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Industrlal Exp1031on

1. A serious danger to employees
and property in many industries is the
use, creation or accidental occurrence of
gases, vapors and liquids that may cause
an explosion. This danger exists, often
unsuspected, in so many plants that it
is desirable for every executive to give
some consideration to conditions in his
own plant and to take steps to prevent
fires or explosions hefore sométhing oc-
curs to call this danger more forcibly
to his attention.

2. An e:plosmn from a chemical
viewpoint is most comwonly a rapid
chemical reaction, such as combustion
or decomposition, that causes a great
and sadden evolution of gases, or heating
of gas, or a combination of these. There
is an attending sudden violent increase
of pressure, usually accompanied by a
sharp report, and explosion waves are
set up in the air and other associated
material. While the term “explosion”
is employed in this pamphlet to in-
cude only rapid chemical reactions
that produce a sudden violent incrense in
pressure, it should be recognized that vi-
olent explosions of a physical nature cau
he caused by a sudden release of gases
and vapors under pressure, such as the
bursting of & steam boiler or other pres-
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While not many explosions .of this
pature occur in indusirial eguipment,
they are possible. Hpwever, they fre-
quently occur in the Isboratery, when
working with glass vessels, LT

3. "!hevidlenceorkstmcﬁm‘&ﬁ.
accompmiies or- immedintely follows

most explosions is due, piimarily, to the
development of pressure that. ruptures
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bumn or explode when mixed with air im

_ Dawr For-wes 1 the proportion of 1.4% to §%. Cex-

: it s tain other mists or fogs (air-carried
Figure 2. Weatherproof fntings for vest  gronlers or particles of liquid rather thes that are' flammeble and will produce
pipes. (See paragraph 23d.) vapors), are explosive in much the same explosive miixtures with air or oxygen

manner as dusts or particles of com- has the broadest interest from an indus-

Practices Pamphlet No. 28). - trial explosion hazard vi int. The
such as_dynamite and gunpow- bustible solids. Mist explou.ions will nusmber of gases o vapo“:inwmthis
der, which contain the oxygen even occur where the liquids are mot ™ that it § 'sto!
necessary for their rapid com- volatile enongh to produce explosive = 30 large is pat practmlble
bustion, or, where the weak amaunts of vapor at ordinary room évencom;ﬂete!istinthmpampﬂgt.
chemical bonds of the nitrogen tures, In gemesal, however, a complete list
m the compound are easily tempera is com-
, broken bya chemical or physlcal ¢ The most unstable of all com- busttble and every lquid that Is vols-
oo mercial combustible gases is acetylene tile enough to create & Rammable vapor
b) Chemical d as commer- . . . . .
» cial ;xplsosri‘:;ns;ut .:vhich can Which will dissociate, (split into its com- mixture with air. The list may also in-
decompose spontancously {(such ponent parts, hydrogen and carbon) if clude substances that alone are not vola-
as acetylene) subjected to heat when it is at more ﬁkeemghtocrutea.ﬂammablevapor
1. Gases and vapors which react rap- than atmospheric pressure. It is for this air mixture, but which' will contribute a
idlg'wit:n.\es (otl:(rlg:noxnen) reason that the grs, when stored under significant amount of vapors to ctt;z
when they are igui heating or  pregsure, is compressed in vessels con- bustible gases or vapors from o
iﬂ*ﬁ‘d’;‘mﬂfﬁmhﬁ taining a porous substance that will sources so that the mixture of vapors .
ﬂuonn: prevent dissociation or explosion, In as a whole makes a lammable vapor-air
TII. Combustible dusts (discussed in soaked with a solvent, sach as ace mmdm”‘mm or sep-
Safe Practices P, . 1 , tone, : )
w?xi:h r,:itymm a:’.}mc,:mNocmﬁ,),; that will absorb many times fts own arstely, each of which was volatile
enough oxygen for rapid combus- weight of scetylene. enough to give off only one third the
tion. They are explosive when amomt of vapors required to form an
mixed in proper proportion with mr. 7. A nomber of rather common explosive vapor-air mixture, the cuma-
IV Combustible and s from gases will react with each other with ex- lative contribution of the three would
gases vapor A . N .
flammable liquids, when they are plosive violence in the absence of air be explosive. This will be discussed in
ltl_:ixcd i_t;ltllmfkly inthwhiy propor-  or oxygen. Mixtures of chiorine and more detafl later under the subject of
100s w1 &ir or oificr oxXygen con- -
taining gases from which they ob- hydrogen will react violently, the prod-  fismmable Limits of mixtures of vapors.

liquid.) unstable or semitive; the reactien 85 determinad by & prescribed test po-
iquid. very or ; \ X L

5. This conteins 3 discus- nybemdbyw.uh* mnm“hghrw-

sion of the substances inchuded in the Chlotine will react with geues "m"m
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Butyl Acetate (iso) 64

Butyl Formate 64

Croton Aldehyde 55

*Crude Petrolenm

Denatured Alcohols 45 to 60

Diacetone (Technical) 40-57 .
Dichlorethylene 57 D~
Dicthylene dioxide 65

Ethyl Alcohols 48 to 65

Ethyl Alcohol & Water (up to m

water) 62 to 70 N .

Ethyl Benzene 59

Ethylene Dichloride 56

Ethyl Methyl Ketone 30
Me: ' Ethy] Nitrate 50

gases, vapors, and liquids is important.
In this pamphlet it is not possible to
indicate more than a few of these
properties and point out their relation
to explosion bazards and theu- control,

Esplostve Gnus
pressures above atmospheric)

Butylene ~ Methyt Chloride Ethyl Propionate 54
Carbon Monoxide Natura!l Gas Lacquer 0-80
- Miscelianeous com- M) Beohe)
Ethan 1 fuel et u
Ethylene Propanc (at abaos. Naphiha (“Solvent”) Benzol (Cosl Tar
Et id ! ap. . L
Viene Oxide  pBwenic pressure) Nitrocellulose (Wet with solvent) 40 *Dimtillate
Octane 56 Ethyl Acetanilide 126
Flommable Liquids Paraldehyde 63 Ethyl Alcoho! & Water (more than 30%

Class 1—Liquids in this class have a
flash point below 25° F., closed cup tester
Acetaldehyde —17

Acetone 0

Alummnnm Paint 0-25
*Benzine 0 or less

Benzol 12

Butyraldehyde greater than —20
Carbon Disulphide —22

Collodion 0 or less

Cyclohexane 1.

Cyclohexane Hexahydrobenzol
Denatured Alcohol (Govt. Formula SD-

13A) lower than 19

Diethyl Ether —20

Ethy! Acetate —24

Ethyl Chloride —38

Ethylene Oxide lower than 20

Ethyl Ether 0 or less

Ethy! Formate —4

Ethy! Methyl Ether —33

Ethyl Nitrite 31

Gasolme —50

Gasoline (matural) 0 or less

Heptane 25

Hexane —7

Lacquer 0 to 80

Lacto! Spinits 7

Leather Cement 0 or less

Methyl Acetate 15

Methyl Ether —42

Methyi Formate —2

Naphtha —0 or Jower

Naphtha, V. M. and P. (Mineral Spirit)

Propy! Torthate (Iso
Propyl Formate (normal
Vinyl Acetate —18
Vinyl Ether 20 .

1z

Propyl Acetate 58

Propyl Acetate (Iso) 43
Propyl Alcohol (n) 59
Propyl Alcohols (Iso) 53
Propyl Alcohols (Sec.) 67
Propylene Dichlonide 59
Pynidine 68

Rubber Cement 50 or less
Toluol 40

Varnish Shellac 40 to 70

Class 3—Liquids in this class have a

flash point above 70° F., and below 200*
F., closed cup tester.

Acetic Acid 14

Allyl Alcohol 70

Amy! Acetates 77 to 91
Amyl Alcohols 91-109

water) 72 to 144
Ethyl Batyl Acetate 135
Ethyl Butyl Alcohol 137
Ethylene Diamine 93
Ethyl Glycol 104
Ethyl Glycol Acetate 117
Ethyl Lactate 115
Fish Oil 150

*Flavoring Extracts

Formaldehyde 130

No. 1. Fuel Oil 100-165

No. 2. Fnel Ol 110-190
No. 3. Fuel Oil 125-20

Neo. 5 Foet Oil 150 and over
No. 6. Fuel Oil 150 and over
Furfural 140

Fusel O 108

Gas Oil 150 and over
Hexyl Aleohol (n) 145

Aniline 168 Kerosipe 100-165
Benzyl Chioride 140 **] pather Dressing
Brandy 84 *sliquid Metal Polish

Bromobenzene 149 =] iquid Stove Polish

Bronzing Liguid, below 80
Butyl Acetates 64-72
Butyl Alcohol 84

Butyl Alcohal (Iso) 82
Butylbenzene 126

Butyl "Carbitol™ 172
Butyl “Cellosolve” 141
Butyl Ether 100

Butyric Anhydride 190
Botyrone 120
**Carbon Remover Liquid
Chilor Benzol 82
Chloroethyl Acetate 129
“(leaning Fluid N
*=*Coal Tar Light Oi

*Coal Tar Of

Creosote Oil 165
Cresol —0 1o 178
“*Crude Petroleum
Decalin 136 :
Deane 115
Diacetone (Acetone Fm) 131 s
¥ther 77 -

.
"

Methyl Amyl Alcohal 113
Methyl “Cellosolve™ 107

Methyl “Cellosolve” Acetate 132
Methy] Glycol 97

Methyl Propyl “Carbinol® 105
Nitrobenzol 190

Octy} Acetate 180

Octyl Alcohol 178

Octyl A]d:hyde.lZS .

P Class 2—Liquids in this class have a
flash point above 25° F., closed cup tester, -
tester,

* .
e '.\.

- .
——

and below 70 degrees F., closed cup 'g&bm: (mm)m m“ms-rdm:nmed—
Acetyl Chloride 40 : " Diethyl Ctrbonne‘ﬂ >
Aluminum Paint 0-70 - :} - Dimeto Aoiline W5 - - %‘”‘" - ¥ depenaing on spect,
. "h,_f' ~r _:. CL »'4.‘:‘“ ("-;-. - __: 2 ’
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any of the substances given may vary
according to the purity. Where there
is any doubt, either a test should be
made to get accurate data on the sub-
stance used, or the lowest flash point
given should be accepted as the prob-
able correct value.

13. Flammaeble limits. Each flam-
mable gas or vapor has two rather defi-
nite limits to the proportions in air that
will propagate flame and become ex-
plosive. The “lower flammahle limit”
is the least amount and the “upper
9ammable limit” is the maximum
amount that will propagete flame if ig-
nited. Here it should be noted that the
terms flammable Limits and explosive
limits are synonymous and each is fre-
quently used although most references
use the term explosive limits. The
range of concentrations of gases be-
tween the lower and upper limits of
tbe particular gas or vapor is its range
of flammability or explosibility. When
the amount of gas or vapor is below
its lower flammable limit and & source
of ignition such as a flame or spark is
present, 2 small amount will be burmed
in the immediate vicinity of the fiame
or lptrk but the flame will act be self.

Mﬂhhewmuhnéﬁ
propagating. Tn a¥f proportions Between
&ebwud&wmﬁank-.
ture upon ignition at ez pelnt =il
mmhm&*
mixture, Hapumh“ﬁw
bedow The lower Hnsit conuuﬂnﬁ-.
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i it Is above the upper Bmiit & will ant

propagate flame, bat it it is sbove the
upper limit and later bocomes dlluted
with air or oxygen, it will fall witkis
the fismmable range. In most industrial

situxtions whete fhere are Nammable -

gas or vapot hazards, the concentrations
will vary from traces wp fthrough the
full range of fiaramability to the source
of the vapors where fhe amounts may
be above the upper range of flammabll-
ity.

14. Any varistion in the amomnt of
air present in a mixture will, of course,
affect the iguition point of the mixture.
When the particles of a gas are widely
separated by an increased amount of zir,
the mixture is said to be too lean sad
flame will not propagate, While iguitian
might occur, it will not be sepported
since the particles of gas or vapor are
too far apart for the initial flame to
spread. Conversely when the mixture
is deficient in air, the mixture is sxid
to be too rich. Here the gas or vapor
patticles crowd one another so closely
that there is insufficient oxygen to sup-
port combustion. Between the wpper
and lower limits of the explosion range
are found all the graduations of slow or
rapid combustion. This provides a com-
monly used basis for control of explo-
sions, by maintaining the required de-
ficiency of oxygen in the mixtures. -

15. The slight normal changes of
atmospheric pressure have Httle effect
on the explosive range of gas or vapor
and air mixtures. Marked changes up
or down do, however, cause some change,
this change being specific for each mix-
ture. Decreases in pressure for the first
few hundred millimeter below 760 cwese
only minor variation but as the pressare
is further decreased the explosive range
aarrows until at & suficiently Jow pre-
sure the lower explosive Limkt coincides
with the upper limit. Heve no Sume will
pressare, on the

range is narvowed so that a mistwre fat
will propagste at atmogihieic piesswe
will not 4o 50 at a higher pressare. (Far

additional dctalis on the effact of peve- .
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compound vary with the conditions of
experiment, the values given in the table
“ave been selected (Bureau of Mines
dulletin 279, 1939 edition) as those
thatwuuldbemost Tepresenta
tive of the conditions of industrial situ.
ations. Small variations are of no con-
sequence since in the control of explo-

|
INDUSTRIAL EXPLOSION HAZARDS
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Table: -

S.P.P.-34—5

Sumdadeiimksdﬁmmﬂﬂbgf(hﬁde

Limits given in Per Cent Yy Volume, Moizture Froc Basie

Gay or vapor

sion hazapds a considerable safety factor
should hed Acetaldehyde .........
19. S Temperature. Refer acien, 00 .
coce is Sigently made to the igniting  Auyl alookel ..., . .
dgguor\hpormur, Ammonia ....oviuenes 16 .
with the understanding that it Amyl alcohol ...... .
minimum temperature requh'ed to initi- Amyl chloride ...
ate an explosion. While it is true that AW"‘”( ''''' B
guses and vapors have rather definite Buwr (..l 13 B4 : Z WS
temperatures at which they become ig-  Butyl acetate ......... 171t . . vee
nited i air, it must be remembered that gutyl le:clmhm eeeae l.; ‘50 . . .
i tempera utylene ...... ...... 1. .e .
memhm the recorded ture Carbon disulphide 125 50 .. ..
of ignition is also closely related to the !
. . Carbon monoxide 125 74 .. 56 59
exact conditions under which the par-  Crown aidebyde ..... 21 15.5% .. N
ticular value was obtained. Ignition Cyclobexane ... 13 12 83 .
temperatures are not definite physical %ydopromne ........ 2.; 103 245 a3 o
constants under practical conditions, JSBEE ... occeel.o . . . -
Dichloroethylene ..... 9.7 128 . . .
Tbe temperature that will produce Diethyl peroxide ..... 2.35 . . .
ignition of the same gas or vapor may Diethyl selundc ...... 25 . .- .
vary considerably for different means of Dioxan v 20 220 . . .
ignition, particularly if they are beated Ethace . i-g 3-55“ 41 5 e 134
surfaces. Catalytic effects are very im- E‘h’m y; :ﬁ:::; """"" 33 "o "
=ortant, particularly those of the type Ethyl bromide ....... 67 112 ‘e X
Bt accelerate surface combustion at Ethy) chlonde ....... 40 148 . -
comparatively low temperatures. This Ethyl ether ...... 185 8 21 82 .
causes an increase in temperature of the Eat:y{nfum = . %‘7’ o - .
lgl!lt.mg mdy, which in turmn up yl Iormate . ae .s “rs wee
speeds Ethylene ........ ... 275 29 29 80 10.0 117
the reaction so that the surface tem- Eipylene dichionde ... 6.2 15.0%+ .. . ..
perature coutinues to rise untl it be- ll;lthylme oxide ...... %01_ 80 ..
co igh enough to ignite the mixtur urfural ............. 1 .. .. ves
mes hig gh to igni ©  HMeptane ...... 1.0 60 .
20. The means by which explosions Hexane ....... 12 59 . 1L9 145
of and Vapors may be initiated Hydrocylmc acid . 58 40 .. “n cue cns
g . p Hydrogen ............ 40 7% 4.0 o4 58 59
vary considersbly with the particular Hydrugm sulphide.... 4.3 455 .. - .. .
gas or vapor dealt with and the condi-  Iso-Amyl alcohol...... 12 . . . .
tions under which the explosions occur. Isobutane . weer 18 B4 . ,e - .
With acetylene; for example, only pres- mg;ﬂmb‘“ """ }g - v . ve- e
sure is required. With hydrogen and Iso-Propyt scctate ... 18 7. : : o
chlorine, strong light is sufficient. Mix- JIso-Propyl alcohol .... 26 .- ‘ .
tures of chlorine or bromine with acety- Lead tetraethy] ....... 18 .. ; . .
] Methane .. 5D B 6
RN T 159w .
aloobol ....... &7 % , 135
ceeee. 35 M5 e SR
e 12  d S .
Metiry! chloride . ‘x.g » ) : : -
ethyl %  ma. N o
. 18 . Lo .es
n ~2" C e = e e
C amd higher me NOUFTWITE- LR o o
) required, depending on the partiowlar Dosse .......eeee 45 B A eian . e
substance. In addition to mere tam- Paradidyfe il 13 7 ’ ‘ ;“:., ) * e
perature of the igniting source, igeifion Peotame .. .pceeeoe.. M. % - I SN e WA
gases or vapors requives & cortelm TTEREE coeerdiicec 2R B eyl L THEe M3 :
w~autity of energy. For cxamgile, diag. c T e 7T T [Contiuwell om mest pagm) ¢ ¥ e i
- . . . - . . e " 3
mm'm‘m*'mmmmw
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6—S.PP.-34 SAFE PRACTICES PAMPHLET NO. 8 ~
Table 1
{Continued from page 5)
m air, e, T e e
par cemt per cent ts
i d
Upper Lower  Upper as diluent o Jnuu:t
8.0 . oo
111 21 5 115 141
14.5¢ . ces -
215 . .
Tin tetramethyl 19 .e .
Toluene .... . .... 13 67 .
Vinyl chidonde ...... . 40 220 .. .. .
Viny! ether .......... 17 27 18 85 .
Xylene . ........... . 10 60 . . ves .
*At 60° C. **At 100° C. tAt 125° C TtAt 30° C

tric sparks, even though at high tem-
perature, can be so small and of such
short duration that they do mot burn
cnough of the gas or vapor-air mixture
immediately surrounding them to start
a generel fiame propagation through the
mixture. However, ordinary sized sparks
and small arcs such as are usually pro-
duced by electric switches, flame of
matches, etc., are sufficient from a prac-
tical explosion bazard viewpoint to im-
mediately ignite any flammable mixture
of a combustible gas or vapor in air.

21. Volatiity. The amount of vapor
that will accumulate in the air above
2 volatile liquid is dependent upom its
vapor pressure. Vapor pressure, some-
times called vapor temsion, is a deter-
minable physical property of all liquids
and for a particular liquid it is affected
only by changes in tempetatum. Vapor

be found in standard reference tables.

22. Swurface evaporatiom. An impor-
tant factor related to evaporation is the
amount of surface exposed from which
vapors may emanate. Evaporation takes
place at the surface and, for example,
if a gallon of liquid were exposed with
a liquid surface of but one square foot
the rate of evaporation would be roughiy
only one-tenth that of a gallon of Liquid
exposed under conditions of 10 square
feet of surface. This is very important
from a safety standpoint and points to
minimizing surface areas as & mesns of
control of hazards. The temperature is
also very important as the potential rate
of evaporation increases with an increase
in temperature, owing to the increase
in vapor pressure. Many substances will
not give off enough vapors at ordinary
temperatures to be explosive but will
give off explosive amounts if the tem-
perature is raised. A limiting factor
exists in that the space over the liquid
will eventually become satursted with
vapor, especially if the space is com-
fined, as in a pertly filled, closed von-
tainer. Thus &t any given temperature
s condition of balance is remched mmd

suriace exposed is the total of the sur-
facsofthehﬁvidoﬂplrﬂduofmiﬂ.

P:evumagﬂqﬂa-en

‘2. Eg!odmmbemtl)
preventing the dewslopment of -
ive mixtures and (2) by preventing
the ignition or setting off of the explo-

sive mixture. Important steps in carry-
ing out these measures are:

a) Making a thorough survey and mven-
ofpfoducn and processes to de-
temnae ﬂ:epotnble ordinary and ac-
osrces of explosions or fires.

ox Jess &ploswe products isolation of
dangerous products; mmproved safety
in handling and use of volatile ma-
tenth good local and general ven-
tihﬁon; use of closed coatainers; use
of inert gases to suppress flammable
conditions and elimination of sources
of ignition. (Cognizance should be
taken of the toxcity of the materials
used In some cases it may be pos-
sible to substitute a2 less toxic as
well as 2 less volatile material.)

¢} Making thorough inspections at sched-
uled imtervals.

d) Designing new plants so the effect
of an explosmn will be localized
(Explosion resisting parutions should
separate hazardous and non-hazard-
ous departments; all stair wells and
elevator shafts should be completely
encjosed, all pipe holes through walls
and Boors should be sealed and any
other floor or wall opening should
be closed to prevent the propagation
of flame beyond the immediate site

of the or explosion, Large out-

i spaces shonld be pro-

vided and scnred glass should be

used to relieve the explosion pres-
sure Vent pipes should be mstalied )

24. Common ignmilion somrces. The
ignition of an explosive mixture of gas
or vapor with air may be prevented by
the proper coatrol of flame, fire, fric-
tion, sparks, static electricity, electric
arc, excessive heat or spontaneous igni-

]

25, Smoking. Many explosions have

RSV0030399
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Tuble 2

Approximate Limits of Flammability of

Some Industrial Mixtures of Gases and
Vapors in Aur at Ordinary Temperatures
and Pressures, per oemt

Lower Upper
Gas or vapor Lamit, by Limit, by
R volume  volume
.11 8
14 65
6109 5t070
. 48 133
. 53 i
.. 35 74

The limit figures 1n Table 2 apply only
to particular samples of mixture. By the
use of Le Chatelier’s law (see paragraph
17) the limits of samples of sumtlar mix-
tures can be calculated.

Much more information s given in
Bureau of Mines Bulletin 279, 1939 edi-
tion, on the conditions under which the
values given in Table 1 and 2 were ob-
tamned as well as data on the haits of
other gases, vapors and mixtures, The
mformation pertains not only to limits
when the gases or vapors are in air but
also to other atmospheres, such as those
that have ather a deficiency or earich-
ment of oxygen, or the presence of car-
bon dioxide or other gases that have a
;ual:tx:ressmg effect on the propagation of

€.

@ ‘ng of matches or open lights, and pro-

aibiting the entrance of unauthorized
persons.

27. Open flames, lanterns, boilers,
etc. The use of open flames, such as
lantemns, gas jets, ofl lamps, torches, or
candles, should not be permitted in
plants where there is an explosion haz-
ard. Neither should boilers, fumaces,
or dryers with open flames be installed
in those portions of the plant where
explosive substances may be present.
Gases and vapors may be carried by
drafts to a flame several hundred feet
away. Heavy vapors may spread across
a floor or table to 3 flame and may flash
back and cause an explosion at the point
from which the gas or vapor originated,

s
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Figuse 4. Brush coatact for removing seatic from shafting. (See puragraph 35.)

determine whether or not it is safe to
weld or cut.

28. Fire havards. Fire is & serious
hazard in practically every industrial
establishment, but it is particularly dan-
gerous in a plant where there are flam-
mable gases and vapors because any ac-
cidental fire is almost sure to cause an
explosion, Accordingly, in such a plant,
every possible precaution should be
taken to prevent fire and to extinguish
it immediately if one should occur.
These problems are discussed in other
sections of this pamphlet; also in Safe
Practices Pamphlets No. 24, “Fire Ezx.
tinguishment,” No, 31, “Fire Causes and
Prevention,” and No. 36, “Fire Bri-
m.»

29. Denger signs on tanks. At tanks
and at the entrance to all buildings or
rooms where explosive substances are
stored, used, or generated, danger signs
should be posted, telling of the haxked,
warning against the carrying of matches
or open lights, and prohibiting the wn-
trance of unauthorized persoms. (See

30. Friction sporks. Scme tests have
indicated that friction sparks sach as

!

might be produced by striking two ordi-
nary pleces of steel together, do not
ignite gasofine vapor-air mixtures, but
wntil mofe conclusive data have been
developed regarding the possibility of
igniting various vapor-air mixtures from
the friction sparks caused by different
types of metal, it is desirable to avoid

&
g
E

i
§
£

-

|
§

-

i
e

i
tREfE

:
|
;

g
g
g

{

i

¥
¥

E

i

i

- &
1
g

RSV0030400



8—5.P.P.-34 .

Figure 5. Explosion - pmof eleanc m:mlhnm. Bumne Fs)

pm-hrgemaho-

turing plant. (See paragraph 47

tures. Static charges are buiit up when
any two dissimilar surfaces are rubbed
together, when two pieces of silk are
rubbed; where liquid passes through
hose; when liquid is violently agitated
in a tank or by belt running -over pul-
leys. This charge as soon as it builds
up a sufficiently high potential will dis-
charge to the nearest grounded metal.
It is this discharge which is dangerous.
(See Safe Practices Pamphlet No. 52,
“Static Electricity.”)

33. The best precaution against
static electricity sparks is to keep
all conductors bonded together and
grounded. All machines, motors, belts,
pipe lines, tanks, or other permanently

charge that may otherwise cause igni-
tion of vapor. lnmnkmg repairs to pip-
ing systems, wire jumpers should be
used when disconnecting unions and
couplings, and when cutting pipe.

35. Sparks from static charges on
belts. On power transmission Dbelts,
static charges may be eliminated by ap-
plying beit dressing that has been mixed
with aluminum or bronse powder
with a mixture of equal parts of
and giycerine. The surface of
will then conduct a stati
lead it to the earth thro
wire connected to the shaft
shaft hangers, or to brushes on
pulleys over which the beit
many installations, belts can be
by spur or metal gears which can
encased and operated in oll. Whesever
there is an ignition hazard, both the
moving and stationary parts of st
machinery should be eloctrically
grounded. (See Safe Practices Pampiidets
No. 29, “EeetﬂcEquipmenthI*-
trid Plants,* and 52, “Sutic
Hlsctricity.™ (Seeﬁm!uSaii&

5,,
Egiza

g%

f

i

e v 24

sl other electric equipment
he’hsuﬂulouuideﬂ:osemm
is an ignition hazard. Elec-
enqk,mybemtaneu

tion
and
the

regquircinents of that section of the
National Electrical Code relating to

38. Héat. While metals not heated
above black heat are generally consid-
ered unable to cause direct ignition of
a mixture of gas or vapor, there are
many vapors such as carbon bisulphide,
amylene and many hydrocarbons of the
heavy molecule type that are ignited at

below a visible red heat.
Also, excessive heat may ignite other
substances, and the flame or spark thus
produced inay ignite an explosive mix-
ture. See the preceding discussion of
ignition temperature.

30. E‘caﬁng rooms. Low pressure
steam or hot water beat is the one form
of safe beating In rooms or buildings
where there are certain explosive sub-
stances. Low pressure steam is usually
available. The pressure in the mains
should not exceed 15 Ibs. per square
inch. There will be a drop in pressure
in the feeder pipes so that the pressure
at the radiators will be somewhat lower
than 15 lbs. per 3q. inch. The surface
temperature of the radistors will vary
therefore from a kigh of 250.3° F. at
15 Jbe. per square inch to 112° F. at
atmospheric . Thess temperp-
bures showid be cerclully considered in
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automatic shut-off valves and shums | . N N T
should be installed. These can be ar- N o W . L .. .~
ranged to sound an alarm whes the A Soom— - - ]
temperature reaches a predetermined ) & -
mit. . 1 . X e
40. Igwition by overkeated becrimgs. PO
: Me vapors. there- . S
s :u “'
hd :‘." :-’:-::N 1
'«*“E:‘ 1

41, Igm'tiou by belt ﬁfﬂ- Friction P, ST Saa i Vel suv
of belts is liable to start & fire and ’///2//////7/44%////'_‘_..—__.__4'////1,,,//,/
thereby ignite an explosive or flammable ;{ A 0 O o s
gas or vapor-air mixture. Belts should g
not be permitted to rub against each 7 4
other or against other objects. Neither 7. R
should they be allowed to slip around
pulleys which, because of “freezing,”
excessive load, or other causes, will not
revolve.
42, Ignition by the sun and by gloss R
lenses. Defective window glass, bottles, o r——
or other articles of glass through which
the sun shines may act as lenses and - .
start & fire. Bottles and other articles , Courteny CroshyFlike- Hamdbook of Pire Protection™
C should be set out of range of the sun, Mm:ﬂ WJMH seor £ “d‘m
and the windows can be shaded or mepoinx,dninwwermh 1y designed ar, oil sepa-
painted. rator; Door Sili—raised about Gm; Door—m and
bung on iron frame; Windows—metal frame and wite glass. Vent
43. Sponsameous ignition. The possi- pipe extends from floor through roof. (See paragraph 52.)

bilities of spontaneous ignition or de-

composition of gases and vapors has P : . . -
been referred to previously.. In al Sponfaneous ignition is the result of a react with organic matter and pmdncc

none of the mixtures of common gases - .y e
or vapors with air will ignite or explode ofthe‘mu!dth:rmatmnlA;gnix;ad,or orﬂanﬁ:bl.emixtmumx.:hnsgus,
spontaneously. On the other hand, dust bnctu'ul actron, both. Is Inost  vepors Ticquids.
accumulations or other substances hike Demical reactions, heat Is prodaced

caga containing vegstahle ofl may ignite mheatmus?ﬁt::ebeacﬁongbm Pmﬂxplouve
spontaneously and in turn jignite an m.md‘m te point Is 1 Iud‘
explosive or flsmmasble mixtare or & at which the material bursts imto Bsme; .
the flame, in turn, may came am ond piping. The use of
exploston. = pince of metal pipe
be prohibited; rubber deterio-
by.ﬁrg-?rodumclm- with age, mechanical abrasion,
Spontaneous ignition, especially in moistore,
has undoubtedly cansed some Srex mind flexthle tubing,
i disastors have boen cases ok =nd
attributed o spentansous ignition whes, A
the truth were kmown, they Tave must he afforded
been caunsed by » Smmpe, & grk or e aad ruptave. - Gas

1
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where there is no danger of igniting the
gas, great care should be exercised in
Josing the necessary valves and rémov-
ing all traces of the gas before starting
work. Other points on gases are dis-
cussed in Safe Practices Pamphlet No.
31, on “Fire Causes and Preveation.”

propane, butsne, blau gas, pintsch gas,
and others are used for lighting, weld-
ing, and other purposes. These gases
shonld be handled with precautions
similar to those observed when handling
other combustible gases. (See Figure 5.)

48. Mechanical rupture. Compressed
and liquefied gases and vapors are used
extensively. Great care should be exer:
cised in storing and bandling containers
for these substances; heat or severe
blows may cause them to burst with
explosive violence,

49, Flammable liguids. Gasolime and
other flammable liquids should always
be stored in closed containers to prevent

mdue evaporation and the mixing of
their vapors with the air., (See Indus-
trial Safety Series Pamphlet No. Chem-1
“Pipe Lines and Tanks as Causes of
Accidents” and Safe Practices Pamphiet
No. 63, “Storage Tanks for Oils, Acids
and Dry Materials.”)

50. Skipping containers. 1n shipping
flammable liquids, tank cars, barrels,
cans, and other containers should be
used in accordance with the regulation
of the Bureau of Explosives, 30 Vesey
St., New York City. After portabie con-
tainers are emptied, taps, plugs, and
bungs should be tightly repimced im-
mediately, Some users clean out port-
able containers before returning them to
the manufacturers. It should be
nized that  geattainer that is empty with

- only W e volatlle fxmmahle
liquid to wet the inside mey
be more from the standpoint
of the container than the

container Wiin fillsd with Giquid, owing
to the large volome of explosive mixtiure
that it comtalms. See Safe Practicss
Pamphlet No. Pet, &, "Drums i Bar-
reb” See alao Industris! Datz Shests
No. D-Chem. 10, “Drums amd Other

ortable Containers Which ¥iave Hald
Alammable Substances” andl Neo. D-dex,

QAFE PRACTICES PAMPHLET NO.

1, “Removing Flammahle Vapor from
Gasoline Storage Tanks."

Storage tanks, Large quantities

and above-ground tanks depend
their proximity to buildings
tanks. Where explosive mirxtures
likely to be present in the
vent openings should be designed
prevent flame propagation through
vent. Safety diaphragms may also be
employed to relieve excess pressure,
Local ordinances should be consulted for

detsils on capacities, material and con-
struction of tanks, foundations, ground-
ing, dikes, vents, pumps, piping, fill
pipes, freeing tanks of flammable and
explosive vapors, repairs, etc., see Safe
Practices Pamphlet No. 63, on “Storage
of Flammable Liquids,” and Industrial
Safety Series Pamphiet No. Chem. 1,
“Pipe Lmes and Tanks as Causes of
Accidents,”” as well as the Regulations
of the National Fire Protection Asso-
ciation.

52.. Oil rooms. Under certain cop-

i-

-

' e

No dmain conections should be made

®

M

direct to the sewer. Figure 6 shows a
| . It is neces-
at

varies with the nature of the gas or
vapor to be removed and depends upon
whether it is heavier or lighter than air.

floor or near the ceiling or both. It may
be necessary to provide a general system
of exhaust ventilation by installing fans.

from re-entering the room, or from en-
tering any other place where their
presence would be dangerous. Fans
should be driven by direct-connected ex-
plosion-proof motors o by belt or
shafting if the motdr is not of the ex-
plosion-proof type and is located outside
the danger zome. An exhaust system
with hoods which trap the gas or vapor
at the point of origin is likely to be
more satisfactory than general room ven-
tilation. To assist in the solution of
ventilation problems, certain gases and
vapors are classified as follows:

Laghter than Air
A

cetylene Pit gas (firedamp)
Carbon Monoxide Illnrunating
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of at least No. 18 gage sheet iron, with
double walls allowing a 1% inch air
space. The door should bhave a three-
point lock and be kept closed when not
in use. The door sill should be raised at
least two inches above the bottom of
the csbinet. Some cabinets of this type
and where it is practicable
outside the building.

toiners. Tt may sometimes be necessary
to carry flammable liquids in portable
containers. Portable wheeled tanks and
safety cans have been designed for this
purpose. No portable wheeled tank
should exceed 60 gallons in capacity.
The tank should be of iron or steel, at
least 3/16 inch thick, with all openings
located at the top. Wheels should be
rubber-tired and tanks hung so they are
not likely to tip over. Liquids should
be drawn from the tank by means of a
tight-fitting pump. Whenever practi-
cable, these tanks, when not in use,
should be kept outside the building; if
they must be within the building, they
should not be placed near radistors or
other sources of heat. They should be
<0 located that they can be removed
Jickly in case of fire, A brake and
handies at both ends of the tank are
desirable

56. Safety cans. To minimize the
hazard in bandling lammable liquids in
portable containers in plants, safety
cans bearing the label of nationally
recognized testing laboratories should be
used. This suggestion is not intended
to apply to the delivery cans used by
oil companies and carried on the side
racks of trucks,

57. Distinguisking colors and labels
for comtainers and piping. Al tanks,
cags, and other containers holding flam-

ciation has promulgated a rele that all

“inders of compressed gas e markadl,
LHIS CYLINDER CONTAINS——
——." (See Safe Practices Pumpliet

P T

iio. 88,
Systems.”)

Special Utilization of Volatfle
; Flammable Liquids

58. All rooms or portions of plants
in which explosive or flammable guses,
vaporg, ot flammable liquids are used
or generated, should comply with the
‘recommendations of the National Flre
Protection Association and of local
ordinances. In the following sections of
this pamphlet, several types of special
utilization eguipment are discussed and
a few safety suggestions applying to
each one are presented.

59. Dip tamks. The bandling of
flammable liquids in open containers
should be avoided whenever possible.
If open vats or tanks must be nsed,
their openings sbould be as small as
possible, and wherever practicable a
cover should be provided. Covers may
either be hinged or slide on tracks, and
should be held open by metal chains
of approved type, containing fusihle
links. All covers should be designed and
installed so that they can be cloged
manually or automatically when ve-
leased by the action of heat or the
fusible links. Covers should be closed
when tanks are not in use. If the cover
slides on a track, the inclination of the
track should not be less than 34 of an
inch per foot. Where steam pipes are
used in viscous material, care should be
taken that the temparature does not get
too high (regulating devices) and that
the steam is shut off at the end of the
day. (See Safe Practices Pamphlet No.

“Identification of Piping

————

SP.P.-34-11

|

4

e, a8 nep
e
o m——

3" pipe for area up to 75 sq ft.
4” pipe for area up to 150 sq. ft.
S* pipe for area up to 225 sq. ft.
£ pipe for area up to 325 ag. ft.

62. Each tank should be provided
with & drain pipe, the drain to be
equipped with & valve capable of being
operated both manually and automati-
cally, The valve openings should be at
least 60 per cent larger than the cross-
sectidnal ares of the drain pipe.

$3. Japanwing and drying ovens.
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" 12—-SP.P.-34 ,
in many garages and other places, in-
volves fhe use of gasoline in open pans
fordunmgyensemdoﬂﬁummeﬂ!
parts. Akaline compounds, high flash
point solvents (Stoddard solvent or ker-
osene). carbon tetrachloride mixtures
2 flammabie solvests, or tri-
ipd can be used with safety
an. Where these gubstitutes
¥ should be takeh to avoid

dxic vapors; and, too, actumu-
fation of 6l or grease in fhe
compound should be avoided. For de-
tails, see Industrial Data Sheet No. D-
Gen. 13 “Removing Oil and Grease from
Metal Parts,” Safe Practices Pamphlets
No. 25, “Acids and Caustics,” No. 14,
“Goggles” and No. 64, “Respiratory
Protective Equipment.”

66 Imert gases. A practice that
bes become popular for the prevention
of explosions of gmses and vapors or
fires from flammable liquids, is to keep
the amount of oxygen below that which
will support combustion. In vessels
that are open to the extent of permitting
air to enter, the suggested practice is
to exclude the air and consequently oxy-
gen by purging or flooding with a gas
that will not support combustion.

67, The gases are commonly termed
“inert” gases. They may be ordinary
compressed carbon dioxide, nitrogen, en-
gine exhaust gas, flue gas or products of
combustion from another process; or gas
made purposely for purging and flood-
ing by buming gas or oil in what are
termed inert gas-making machines. Fach
situation must be given consideration
as to the most economical and satisfac-
tory mesns of providing the gas; also
thought must be given to the use of 2
gas that will not react with the system
or products which it contains. Among
the practicll situations in which thege
gases are uaed are the flooding of vessels

SAFE PRACTICES PAMPHIET O

normal situations and processes hist as a
stand-by emergency means for quiddy
flooding spaces in which an explosive at-
mosphefe bt a fire might ichidentally
occur, As indicgied, the objective Is o
reduce the concentration of oxygen be-
Tow that which will supporf a fire or ex-
plosion, or In case of a fire to create an
atmosphere that witl quickly smother it.
In addition to dluting and repiacing the
, the physical properties of the’

inert substances used have

some influence, but the important factor
s the reduction in oxygen. In this con-
nection it should be pointed out that an
atmosphere that is deficient in amomnt
of oxygen to support an explosion will
also be deficient in amoung required for
life. Tn all uses of inert gas for preven-
tion of explosions and fires, care most
be taken to prevent exposure of persons
to the atmosphere unless they have ade-
quate respiratory protection in the form
of a U. S. Bureau of Mines approved

self-contained oxygen bmaﬂnng sppe-
ratus of a supplied air hose mask.

69. The oxygen deficiency or amount
of inert gas in vapor required to pre-
vent explosions varies to some extemt
with the combustible gases or vapors
dealt with. Table 1 and Burean of
Mines Bulletin 279 (1939 edition) give
information on this subject.

70. Flame-suppressing vapers. An-
other practice similar 1o the uae of inert
#as, is to add to the combustible vapors
a non-combustible vapor that dilutes the
oxygen. A common example is carbon
tetrachloride wvapor or certain ather

. These pub-
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Towed situitions. It must
e ey pointed out that mosé of
these ‘wre’ wery volotile and
CAR ‘cre ‘Yapots in a confined
space atinogphere dan-
gerous. track , for exam-
ﬂe,isa oxit substance and men enter-

qr vessels where its vapor is
‘be supplied with respira-
tory protective equipment in the form

U. S. Bureau of Mines approved Type
B organic vapor masks for low concen-
trations or fresh air hose masks for

8. ‘ig

phlet No. Clxm. 1, “Pipe Lines and
TanksnsCausesowadmts"

Inspection
“71. The large majority of explosioms
and fires gocur in situations where either
no hazard was recognized or where it
was thought that the hazard was negli-
gible or tbat it had been taken care of
by preventive means. This indicates
clearly the need for thorough surveys at
regular intervals for the purpose of dis-
covering and eliminating potential ex-
plosion haxards. ‘These inspections
should be made by qualified persens
who, in sddition te a knowledge of the
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