife special apparatus; is nevertheless huch

"o - ke
i T i Ll i i

simpler than the present requirement of testing actual electrical gear in

,vapor -air mixtures of the chemxeal compound of interest to determine whether

A tias il

it is cxplosxon proof or not. Furthermore, it has the added advantage of
giving consistent results (which include quantitative values for pressures,
gaps, ete.) so that new knowledge about flammability Behavier of-aedittonal
chemicals is engendered and, thus, comparisons among chemicals would become
much more significant,

If one attempts to subdivide safety from fire in the use of explosion-
proof electrical equipment, three important components emerge. As mentioned

earlier, these were recognized in the Underwriters' Laboratories work, and




(13)

were used as a basis for the proposed classification. These threc items

(cf. Table 2) deal with the (1) maximum safe gap, (2) the pressure rise, and
(2) tha ¢ nition tommarature, all nf whirh are veiatud to the
design and structure of electrical equipment. The first two items assume
that a fire or explosion can take place inside the housing of the equipment.
It is impractical to try to make electrical systems completely hermeti-
:a'ly sealed. Thus, flanges, joints, scals (especially around moving parts
such a+ shafts on motors and pumps), etc., will have a small clearance which

may enla ge in time due to corrosion, wear, use and/or abuse. From a safety

standpoint, then, ic¢ is imperative that such a clearance (s1it or hole) never

exceed the maximum safe gap for the particular ohemiéal;Vapof in which the

electrical system is to be'usedt The rationale here is- that—if a- fire gets -

-started inside the housing. it would be quenched before it could propagate out 5 }ijizp-~f
‘ through the clearance into the main ‘vapor space surrounding the equipment--._
a vapor space “which might contnin an explosive mixture. which if ignited couldi:‘f;;t".
-cause a disester. Thus, relisble data on. maximum’ safe gaps are important...’

The second item, pressure rise has to do with the strength of the housxng .

of the electrical gear, thus effecting its design and structure. The concept“

'here is~ that as a resuit of a fire or explosion inside the housing. the-inm -

creased pressure generated by the fire or explosion might buckle, bulge or dis-

tort the housing sufficiently to open up any existing clearances (or create
new ones) in the equipment to a size greater than the meximum.safe gap. This
would allow the still active fire to propagate through the clearance into

the main vapor space surrounding the equipment. Under turbulent conditions

ia a confined space (e.g., a running motor), pressure build-up is often
greater than under quiescent conditions. Hence, the need for obtaining reli-

able pressure-risc data under conditions of both turbulence and quiescence.

- 13 -
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Also, the phenomenon of pressu. -piling in long tubes (e.g., electrical

conduits) varies with the flammable material, and maximum pressures reached may

nonawntnd in Athaw ccmmatwla .
D rimeTs aln SLal 2 BYvmevaae 9

be much higher than thace hapes. ilencé, the de-

sirability for data on pressure-piling in addition to other pressure-rise
values,

The third item, spontaneous ignition temperature, does not assume that
a fire is started inside the housing. It is concerned with external (or skin)
temperatures reached anywhere on a given electrical system--temperatures re-
sulting from heat generated by work, friction and/or ohmic resistance. Since
the outside skin of a piece of explosion-proof equipment might ‘be in direct
contact with,a,potentially~explosive mixture. knowledge of spontaneousrlgnition

temperatures_béeomes4important. Values for spontaneous ignition temperatures

.. for.most chemicals of interest are already available (e g o NFPA-SZSM), but
it must be cautioned again that in the determinat1on of SIT values, the re-

‘“sults obtained are very dependent on the procedure and equipment used.

therature SIT values for a given substanoe may vary considerably, 1n some
instances by as. much as several hundred degrees. LT

As can be seen from Table 2 the three flammability criteria diseussed

'-~above are- not 1nterdependent. Indeed for safety purposes in the classiftcation h

of chemicals, they should,be considered as being mutually exclusive and cach
one -should be used separately as a criterion for elassification;* That no
single one of them can.be ueed alone is illustrated in Figure 8, in which

the UL data for safe gaps only are plotted against the proposed classification
(cf. Table 2). It can be seen that there are decided overlaps. This is be-

cause a given compound (e.g., butadiene) may have a comparatively large safe

*See footnote, p. 16

- 14 -
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gap, (0.031 in., and thus wculd appear to be safe}, but also generate a
comparatively large pressure rise, (260 psi, thus making it more hazardous).
Therefore, such a compound would have to be placed in a more restrictive Group
in NEC 500 (cf. in Table 2, butadiene being proposed for Group B, with gasoline,
0.029 in. gap., 160 psi pressure, already assigned to Group D). By the same
token a compound may have a low value for SIT and, regardless of its other
values, this would require that it be placed in a higher Group (cf. in Table

2, isoprene, SIT of 220°C, being proposed for Group C, with gasoline, SIT of
280°C, already assigned to Group D). It is evident, then, that each one of

the three criteria should act &s independent cut-offs for classification, and

-----for -a given compound to-be-classified in-any one Group, it must meet all three -

:Z_m:sc_requireﬁentsuthetnwould;be.set for_that Group; not.just.onefor.two of. them...

The question next arises as to what the cut off values should be for each

of the three criteria for each Frouping.f In the UL work(ls) these were based

’-,i on valucs determined for the compounds already 1ncludcd in NEC 500 (marked withii"“_"v“

, an asterisk in Table 2) using the same" technique as that used for the rest of

L the chemicals. But as has already been pointed out, the paucity of compounds

_“listed.inwthe original NEC 500, especlally-in the more stringent categories,i"'”"'

forces the use. of ‘a’rather small bese on which to meke judgments.“ Indeed.v

because of_this. nn\eppnrent anomaly results from the values that.. are avail-;~m“4L,wr_1W:?,;;

able for use as cut-offs for spontaneous ignit:on, e, g., ethyl ether, SIT of
- 180°C, (Croup o) has - SIT much lower than hydrogen, SIT of 585°C, (Group B)
and also lower than acetylene, SIT of 300°C, (Croup A) But, as new knowledge
and experience are gained, a broader hase will become available on which to
make judgments, and values for cut-offs will eventually be established with

more confidence.

On an optimistic note, it would seem that in time, then, if reliahle

- 15 -




values were obtained for the three flammability criteria discussed above for

any new chemical, these might be used as a means for its classification.

This would certainly be a great improvement over the present cumbersome methed.

FUTURE PLANS
i Since it lius been shown that = reliable NEC 500-type classification
system cannot be made at the present time based on literature values for physi- ?

cal, chemical and/or flammahility properties of chemicals, and since it has

been implied earlier in the DISCUSSION that tentative classifications might

be arrived at (for many compounds at least) by a panel of people knowledgeable

o ~ in_the area, the Panel. is proceeding along the: following lines. Relevant physi~
- N cal and . flammability data on. euch chemical of - interest ‘to: the Coest Guerd are

'?"being sorted end compiled -and_a- master list 19 being prepered;f

ffirst be tabulated nnd the flammability limi

*f“points) wiit be- categorized by compﬂter by Mrr MeKinney (DuPont)

:;;lif,;f,ﬁ5~fcategorizations and other available dsta wlll be furnished to the Penel memworsé

””J”for individuel judgments on tentative clessifications, from which, then,

7,m37-j:,_ﬂlijf - ;collectivo Judgments Wil be made. Outside ‘counsel- will obviously be solicltedf:w

.in this process., Compounde for whlch data are lecking or are questionable,' i,
"'or on whleh agreement cennot be reached. will he left- open. Compounds frem
“"such a, group would be excellent candidates for further laboratery study. parti-
' ",cularly by the Underwriters' Laboratories technique. _?he cost -of such studies

would be about $1000 per compound, depending on the properties of the indivi- R

: gl

dual gas or vapor.

There is a decided feeling among Panel members that the present method of
classification by the NEC 500 is somewhat arbitrary, being based, as it is, “ ]
too much on the history of its development, and that a more clean-cut rationale,

based on laboratory data, for the values delineating the divisions between

- 16 -




classes, or for defining classes, is sorely needed. llowever, since the Panel
was enjoined not to depart from the current NEC 500 classification, the sub- ;

i ject has not been pursued. However, the Panel does feel that this concant

y

should be studied further, and it is our intention at least to consider it
seriously &t s later date.*

Looking farther into the future, the subject of Intrinsic Safety will be

the next main topic for study by the Panel,

This will permit aolection of equipmont for ‘use { -

approVQd oquipmont.

;rwith a. givan chemicul on tho balis of oxplouion characteristica (Group) nnd
"ignition temperatire. o '
" Tho prosnure and need to modify the criteria usod for clnasification is
shown further by other proposals that will be made (to Panel 14 of the NFPA
Electrical Code Committee) to modify the NEC 500 to use minimum sufe gaps as
8 primary basis for classification rather than the present method, so that new
~compounds may be added to the classification system more readily (Private
communicaﬁion from Ernest Magison, a panel member, to the panel chajirman,

dated 11/26/68).

- 17 -
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Table 1

NEC - 500 CLASSIFICATION

Group * Subgtances _
A Acetylene J
B Hydrogen, manufactured gas ]
c Ethyl ethor, ethylene, :
ayclopropane
D Gasoline, hexane, naphtha,

f benzine, butane, propane,
’ alcohol, acetone, benzol,
lacquer solvent, natural gas

"% §olids, which are classified into Groups
__E-G,_will not be considered here

[




UNDERWRITER'S LABORATORIES ¥

Table 2

LAMMABILITY DATA

ON GAS AND VAPOR-AIR MIXTURES (13)

Chemical
Atmosphere

~eXyione
Vinyl Acetate
*utane
Ethylene Dichloride
Anmonia
*Propune
Styrene
Propylene
lsoprene
Acrylonitrile
Butadiene

.¥Gasoline. -

- Vinyl Chloride
, *Ethylene‘“1r o
.- Propylene oxide-

- UDMH
Acetaldnhyde
Ethylene Oxide

*Liethyl Ether

- "lydrogen

*Acetylene

;WWCarhon"Disulfider

Expt'l,
Max. Safe

Gap (in.z

0.048
0.041
0.039
0.039
0.039
0.037
0.037
0.036
0.034
0.032
0.031
0.029
0.029 -
- 0.027.
0.021
0.018
0.017
0.013
0.012

.. 0,003

0.003
0.002

Maximum
Explosion

Press. (psi) Temp. (°C)

128
128
145
109
56
148
133
150
153
160
260
~160
148
180
280
109
164
21000
'200
a45
1140
205

* Presently classified in NEC 500
** Requires safeguards beyond those required for NEC 500 groups,

Min, Ig9n.

529
427
405
413
651
466
490
497
220
481
429
280
451

450 -

449
249
174
429
180
585

300

100

Tentative

Group
Classi

£.

(e 500)
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Table 4

COMPARISON OF U.S., BRITISH AND GERMAN
CLASS IFICATLOL:S

Tentative

Compound _ NEC500 (Us) B.S 229 (BRIT) VDE 0165 (GER.)
Curbon Disulfide None* 4 3b
Acetylene A 4 3c
Hydrogen B 4 3a
Butadicne ) B 2 2
Ethylenc Oxide B 3 2
Propylene Oxide B - 2
Accetaldcehyde c - 1
Diethyl Ether c 3 -
Ethylenc o 3 2
Isoprene C - 2
Ammonia D 2 1.
Butane D 2 1
Gasoline D - -1
Propane D 2 1
Propylene D - l
Styrene D - 1
Vinyl Chloride D 2 S |
p-Xylenc D 2 . 1

* Requires safeguards beyond those required for NEC 500
Groups. : . '
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Secuntv Claseificatinn

DOCUMENT CONTROL DATA-R&D

— (Secuvity classilication of title, bndy of sbattec! and indening arnntation must e enterrd when the aveeall repart s (lavsitieds
-ORIGINATING ACTIVITY (Corporate eulhor) <o, K
L REPDNT SECURITY CLASSIFICATIO
Committee on Hazardous Materials UNCLASSIFIED
National Research Council 25, LAGUP
Nat '
ational Acndamy 28 Ssisnces, Wash., 2. 2. s .",/c - ’},4'.

3. AEFOAY TITLE

Fire Hazard Classification of Chemical Vapors Relative to Explosion-Proof
Electrical Equipment :

4. DEICAIBPTIVE NOTEY ( Type of reper! and inclusive detes)

Technical 10 February 1970

8. AUTHONISI (Firel name, middie Initial; last neae) .- . e - T
Panel Report . ‘.
H. Carhart Panel Chairman

6. REFPORTY DATE . 78, TOTAL NO. DS bAGES b, NC. OF REFS
10 February 1970 : 35 15
se. c_onwu; Y OR GRANT NO. . 88, ORIGINATOR'S REPOIT NUMKWERIS)
15559-A ’

b PROJECT HO. 713192 .

C-. . [ 1Y a;’:ﬂ;kn}'bﬂ' NO(S) (Any other numbers Uial may Lo sieigned

[ A

J 0. CISTRIBUYION STATEMENT
~Unlimited
, [

‘n. SUSPLEMENTARY NOTES ) ’ 13. SPONSORING MILITARY AGTIVITY

Applied Technology Division
U. S, Coast Guard Headquarters

13. AUBTRACT

~ At the request of the U,S. Coast Guard, a detailed study has been made by the
Electrical Hazards Panel of the Committee on Hazardous Materials to determine the
feasibility of classifying some 200 chemicals of commerce according to the classifica-|
‘tions given in the National Blectric Code, NEC 500, by using a scheme based entirely
on available physical and flammability properties only. If successful| the system
would eliminate the present laborious process of actually testing the piece of elec-
trical equipment in the vapors of the particular chemical of concern.: *

the classification base-lines used in the present study were extended to' include thos
of the British Standards, B.S 229, Explosion-proof, and B.S. 1259, Intrinesically-safe
equipment, plus a new list of 13 chemicals recently included as tentative in the pre-
sent NEC 500 classification based on extensive testing at the Underwriters' Labora-

tories.

. Because of tho'paucity of npprovcd-dpmpoundl classified in the preoéﬁt NEC 500, l#
»

The physical-chemical and flammability properties gtudied either alone or in com=
bination in trying to establish correlations with the base-lines above were: the
limits of flammability, especially the ratio of these limits (upper/lower), flash
points, vapor pressures, quenching distances, spontaneous ignition temperatures, maxi-
mun safe gaps, minimum ignition currents, minimum ignition energies, pressure rises,
and heats of combustion. .

BD [%V.1473 S UNCLASSIFIED

Secunty Classilication




ABSTRACT (continued)

Although in the attempted correlations many trends were found in a quali-
:::i'\— SGuew Luu;\.auaug Lllﬂl- LGLSLLULIB“LFH ﬂ“\.l ucpcuuﬁuua.:s UU GA‘.OU 4>u I!
general way among properties studied, none were found that were unequivocal
or even sufficiently reliable to merit recommendation at the present. In

every instance, there were maverick compounds that just would not fall in line,

Therefore, it is concluded that the time has not yet arrived when we can
classify chemicals in a rigid mathematical way according to the NEC-500~-type
clagsification using available physical-chemical and flammability properties
only.

ST ETIEIPINERE -

i

it Al Larsan e i bia T . i S D LS L LD R




UNCLASSIFIED

Security Classificanan

NEY WORDS

LINK A

Link §

LINK C

RaLL

wy noLE

T

BOLE

wr

T

Electrical Equipment
Fire Hazard
Explosion-proof
Hazard Classification
Chemicals
Flammability

Flash Point

Ignition Currents
Spontaneous Ignition
Ignition Energy

Heat of Combustion
Vapor Pressure

UNCLASSIFIED

Security Classification

0o

PRSPty

.
i
1
3

o




