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. - ‘This student module on safe handling and use of
flammable and combustible materials ‘is ﬁw modules concerned
with job safety and health. This module”Mtroduces the student to the
hazards of flammable and combustible materials and the measures
necessary to control thoge hazards. Following tfie, introduction, 14
objectives (each keyed to a page in the text) the student ik expected
to accomplish are 1i§ﬁ?d (e.g.,- Discuss the types of approved safety
containers). Then each- objective is taught.in deté\l, sometimes
accompanied by illustrations, Learning activities are included. A
list of references and answers to learning activitie$ complete the
module. (CT) ' .
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Many of the materials that are commonly used in industry today will

catch fire and burn. !

Solvents, waxes, c]eaners,-adhesives, thinners,and -
All 11qu1d fuels —
gasoline, d1ese1 0oil, and jet fuel are also in this category

polishers are usually fldmmable or combust1b1e liquids.
Gases used for

* industrial purposes may be stored in liquified form or as compressed gases if

hidgh pressure cy11nders Proper'hand11ng procedures for these gases are -,
essential since many of them have an extremely ‘high potential for causing
fires and explosions. Other flammable gases may be produced- as by- products t
of 1ndustr1a1 operat1ons Dusts produced by agriculturat or, manufactur1ng
processes are another major source of explosions and fires in 1ndustry

It is not posgible to 11st the hand11ng precautions for all f)amnable
and combust1ble~mater1a1s used in American industry, for these are thousands.
This module is intended as an introduction to ‘the hazards of f]aﬁdpble and -
combust1b1e materials and the measures necessary to “control those hazards.

F]ammab]e and combustible liquids are discussed at length, ﬁnc]ud1ng .
terms and classifications. Common ignition sources, storage procedures,
storage facilities, personal. protect1ve equipment, and fire f1ght1ng equip-

The hazards of f]ammable gases and combustible mater1a]s,

A Y

ment are discussed.

especially dusts, are described br1ef1y

F1na11y, the class@s of hazardous locations are defined by OSHA’ (0ccupa—

‘tional Safety and Health Administration)

énd as related to’ powered industriatl

trucks are described.
way of understanding the relative hazardg‘of various flammable. and.combustible

These c]asses'may provide the student with -z useful

/

A}

¢

materials.
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> .OBJECTIVES
/. _ " .
- . N , k N
Upon completion of this module, the student should be able to:
1. Define flammable 11qu1ds, combusfible 1Lgu1ds, flash -point,sauto- 1gn1t1on
temperature, and flammab]e or explosive.range.. (Page 3)° )
2. Exp1a1n briefly what is meant by f]ammab]e range-or exp]os1ve range
(Page 6) ) ' : o v,
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3. Ident1fy the OSHA class1f1cat1ons for flammable._and combustible 11qu1ds
(Page 8) . '
4. Ident1fy 12 common ignition sources and preclut1onary measures ‘that may
be taken regard1ng them. , {Page 10) -~ . / -
' 5. Explain in a sentence or two the need for bondipg and ground1ng.where
L ]
: ., flammable ligquids are poured and the d1$ference between the{;wo terms.
' (Page 13) N

' " 6. Discuss the types of approved safety containers (Page 15)
7. Descripe the\requ1réhents asSociated with 1ndoor storage of flammable
_and combust1b1e 11qu1ds (Page 17) .

A 2]
-

8. D1scuss the requirements necessary-for service stations and refueling
areas. (Page 20) : ' e g ;“ e
- 9. List at least five articles of protective equipment/useful when warking
‘ with -flammables and combustibles. (Page 21)

10.  Describe fixed and portable fire fightingd.equipment for use with flamma-
ot 1. Discuss the hagards of flammabYe gdses used for industrial purposes.'
(Page 26)
12. -Describe the hazards associated with plastics, text’Tﬁs, and some com- ~

o . bles and combustibles. (Page 23)

*
i bustible wasfes. (Page 30)
13. Describe two ways that dust explosions can-be prevented. (Page;QO)
14.  Identify the classes of hazardousslocations -as gefineh by OSHA.
(Page 32) . ) . . )
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. .~ SUBJECT MATTER

OBJECTIVE 1:,, Define f]anmab]e 11qu¥|s, tombust1b1e
liquids, f]ash pomf auto ignition temperature, and

lammable .or explosive rqnge

-

'

For: a fire“to occur, four :‘ngre'dients or conditions must be present.
These four fundamentals are referred to as the.‘fire pyramid (Figure 1).
There must be fuel, oxygen (in the air),
heat, ‘and & chain reaetion. Fuel ma
:be provided by H.qui.ds that wi'U burn&'\
as well as by oily rags, sawdust, paper, \ ‘
scrap, and other materials. , Oxygen is
‘usually din _p‘ﬁe'ntifu] supply from the air-
itself. Heat may be provided by elec-
teical sparks, open flames; hot pgar,ti-'
cles, and embers, as$ well asamény other
source'é., The fourth side of the fire
pyram'i'd is a chain reaction between fuel
and oxﬂ’gen;,.(= : B
. FLASH POINT, FLAMMABLE, AND COMBUSTIBLE
LIQUIDS

P
L]
.

’ Figure 1. The firje pyr_ami.dt - Many of the liquids that are com-

, monb‘/fused in industry today will catch
fire and burn; that ”IS; they vnH ignite. 'Ignitable liquids burn easily and
rapfd]y Fires fue]ed by 1gn1tab1e 11qu1ds are harder to ext1ngu1sh than some
other kinds' of fn‘es dn add1’c1o’n vaphrs from 1gn1tab1e liquids are likely
to exp]ode_ / . . :

An 1gmtable 11qu1d tends to evaporate and become a Vapor as thk tempera-
ture goes up or the preSsm“b goes down, Just as water vapor escapes from a
pond or a pool of water, vapor, estapes fr‘bm other liquids. When an 1'gn1't\ab1e )

11qu&d burns, it 1‘s the vapor thag'provwes‘ _fhe fuel for the fire. '
* ’ L . o .

i I’. ;3. ::4 - hd {
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The lowest temperature at which a liquid releases-enough vapor

- 14

jo Sup-
- The flash point is used to ¢l
Liquids classlf1eq as f]ammab]e hake

port burning is called the flash point. assify
the relative,fire hazards of liquids.
These liquids wln re]ease enough
Lig-

These 1iquids

flash points below 100 degrees Fahrenheit.
vapor to form burnable mixtures with air at temperatures below 100°F.
uids classified as combustible have flashpoints above 100° F.
‘must be hééted’to temperatures greater than 100°F before they will release
€nough vapor to form burnable mixtures. Co . '

At normal room temperatures, flammable 1iquids arg a much greater f1re

hazard than combustible liquids. Therefore, cunbust1b1e\11qu1ds - whereveﬁ

»

i ' they will do the job — should be used instead of flammable 1iquids.
) Some examples of flammable 11qu1ds and cembust1b1e 11qu1ds that are used-
in 11dustry are_listed in Table 1. i . ”
. % ~
TABLE- 1. FLAMMKBLE LIQUIDS AND COMBUSTIBLE LIQUIDS
. COMMONLY USED IN INDQSTRY
' ‘ Flammabte Liquids - Combusgib}e Liquids
¢ Carbon Disulfide ' Fuel 0ils - T
Ether Kerosene .
\' : Ahcetﬂ\pe Ethylene Glycol 0
;- Benzene (Benzol) Butyl Cel1oso1ve
R Gasoline Cresote’oil o8
p ¢ Pezggli;TeE;hzzptha or Benz1ne) Formaldehyde (37% SoTution}
T ,Laquer Thinnex Mineral 0i] . -
o * Alcahol (Undiluted) Mineral Spirits. L
MEK (Methy Ethyl Ketone) Phenol { R
.Toluene Hydraulic Fluid
v VM + P Naptha *  Transformer 011 -
furpgnt%ne, N \' e Quenching 011
Xylene RN A Linseed 011
4 Isopro?yl Aicohoi ' ) N ’
SN ‘ N ‘
» ‘ . .
1 ’ o S ’ S
= ' Tl \
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AUTO- IGNITION TEMPERATURE , EE ‘ .

]

" Auto-ignition temperature is the Towest temperatures at which a flamma-
ble gas br.vapor-oil mixture dﬁ]].Jgn1te from its own heat source or-from
contact with a heated surface without the, necessity of a spark or flame.

-

Vapors and gases will ignite spontanegusiy at a lower temperature in pure oxy-
gea than in a%r The majority of vapors and gases will not self ignite in air
until they reach temperatures of about 550°F to 900°F. Therefore, the »
greatest danger of fire in using and hand11ng combustible and ffammab]e 1ig-
uids comes not from auto-ignition but from ‘common ignition sources such as

£l

sparks, flames, and static electricity. \

AES

4
L}

eesesssssssss——  ACTIVITY 1> S —
1. Define: 3
a. Flash point - ‘ »

b. ‘F]quable liquid-

— \

c.  Combustible 11qd1d ' .

2. Cohplete the statements belaw by Ehoosing the best
word to fit the blank. -
a. At'normal room temperatures,
hd <

liquids are the greatest fire hazard.
. (combustible, flammable) .
b. The greatest danger in handling flammable and

' combustible liquids comes frgm
\ fd . . .
-~ . (auto ignition, common ignition

! sources) , (

- B e,
! . [R5
-~

. . fN
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- QBJECTIVE '2:  Explain briefly what is mear‘n; by flammable

N ~

range or eXplosive range. *

When a ﬁ'quﬂi is warmer than ité flash point, enough vapor is escaping
to Qf‘eate a mixture’ that MH burn. The mixture of vapor and ajr in concen-
trations that will burn and spread f]ame are said to be in the FLAMMABLE

RANGE XPLOSIVE RANGE. .
© Wh vapor reaches the minimum' concentration in 4ir at which the mix-

‘ture of vapor and air will burn, the Yower flammable 1limit, or LFL, has been

reached. Be]ow the 1owe‘r flammable 11m1t the vapor and air mixture ig "too
v
lean o0 burn. ' N

v

There is a point at which the concenfratjon of vapor in air becomes too

limit, or UFL. Above th
burn (as occurs when-an automobile engine 4is flooded).

great for the.mixture to bgrn. That po'ﬁntuis_known as the upper flamrable
@ f]amﬂab]e\l.timit, the mixture is too rich to

Figure 2 represents the flammable range‘. of gasoline, assuming .that tem-
‘perature and pressure remain constant. Flammable range is the difference be-

tween lower and upper flammable 1imits. Thé difference is expressed as the
. - .

-~
-

TOO RICH TO BURN

'
{TOO MUCH VAPOR CONCENTRATION)

/ . o -

ILL BURN WITH A SOURCE OF IGNITION FLAMMABLE

////////////////m

TOO LEAN TO BURN ;
(N_OT ENOUQH VAPORS)

ox L7
»

Figure 2. Flammable range of gasoline.

. -
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percentage of vapor in air by volume. Each 11qu1d has . 1ts own charactefﬁs-
tic f]ammabTe or explosive range. For gasoline, the range is 1.4 to 7.6 per-

cent. st .

. The flammable range of .a liquid is,affected vehy 1ittie by normal varia-
tions in.atmospheric ﬁressure, temperature, or humidity; but at very high
temperatures, the UFL is raised and the LF| is dowered, thereby 1ncreas1ng
the flammable range. If a 14quid is used in or.around processes*bnvolv1ng
high-temperatures, the limits given for rEom temperaturés are no longer -«

applicable. Heating a liquid increases the hazard)tremendously.
j Another important thiné to know about flammablevand combustible'liquids

is that vapors of these 11qu1ds are heavier than air’ F]amnab]e and combus-

-t

tible 1iquid vapors tend to settle on the floor ar flow downh111 unless car-
ried up by rising air current§ A trail of vapors can travel far from the
source of lgn1t1on and settle and collect in 1ower areas. If this vapor
tra11‘contacts a source of ignition, the resu1t1ﬁg fire can flashback to the
source ¢f the vapors and cause a large fire pr an exp]os1on '

~

— ACTIWITY 2 eSS

-

1. Choose the’best apswer: y
Flammable rahge refers to —

a. The d1ffer ce between lower and upper flamma-
ble limit

b. The range of m1xtures of vapor and air in con-
centrat1ons that will burn\

c. The rarge. of mixtures of vapor and air that are -
too rich to burn. '}
~d. __aand b,

/,,,Je. b and c.
2. Mark the 'statements true or false.

a. Flammable range is the same-for all
11qu1ds that will bukn.

b. Flammable range and expf%s1ve range
mean the same thing,

c. Vapors can flow for long distances,
leaving a trail back to their sourca.

SH-30/Page 7
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OBJECTIVE 3: Identify the OSHA classifications for .

-

’ flammable and combustible liquids.

N - - " g
z * . -~ *
. ‘ . < ps .
3 .
.

L1qu1ds are legally classified according to how much of a fire hazard

they present different safety measures are necessary for using and stor1ng - .
. each elass, of ignitable liquid. . ’

i . t
v N - ; . s [

CLASS I . - ) , _ Y

Class I inc]uées all liguids defined’ as flammable ( tpbse that a’flash
point b&low 100 degregs-Fahnenheﬂt) - Sorfe gomnon Class I 1i'quids are: ace~
tone, gasoline, ethyl alcohol, benzene, and Wacquer thinner. There are three '~ !
‘Toups of.C1a§s I 11qu1ds and a]] oﬁ,than are h1gh1y volatile and easy to
ignite. . T .

Class IA 11qu1ds are the most hazardous because they give off 1gn1tab1e
‘vapors even when the tiquids are exposed to air jtemperatures below 73 degtees o
Fahrenheit (averaﬁe room teﬁberature). These 1iquids also have low boiling
. points —ubelow‘loé‘degrees Fahrenheit.< Liquids wi}ﬁ low boiling points are :
highly volatile; that is, they form vapors readily. The lower the boiling ‘
point of an ignitable liquid, the greater the Hazar?. Class IB liquids have
low flash points (below 73 degrees Fahfenheit), but their boiling points are ° .
at or above 100 &egreés Fahrenheit. Class IC.liquids have somewhat higher
f]asp points, at or abeve 73 degrées Fahrenheit with boiling points below .

[ 4

100 degrees Fahrenheit. ) -
Class II 1iquids, such,as kerosene, and Class IIT 1iquids such as Heavy v
fJZT 0i1 and ethylene g]ycol (the main ingredient in some antifreeze .com-
pounds), are defined as combustible. These igritable 1iquids have flash |
points at or above 100 degrees threnheit; therefore, they dqQ not ignite as | . Y
. "readily as f]ammab]e\liégigs.' However, any liquid that gives off ignitable |
vapors at any temperature must be respected — the possibde consequences of 1
« care]essness are too grave to ignore. - ' - /
| 0f courégv a combust1b1e llquwd witl produce 1gn1tab1e vapor much more
readily when it is heated toa tempera;yre at or above its flash point. If
a Class II or III liquid 1s suff:c1ent1y heated, it will become as hazardous '

| ~as any_Class I liquid and requires the same precautions as a flammable liquid. .

i Page 8/SH-30
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For example, when‘red hot'sgeed/isvdiﬁped 1nto high- flash point quench oil,
- the 01" isa heated to several’ hundred ‘degrees Fahrenhe1tm The resu1t1ng vapor

-

becomes as readily 1gn4tab1e as. gaso]1ne vapor . . . -
M1x1ng f]ammable and combust1b$g Tﬁqu1ds 1s espec1a11y dangerous because ' —

[

the 1ower flash po1nt 11qu1d can act a§ é que tQ 1gn1te the higher f1ash

4

po1nt liquid. For examp]e, if even a smaﬂ] amount of . gaso]1ne 1s put 1nto

a tank of kerosene, the gasoline vapor can\1gnn;e, and ra1$e the temperature

& t - ". P
e hard to find out\the hazard class of the.par-

of the kerosene to its ignition po1nt

- -

Unfortunately,- it may

]

ticular 11qu1d you are using 0( handling. l Warnlng 1abels on ctainers of
19n1tab1e liquids may or may not specify the hazardyclass to which the 11qu1d
belongs. Properly marked exter1or containers shipped.in }nterstate xommerce
carry a red warning label whem the contents haye a flash point lower thﬁn 100
degrees Fahrenheit. But an 1nd1v1dua1 container 1hs1de éxter1or pacl’r\g
may not have a spec1f1c c]ass1f1cat10n\1abe1 It may have on]y a, genera]
warning that the contents are ignitable, and ‘shauld not be used near an 1gn1-
tion source. . TR Vo o A :
Never be tempted to use the odor of a 11qu1d as a clue to its f]amna-

b111ty or combust1b111ty

determ1ne how much “of a fire ‘hazard the liquid might present undep part1cu1ar

On}y ‘a proper]y conducted flash point test can
fond1t1ons If you do not know what precaut1ons to take, ask your superv1sor
or make . call to the safety office &nd have‘the 1ﬁ$onnat1on réad to you from
a Material Safety Qata Sheet.
Materia1,$afety'Data Sheets.

hazardous 11qu1d used at your worksite.
these sheets will@rovide 3uff1c1ent information ..

Your employer shou]d allow you to rev1ew »
These should be ma1nta1ned for every potent1a}1y
If spec1f1c f1re hazard 1nformat1on
is not on a conta1ner label,

AR
to-enable you to use the” 11qu1d safe]y =N f\.
. oo ) C - LT - L
— ACTIYITY 3: . —— C

.
’ LY
. . (Choose the bestvanswer from each pa1r )

1. Liquids w1th Tow bo111ng po1nis are: ‘ . N
- . "a. Highly vo]at11e <, . . 2
b, Slow to Fofm vapors.~' ' , y
» b .
! L] . . M ‘/;
1 - -
] o .
Co e SH-30/Page 9

Y 1 'S v e .

. k. '
‘ . ! . -~




Class I ifquias have a flash peint-
a. Above 160 degrees Fahrenheit.
b. Be]bw 180 degrees threnhe1t
3. C]éss II liguids and Class III 11qu1ds

Can.never become as hazaﬁdous as a Class I
1Tquid.

If heated, can’ begome as hazardous as C]ass I
]1qu1Qs

The 11qu1ds most completk “information about pre-
" cautions to: take with specific -liquids can be ob-
‘—

tained by: , .
a. Reviewing the label on the shipping container.

"b.. Rev1ew1ng the -Material Safety Data Sheet. for
+the liquid in question. ’

] .
- / . o~
3 s

——

OBJECTIVE 4:  4dentify 12 common ignition sources and

- precautions that may be taken regarding them.
SRR S R

® - . ’
LY

A,Tiquid above.its f]ash'ﬁoint.releases enough vapor to form a burnable

mixture with air. If this mixture of. fuel (Vapof) in air (oxygen) come in
- contact w1th a spark (or other lgn1t1on source’ an explosion and-fire ‘can

resulte' o N .

CL I the ‘workplace, therg are many possible ignition sources (Figure 3).

"Hot surfaces’such as hot plates, electrical coils, and overheated bearings

are one type of -ignition sodrce. Open flames such as pilot lights, bunsen

‘burners, and’ smoking matefials are another. Hot particles and embers from

grinders and welding activities can travel through tiny cracks and ﬂh%esato

4

11ght comiust1b1e materials. Static electricity is the source of many fires

and may: bé produced by rotat1ng belts® and mach1ne parts, transferrdhg of
Tiquids, and electrical tdo]s

Pilot lights and smok1ng materials must be str1ct1y proh1bited near op-
erations where f]ammable and combustible liquids are used However, some-
times a p1ece of equ1pment which ‘Has hot surfaces or produces radiant heat is

necessary.to the operation. In. these situations, such qu1pment 1nc1ud1ng

N

~

13 g

)
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SPARKS FROM
ELECTRICAL TOOLS
‘ STATIG ELECTRICITY FROM T
¢ . ‘ia TRANSFERRING LIQUIDS
STATIC ELECTRICITY FROM +
. ROTATING BELTS ~
/
o _Figure 3. Common sources of ignition,
“ (4 .
- : ’ ‘ -
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- > . / . | . *
] ' . - . 4
-8 ovens, furnaces, or high-pressure steam 1ines must be designed or located to
prevent contact with any ignitable 1}quids or ignitable vapor concentration51
Roem heating,systems represent gnother possible source of Wghition As
Tong as ;hewsﬂrface temperature of steam or hgt water systems remain below
.vapor 1gn1t1on temperatures, thEy are cons1dered .safe. Gas fired forced-air
heaters are acceptab]e orly if the heating unit 1s‘10cated outs1defthe haz-
) ardous vapor area. , : -
«** . Before weld1ng or tbrch cutt1ng workers should move out of the area "__;,,/’.
' . where 1gn1tab1e 1iquids arehandled or used. If this is not feas1b1e,-ven-

R .
A
.
~—~ -

t11at1on should be adegquate to prevent 1gn1tab1e vapor from reaching concen-
. trations at or above the lower f]wnmable limits. Also, welding should always
_be done Sway fFBE organic solvent degreasing operations not only to prevent a
- possible fire hazard, but also to-prevent the formatior of toxic substances
such as phosgene. ' '
Electricity is”another ignition source which can Create spec1aJ problems

v
or receptacles $hould be located.outside fire-hazard areas.

-wherever 19n1t§$1e liquids are used. Ideally, of course, e]ectr1ca1 devices

As”a precaution against electrical hazard, for example, lights should be’ ‘
installed on the outside wall of vapor-tight enclosures or rooms, providing f
|~ . ~-illumination by shining through windows in the wall. Motors should be placed
outside an enclosure for areas where ignitabfe vapors might be released, with

drive shafts extending through the wall; openings for the shafts shouh% be

. tightly sealed to prevent leakage of ignitable yapors. Switches and heaters
should be 1nsta11edC;2}y in fire-hazard-free areas. i .
. « Static charge cfeates a danger of fire and explosion where flammable

ligquids are being'transferred from one container to another. Bonding and
grounding, the précautions used to prevent the hazard of static discharge -
sparks, are explained in the next'objective.

‘ | ee———— ACTIVITY 4 o

-

;;Tt eight common ignition sources /

' . Y

o S 15 v - @
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. . OBJECTIVE 6: Exp1a1h ima sentence or. two the need for

| -~
V fa -
4. ~ o -
5 . » . KLL -3
" ‘ r
6. / '
- » - 3
. 7. ¢ y R . \,K_
- v 8. . -

. ‘/ n . - /
” 9 o

bonding and ground1ng where f&ammable liguids. are podzeg4/-
and the differente between the two,tenns .

re L] _-.!, .
° By

&

Nhenever C]ass I liquids — that is, flammable ]1qu1ds with a flash point

of less than 100 degrees Fakrenheit —.are poured into conta1ners, .bonding and

r

ground1ng arpenecessary. \ : .
The two terms, bond1ng and ground1hg, are sometimes used interchangeably.
However, they are not the same. Bond1ng eliminates the electrical potent1a1
d1fferencg“or ab111ty to produce a spark’ betweeh two conguct1ve objects, such
as twg, drum containers. These objects may or may not be grounded. Grounding
eliminates the d1fference of a Sparkibeing generated between the earth
(ground) and a-conductivé object. Orfce two objects, are bonded together,'a
spafk will not develop between the two obJects, however, static elegtricity ;
could deue]op enough energy to producenh spark between the bonded cpnta1ners

and the ground Therefore, both bpnd1ng and ground1ng are necessary when

‘ transferr1ng flammab]e 11qu1 if the greatest measure of safety is to be met.

Bond1ng and. ground connections are shown sin Figure 4. Whenever connecting
bond1ng or ground1ng straps, a]ways ensure that rust or corrosion have not .
. interfered with a good connection. Another important consideration is to
connect the. bonding or grounding cabfe f1rst to the container and then to the
ground rod or bonding pipe. If done}1n this manner aad a spark is generated

. QF will be: generated at the farthest.goss1b1e distance from the flammable ma-
e

rial. More obvious but many times overlooked saﬁgguards ane to prohibit
smoking in twé area, to proffibit use of cannun1cat1on radios such as those
used .for. citizen's band tran5m1ss1on and to ensure that vehicle eng1nes~are

NOt running when ¢ransferring of flammable mater]al is taking place. The use
. * < 4 "

3 A s ’ v : Y
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: * WIRB T
APAINT OR SOLVENT DRUM O GROUND ROD TRANSFER PUMP
HOSE MAY BE:EITHER
CONDUCTING OR
KON-CONDUCTING'
ﬁl 11
| SAFETY CAN
A 7. )
SAFETY CAN . = PAINT ola«sowe‘m DRUM Vo
] . X
. N - , \
r v
. SRR CAUTION ‘
! .
. NO SMOKING ¢
- '
‘ \ N . N\ ‘v\ )
g /X kD -
* -~ {

. »

‘ Figure 4. Examples of *bonded and grounded containers.
, 2

of powered i‘dustria] trucks in areas where certain flammable and combustible

mater1a1 cou]d be exposed to a spark is forb1dden .

: Staf1c e1ectr1¢1ty is gener by the contact and separat1on of dissim-
ilar material. When an 1nd1viéaife:alks across a carpet, touches a gdor han-
dle and receives a-shock stat1c electricity has beeh generated. The ;entact
and separatiomr of the shoes on the carpex builds up a static charge on- the
individual, and upon tbuching the meta] dﬁor handle, the individual equa11zes
electr1ca] potential yvia the spark Now cons1der other conditions where a
static charge can deve]op.,,Some ideas are belts, ¥Yires, 1iquip flow, and
splashing 1iquid. A1l of these activities také'place in industry. Belts
drive shafts; liquid splashes into tanks; tires transfer equipment and mate-
r1a1s, and liquid products flow in pipes. If charges build up and a spark
occurs around an ared where flammab]e vapors have accumulated, an epros1on

and fire could be the resu]t ‘

S K

[
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ACTIV(TY &:

Exp(in the purpose of bonding:

Explain the purpose of grounding:

Where are groWnd'bondiqb of liquid contain-
ers neces!ry? .
N .

\‘ — - . . . -
- OBJECTIVE 8: Discuss the tyffs of approved séty"con-
Gaihers. - ' .

yi

. <N .
\ Flaﬁmab]e and combustiblesliquids are placed in a variety of containers.
These vary from plastic milk cartons to approved Safety cans, drums, tanks,

. and_tank trucks. The, plastic milk ¢értons or glass bottles often used by in-
‘dividuals to f@ansport gasol1ne in automobiles for use in lawnmgwers is ex-
treme]y dangerous and in most states 111ega] Placing gasoline in ‘metal cans
is an improvegent over this practice, but an approved safety can is the best
choice for storage of small amounts of f{ammable and combustible 11qu1ds (Fig- -
ure 5). . " ’ .

v
-
.
. ’ .

. CARRYING HANDLE
SPRING LOADED CAP ————> 4

DISPENSING LEVER

¢

Fighrq 5. A typical safety ca%. /
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The safety can is designed to relieve internal'pressure caused by tem- . ‘
‘perature increases such as would occur in a fire. If gasoline 1s'p1ated n
a safety can early in the morning and {s stored in the sun on a hot Summer
day, the pressure jnside the ean will increase. The 11qp1d gasoline will
1ncrease in volume about 1% for each, 14°F rise 1n temperature and vapors_ will SN

. be released (the increase in volume will Cause a completely filled automobile R

gas tank to loose.some on-a hot summer day) The cap will then Yelease th?s \
pressure by venting the vapors to the atmospQgre Th1s altion will a]lev1ate
the problem of the can rupturing and sp1111ng gasol1n§ but if the vapors are ' .
vented into a non- vent11ated entlosure such as ithe trunk of a car, dangerous
concentratrons of vapor cou]d occur. This cap i¢ designed so that liquid will .
not spill unless the dispensing lever is depressed or enough pressure is
generated to force the cap open. A fTash arrester for the spout of the s#fety
can is des1gned to prevent a f]ashback from 1gn1t1ng can tontents

OSHA descr1bes a safety can as arf approved container, of not more than
five ga]]ons capac1ty, having a spring-closing 1lid and spout~cover and SO.
"designed that it will safely re11eve internal pressure when subJected to fire

" exposure. ‘ : . . ) : ‘
. 1

Barrels and:drums of .varying size (usually. less then 60 gallons) are
used to store and transport flammab]e and combustible liguids. To be accept-
able for bulk liquids these containers must meet Department of Transportat1on ) o
(DOT) requthements. Apparently empty drums or tanks can be é‘pec1a11y danger-
ous . Empty and near empty drums shou]d be closed t1ght1y and stored in a
cool Tlocation. A
Vehicles such as tank trucks, trailers,, and semrtra11ers are used for
transportat:on of f]ammab]e and conbust1b1e~11qu1ds They are used to trans-

port 11qu1ds to 1ndustr1es as*we11 as petroleyn products for consumer use.

-~
These trucks are regulated by either the Deparfment of Transportat1on (DOT) :
or the Hazardous Mater1als Act of 1974. . ¥ R
Covered meta] waste cans should be prov1ded for o11y or 1gn1tabﬂe liquid .
soqked rags, and these should be.emptied at 1east‘da11y '4
QL\ . \
’ \e [ X7 .
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 ————t— ACTIVITY 6 ens———
_ . P ¢ , - . A .
) - 1.7 _What could'be the result of a can of gasoline Vent-

. ing vagors into“the closed truck of a car? _°

-
- 40
.

2. Néme two types of containers shat shou]d not be useds

¢ to* transport gasoline.

8.. {
v b ) \
- / * ) . -
- * '
OBJECTIVE.7:  Describe the' requirements asgociated with
indoor” storage of flammable and combustible liquids. I 1
— 3 - - £

In 3 1arge; open room, a small quantity of flammable ltquid-mi;.not pro-
duce ignitable or unhealthful levels of vapor except in the immediate vicinity
of where the vapor is released. But regard1ess of the size of the room, an
excess quant1ty of liquid could increase the 11ke11hood of a fire or explo-
s1on,.exposed to the air, large quant1t1es may become a hea]th hazard No
more ignitable 1iquid than you cap use in one day or one shift sﬁould be
stored near an industrial operation. « - . - d

For bulk stérage, containers must be p]aoeo'in a jeparate, contro]]ed

area. This separat1on from-source of. ignition or fuel 1s Jimportant because -

‘even the best accident prevent1on systems can fail. If’fhey do, a carefulfy
designed storage area can mean ‘the difference between a smally, isolated f1¥e
and a major.disaster. Isolating a fire and prevent1ng its’ spread is the first
fére-extinguishing goal, agd proper s;orage facilities provide the primary
means for con}a1n1ng a fire. But what makes a storage facility adequate?

The type of storage facility necessary to prevent a fire from spread1ng
to other work areas depends op the quanttty of igmitable liquids your anp]oy-
N gr must keep in storage; the extent of probab]e‘p;rsona1 1n3%ry and property
damage should fire protection systems fail, and whether exp]os1ons would be
11ke1y to occur if a fire did break out in the storage area.

«There are two tategor1es of storage facilities. One is 1ns1de storage
located near a work area. It features specially des1gned rooms or cabinets.

‘ .
“ r : .
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The othér category is. ‘the outs1d'e storage for large quantities’ of 1*gnat'ab“1e ' .
liguids. !h1s requires separate bu11d1ngs or specially énclosed qpen “areas.

7To make\\t easier to understand when one storage drea is preferab]e to anoth-

‘ %/er, the facilities w111 be d1sFussed in size order — from the smallest Eo the

*
[

targest. . : . Toos
' ~ . * . .

INSIDE STORAGE CABINETS ’ ‘ . . -, ;v '
Inside storage cabinets are_used to hold up to 60 gallons of 1gmtab1e

11qu1ds with a flash point below 140 degrees Fahrenhejt or as maﬁy~as 120

gallons of liquids with a f]ash point at or above 140 degrees Fahr nheit.

" When ‘the f]ash point is not marked on a contain-

g

er, you should get it from the Material Safety N

p Rawau Data, Sheet gr;gparedfby the manufacturer of that

Er re
AWAY

liquid. Such information sheets should be. kept

on hand at your workp]a(.'e sq that they can be LA

), ) 1. easily used. .. .
- A N~ " A metal storage cabinet (see Figure 6) must
. ’ fﬂ‘ be construcued entirely out of at least number - ' .
\, . ' 18 gage sheet iron. It must be double- waHed R
) L #) with a-one-and-one-half- 1nch air space separatmg

L]

‘ _ o the wa]]s. _A11 joints m\xst _be_rweted or welded
‘ﬁgz;sir?e't igi‘g?aﬁ'ﬁgfagﬁ’ tight. Doors should lofc'k.at,the bottom, top, and
) ble liquids. middle. The doorsill must-extend et least two
‘ #iches above the bottomlof the cabinet, to con-
“tain spills. AH storage cabinets must be consmcousTy marked or labeled,
"ELAMMABLE — KEEP FIRE AWAY." . . ~

STORAGE ROOMS ?

i

How much 1gmtab1e 11qu1d can be kept in a storage room is determined by
the room's f1re Tesistance rating:, that ‘y how well the materials used in
walls, ceilings, and supporting members re\lst heat transmission for sc1er|:1-
fically determmed periods. In additiom, load- supportmg wz]]s or columns
must be able to sustain their rated Yoad under fire cond1t1ons without break-
ing or buckling. As an example, a storage room havmg a one-hour fire resis-

Page 18/SH-30
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tance rat1ng must keep its shape, and resist heating or unflamed surfaces,

for a per1od of one hour.. The size of a storage room with a one-hour f1re

resistance rating musy hot be larger than 150 square, feet, ' ,
. If a sprinkler szstem has been installed, up to five gallons of ignit- .

able liquid per square oot can be stored in the room. Without a fire pro-" T n
tect1?p system, only two gallons per square foot can 'be stored. T *.

A storage room with a two-hour fire resistance rating must not have
floor space in excess of 500 sguare feet. Ten gallons of 1gn1tab1e Tiquid
per square foot can be stored in a room yith a two-hour fire resistance rat-

ing if the rogm is equ1pped with a fire protection system [f the robm has

.no spr1nk1er system, on]y four gallons per square foot can be stored.

Federal safety ru]es also requlate the stacking and placement of ignit-
able liquid containers. To prevent blocking of exits 1n .inside storage rooms,
a clean aisle at least three feet wide must be ma1nta1ned Stack1ng contain-
ers one on &he other is proh1b1ted if the conta1ners have a capacity of over
30 gallons of flammable.and combustible 11qu1d ¢

" A three-foot clearance is necessary between the top of stacKEd containers
or shelving and the nearest beam girder, or overhead fire protection system.
If a fire bregks out, the three foot” c]earance permits sprinklers to operate .

as des1gned and dmnage to support1ng memberd can be m1nfm1zed Stacked con-

"tainers must be separated by pallets or dunnage (1oose pack1§€ material). to

provide stability and prevent stress on,liquid container wally. If portable °

tanks are stored over one tier high, they must rest securely without dunnage.
Several construction cr1tér1a for an 1ns1de storage room have been

established to ensure that any fire w0u1d be contained. The f]oor of a stor-

age rUun must be 1iqu;d-tigﬁt to keeo spills from escaping. To accomplish

* this,

liquid-tight’ noncombustible sills or ramps must lead into the storage

. room, where the floor must be lower than#floors of adjacent rooms.

Also,

>

Class I liquids must never be stored in a basement,

and ehould not even be

stored in a building which has a basement; this is because ,vapors are heavier
_than air, and can settle and collect below ground level. A]] doorways and
dther inlet openings must have self-closing fire doors and dampers to auto-

matically seal off the storage room in cade of fire. ,
- & \ ¢
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© OUTSIDE STORAGE FACILITIES . o ()

v Outside storage facilities for fTammable and combust1b1e Tiquids 1nc1ude
$eparate warehouses or s8orage bu11d1ngs, and restr1cted areas for bulk stor-
age tanks. Carge quant1t1es of 1gn1tab1e liquids can be kept on hand 1d’ .
-j‘, separate storage fac111t1es which generally &ay be located as c]ose as ‘150 - .,
> feet from other bwildings. If the nearest wall of the storage facility bhas. .
no windows, doors, vents:‘or other opehings, and has a two-hour fire resis- | ‘.
. tance rating, the d1stance may be 50 feet or less.
Bulk storage tanks up to 1100 gallons can be located next to a building -
if the building has one story only and is maimly used for ignitable 11qu1d
age, or if the building's walls are masonry or concrete block with no
open1ng within 10 feet of the storage area. The area surround1ng above-
ground storage tanks must be diked or provided with good drainage to prevent
spills wh1ch could evehntually reach nearby workplaces. AcEess to bulk stor-
age areas whether dutside or inside must be restricted to on]y author1zed per-
sonnel to reduce the risk of any occurrence that could result in a° fire or ex-
‘plosion. ’

essesssssssses—"-  ACTIVITY 7: ————— ‘
> .

1., What kind of 'sign should be posted on tHe door
of a cabinet cgntaining flammable 1iquids?

- »
- A

B N -
= 2.  How much cfearance is requi?ed between the top ~
~of statfeaj%ontainers,or shelving and the nearest '
beam, girder, or overhead fire protection s¥stem?

N
3. . Why should Class [ liquids nevér be stored in a

J bui]digg that has a basement? N
-

OBJECTIVE 8: Discuss the requirements necessary for

service stations and refueling areas. N
. . s N = » 4 o
: Service “stations.are the site of daily han®ting of flammable materials
where certain handling of flammable materials where certain precautions should '
be routinely practiced. B ‘ ' ‘
. . \ .
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\ . Severad obvious considerations should be observed in refueling areas.
¢ Engines of vehicles should be turned off and brakes set. Trucks delivering
flammables must meet DOT standards. No Qpen flames or smoking should be - . ot

allowed and signs should be posted to this effect. Gasoline sti;rage t{nks

, should be buried undergrom\d.. Completely trained afid Qualified individuals
should be in charge of the operation. N - )
. 0SPA has several specific requirements as outlined-in 1910.106 {g) fof‘ .
service stations. One reduirement is that an emerggncy dower. cutoff by
‘clearly identified and easily accessible at a location remotes from the dis-
pensing Jevice. The delivery hose nozzle valves must be Fnanua]]y held open
during dispensing Q'perations unless it is an automatic closing type with or
without a hold open latch. The hold open latch is only allowed when an
attendant is dispesing the flammable liquid.

i, Approved pt}mps takiﬁg suction through the top of the container or

approved®self-closing faucets are required when taking flammable 1iquids from

~ drums and similar containérs. Protection of the containers is also required. .

N

‘ : Discuss the requirements necessary for service station =~
and refueling areas. d ’

. - - -

1.

2

3.
‘4,

5

OBJECTIVE 9: List at least six articles of protective.
. ' / equipment useful when working wjth,f]ammablés and com-
bustibles. ' . oy

. ‘ ) R
~ Protective .equipment is useful in protecting a person v!ho handles flamma-
ble and combustible 1iquids.® This' equipment is designed to protect the body

from the ha'nnﬁ] effects of these liquids and their vapors.
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Protective boots prevent penet;ation of the liquid th;ough the skin.

Jin addition to being water repellent, they should be des1gned to specifically
repel the 1iquid being worked with. Protective gloves shou]d also meet these
Lriteria. Since the hands and feet are many times the most likely body parts
to be exposed to an ignitable 11qu1d the select1on and use of gloves ahd
shoes should be done carefu11y. : . - .

Sometimes protect1ve barrfer creams are employed to prevent sk1n absorp-
tion of toxic or 1gn1tab1e liquids. Since these liquids may remove the nat-
< ural o0ils”of ‘the skin, a barr1er cream 1s used to protect the skin. It must
be applied completely over the area exposed and should be replaced as needed
and then properly removed 3y following the vendor's or supplier's instruc-
tions. v i
At times, a chemical-proof suit is used to offer~max1mum prdtéction when
working with flammables or combustible 1iquids. Care must be exercised in
se]ection and use of this eqhipment to ensure that it adeguately protect%
agginst the flammable 1iquid of concern. .o ’
i{ If the f]mnnable liquid vapor poses a significant 1nha1at1on risk to the
individual, a supplied air hose mask is used to offer protection against
breathing harmfu] vapors. When this system is used, a safety harness with a
! " 1ifeline may also be used to facilitate pulling an injured person from a con-
fined space or hazardous location without jeopardizing other people.
Safety gTasses or goggles should always be worn when pouring flammable
or combustible liquids. If you spray these liquids, or if there is a chance
of liquids splash1ng in your face, a full face shield should be used. - \
e —’ ACTWITY 9: | *

List at least six articles of protéctivé equipment which

-~

may be used when working with flammables and combustibles.
1.

2
3.
4.
5
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. OBJECTIVE 10: 'Describe,fixed and portable fire fighting ' '

equipment for use with flammables and'combustibfes.

4

.
-

SPRINKLER SYSTEMS . ' L

Fixed firefighting systems CQns1st of a var1ety of types, and water is
most -generally used in these systems. Automat1c sprinkler systems aré w1de1y
used as fixed fire extinguash1ng systems They are eff1c1ent effect1ve,
versatile, and dependable. Their re]at1ve cost is sma]] compared to the cost
of the facility they are meant to protect.  These systans have a good success
record with the few failyres being attr1buted to maintenance errors such as
>closed water supply valves.

Theﬂg'are five basac types of automatic sprinkler systems. They are
referred to as: wet, p1pe dry p1pe preact1on de]ugeg and limited water sup-
ply. Four of these systems‘will be d1scussed

The wet pipe system has been used most widely in industry. The-comp]ete
system has water under'pressure that is released when heat aet&vates the
sprinkler head. The only drawback in using a wet pipe system’ is that it is
subject to'fneezing. Where ‘the facility cannot be maintained at a tempera-
ture ‘above freezing, a water soluble antifreeze such as glycerine may be used

“for small areds.

The dry pipe systemeis used when freez1ng is a problem. The water supply
and va]ve are loacted in a heated area, and the p1p1ng system is filled with
compresseéd air. As the, heat from a fire act;yates the sprinkler head, the
compressed air is released allowing water to run through the v(\y1ously dry
pipe. Because of the, time it takes for the-water to reach, a sprinkler head,
the f1re may have spread, therefore acCtivating more sprinkler heads. This"
s]ower activation of the extinguishing agent (water) couﬁd result in more dam-
age than if a wet pipe systen_uas used. Furthermore, any water that is left’
in the dry pipe ceuld fredz# and cancel the-effect1veness of the system

Preaction. systems react faster than do dry pipe systems because a fire
detector is usSed ang is more sens1t1ve to heat than the sprinkler head fuse-
able link.' The sensor sends a signal to the water control valve which opens
the valve, thereby a11ow1ng the water to move into the piping system.  The
water is ready to be discharged the instanf a snrinklen head is activated.

.
» .

A | ~2-6
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Deluge systems are désigned to wet Hown an entijre arga.‘ Each gprinkler

head dzes not activate 3ndepend€nt1§ to heat. A sensor is placed in the
area of the sprinklers and when activated, thé majn valve opens, releasing*
water to oben'sprin(TErs throughout the system. This type f system is
particularly uséfu] where 1a29e guantities of f]ammab]es are stored because
a fire*could spread rapidly in such areas. i

:The automatic sprinkler system will not work if the sprinkler head is
clogged ongcbrrbdéd.i It i§'extreme1y important that ‘the sprinkler heads Jbe
kept clean and protectéd. They must not be blocked by material being stacked ]
near them. In areas where the sprinkler head -is.subject to overspray such
as from paiﬁ%‘spraying operations, the sprinkler. hea!’cantbe’protected by
placing a ima]f papér bag over the.sprinkler~an€_he1d in place with a rubber
band. Bhe water pressure will burst the paper bag whem—it is éqt?&a;ed.
Howevdr, the paper bag mst be replaced périodically depending upon the
accumulation of overspray. - ‘

Carbon dioxide (€0,) extjngdishing systems are desirable where the fire
can be extinguiéged bx,djsp]{cing the oxygen. This is useful where e1gctrica1
equipment may preseq} an*electrical shock hazahd if water is applied. Another
: advantageigs;thsE\a’F?rbon diox{dg system_does not‘éamage the facility or |
products 'as does water. There are two considerations that myst not be over-
Tooked when one is using a fij d ca?bdn dioxide extinguishing system. The
first is that a yarning device t be in&prporated wfth.?is use to alert :
people in areas in which the syster will be activated. Just as COz.displaces
the oxygen available to tpe‘fi}e, it aTso displaces the oxygén‘needeq for :
Tife. The second'congern is that after the fi

\
fire fighters and workers might enter a Tocation wh

has been extinguished,
e the carbon dioxide
issipated ehough to support Tife. Always vehtilate fthe area and

has been S ) _

. Dry chémica1 §ystgms"functioh similarly to ot enégﬁped systems b}ovidfng
for gquick extinguishmenf of a fire. They, t60,~are useful where elgttrical
equipmént is present or where flammable 1iquids are stored. Unlike water, ’

;ﬁe extjhguishing adent does not freezg or conduct electricity, and in é? .

.
ik T T
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. " addition, it-'i's non-toxic. 'The' dry chemical interrupts the chain reactions
to extinguish the fire. ' o .

The automatic halon sySten[funct1ons much as dry chem1cals, butwit does
not leave a res1due The halon is a colorless, odorless, nonconductive
gas. It a1§b ext1ngu1shes a fire b;.1nterrupt1nq.the chemical chain reaction
necessary for fire to continue. Because of its properties, halon has found-
wide acceptance in electronic data processing computer operatiqns and data
sggrage facilities. ' '

PORTABLE EXTINGUISHERS
-+ Portable fire extinguishers are hand-operated and e%ther carried
by the individual, or mounted on whegled carts. They are qfefu] in extinguish-

d cah be helpful in containing a fire before

inn a fire before it spgeads

other firefighting methods are aMalied. Fire extinguishers are classified
according to type and relative size
precedinq the letter designation for class 6% fire denotes the relative
size fire that can be controlled wit® that extinguisher. The 1arger4the

‘ # number, the greater the caaa_bility.. The numbér tyge and 1ocat!1§on of extin-

guishers in'anfarep are determined by thevoccupancy and type of ope7§t1ons

being.conducted. # A 4
Clasg A e‘ngmshers are used for rol of fire in ordinary combustibles

such as wood and paper products. The quenching or cooling effect of water
oo is adequate for th1s type of fire. . Yt
C‘ass B ext1ngu1shers are'des1gned for use on f1ammab1e Tiquid or gas
- fires, Th;x f@get1on by oxygen exclusion anéf#nterrupt1on of the fire's
thain jon. . ' |
Class C extinguisiers are designed for use arpﬁed electrical® equipment
where the danger of electrical shock is a concern, Class C extinguishing
agents are nonconductive. Usually Class C extinguishers are combined witb
capability to hand1etA and B fires since these types qf fires are found
in cbnjunction with the electrical shock hakards. .
’ Class D f1re extinguishers have been developed for special hazard pro- »
. tection 1nvo]v1ng combust1b1e metals. Examples of these metals include -

age they can handle. The number

aluminum, magnes1um, sodium, and titanium. Those individuals.involved

‘I' R " T . - . .
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in extinguishipg metal fires need to be aware of the correct, type ahd method
of firefighting.

oasssessssssmmse  ACTIVITY 10! sssssseysss—

Mark each statement True or -False. ‘ '

o 1. Many automatic sprinkler system failures are

attributed to maintenance errors. .
2. le—d deluge system, each sprinkler head reacts or
activates 1ndependent1y to heat.

N\ 3. Carbch dioxide extinguishing systems work by

67“\ displacing oxyaen.
\\L : © 4. Class C extinguishing agents are highly con-
ductive. ¢

4 .

. . . . .
»
H

_ P .
- OBJECTIVE 11:  Discuss- the hazards of flammable gases used

for industrial purposes.

-

-

*  Gases used for 1ndustr1a1 purposes are handled and stored-either as
liquidf or as-gages contained in high pressure cylinders. Gases thgt produce
f1 ble mixtures with air or oxygen are common in industry. Spme such
gases are acetylene, ammonia, pydrogen, and liquefied petroleum gas (LPG).

ACETYLENE. . ‘

A common impression created by the word acetylene is that of oxy-
acetylene welding and cutting; yet three quarters of the acetylene produced.
in this country is used for other purposes. It is used in thé production
of water-based paimts, drycleaning solvents, Orion, Lucite, and Plexiglas.
Acety1ene has the widest f]annwb]e range known. Under certain conditions
it tan form compounds with s11ver mercury, or copper that explode spontaneous-
ly. An unstable compound, acetylene may exp1ode even under low pressures.

The safe maximum pressure is 15 pounds per square inch»(psj) for small diameter q *

piping systems. Ac;ty1ene can be stored in cylinders at a pressure of 250
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pounds 'per 'square inch (psi) at 70°F: The cylinders contain a porous mate-
rial and atetone to absorb acetylene and create a stabilized gondition.’

“

- L 4
. s

'AmNif ] _". ” ¥ B 4 \
Ammonia is colorless, 11gh;gr than a1r‘.has a piercing odor, and is '

highly Srritating to the eyes, skan, and respiratory tract. The National

Institute for Occupational Safetyzand Health, (NIOSH) lists 81 occupations

with potentially hazatdous exoosures,to ammonia. They range frem acetylene

uworkers and farmers to tanners jnd wool scourers.: The substance i; widely \
_used as 3 fertilizer and refrigerant. _

Anhydrous ammonia is theqpure dry gas. Liquid anhydrous ammonia is

this gas compressed into a 1iquigh Ammonium hydroxide is gaseous ammonia o

d1§solved in water. Anhydrous annnnia'i' flammable; and though its flammable

.-range is very high,. ammonia fires and explosions are fairly common. The

chief Mazards of ammonia are freeze burns, severe eye 1nJury, and death

.from 1nhaJat1on of high concentrat1ons 1

»
*

HYDROGEN

5 -

Hydrogen, the 1ightest . of al] gases, is both colorless and odorless.
Its flammable range is almost as wide as that of-acetylene. A mixture of
10 to,65 percent in air w111xgxpTode if ignited. ’
Some chemical react1ons produce hydrogen as a byproduct. A lead-acid.
"battery will produce hydrogen when Being charged. Many electroplating process-
es also produce hydrogen . Soe chemicals used to remove scale from the
water. side of ppilers manufacture hydrogen. Whatever the operation, it
is important€o know whether H?drogen will be produced and measures mus%
be tahen to prevent.uisﬁggcumufation-and jgnition, 'This is accomplished
. by proper ventilation and elimination of po3sible sources of ignition.
,Storing hydrogen is difficubt. “This gas tries to escape through even
the spallest opening in a pipe or container Pipe threads and‘stems must
‘be‘tight, because a h1gh pressure hydrogen leak can ignite spontaneously,
the ‘eause being the friction of its own escape. All fl;mmable gas leaks are
dangerous and particularly so, when, as in the case of hydrogen ’they can be

-

neither seen rior smelled.

A ]
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OXYGEN v

.Although oxygen supports,combﬁstion, it does not burn. Oxygen is con;
sidered a‘hazardous elememt because flammable materials burn much faster
in exygen, and oxygen can quickly cembine with other elements and compounds
to produce spontaneous ignitioﬁ. When oxygen comes into contact with oil,
grease, or fuel 0ils, the,resu1£ can-be a sudden and violent fire. Emp1oye§
involved in the hand1ing of this gas must take every precautioq to prevent
the combination. Liquid oxygen can be equally dangerous if not handled
properly. A burning cigarette dropped into liquid oxygen will produce a
flame two feet high, and,even_shreddea metal will burn’ if exposed to it.
Open flames and smoking must never be, allowed near oxygen sforage areas.

«

.

LIQUEFIED PETROLEUM GAS

Liquefied petroleum gas (LPGY {s a compressed er Tiquefied bés usually
comprised of propane, some butane, and lesser quantities of other 1ight
hydrocarbons and impurities. LPG 1$ used pr1mar11xﬁas a fuel: as a fuel
gas in jndustry for 1ift trucks, as a tractor fue1 fn agriculture, and as - -
a cook1ng fuel in recreational vehicles, to name a few uses. LPG is also )
used in chemical processing.  a )

LPG<is stored under pressure in liquefied form, but converts into a
gaseous state upon relief of -the gressure.. The vapor of LPG s highly flam-
mable. Since LPG is heavier than air, and will gccumulate in Tow-lying

areas, adequate ventilation is important wherever it.,is used. .

A
2

COMPRESSED GAS CYLINDERS

Compressed gas cylinders must be examined as soon as they are réceived.
If there are any signs bf damage or leakage, they must be moved to a safe,
isolated area and returned to the supplier as soon as possibTe. The greatest
care must be exercised 1n the handling of ty11nders They must. never be ,
dropped or banged against each other. Noth1ng should be allowed to fa11
on them. They must be stored upright in a safe, well ventilated area, away
‘from any source of heat and away from electrical wiring.’ They must be secured
_in the upright 0051t1on by chain, cable or. other suitable means to keep
them from tumb11ng Most:cylinders are prov1ded with a steel protective
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A
cap that screws-on.over the valve. Except when cy]indefs are in use, these'
_caps should remain screwed down to the last thread. ’
' When cylinder's are moved, spec1a1 hand trucks should be used. When h
in trans1t the cylinders should be Tashed to the cradles of the trucks

in as near an upr1ght position as poss1b1e

Storage .areas must he fire- reérstant clean, free of combustible materials, '

and.weli lighted. Cylinders of- -oxygem must riever be stored near cylinders

- containing flammable. gases. Empty cylinders must be marked MT and kept

raway from full ones:s Full cy11nders -must be pos1t1v ly identified as to
the gases they contain. ° : . / v
Improper handling of compressed gas cylihders ‘can produce a hazard
called "rocketing." If an acc1denta1 rupture occurs, or if a valve assembly
/15 snapped off, a cy11nder can b]ast its way through a corcrete wall,
0ccupat1ona1 Safety and Hea1th Administration (OSHA) standards requ1re
the embloyer to ensufe thaf*unloading operations are performed by reliable
persons'prpperly ihstructed. Employees should kﬁew the chemical. and physical
hazards'with which they work, and-must be thoroughly familiar with the types
of pérsonal’protective equipment provided for theif safety. They also should
befinstructed in first aid procedures. . '

-

— ACT;V'ﬁ 11 e———
A. Name 'two"ways in which gases used for 1ndustr1a1
D . purposes\hay be handled and stored.

Tea. L -
b. -
2. Pipe threads and stems should be tight where hydfogen
gas is under pressure because -
L
3. Acetylene has the flammable range T

- v
. —//// known. * .

4, When oxygen comes?into contact,with oil or grease,

“~» ‘ can result.

4 . .
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. S OBJECTIVE 12: Describe the hazards associated w1th . ‘ .
p1ast1cs, text11es, and some combust1bie wastes. (/’- -’
Materials known as ordinary combust1b1es, such as WOOd, ce11u1ose,7paper, ) Ny
c1oth, and rubber can proyide fuel for fires. Mherever these materials . -

aré in use or storage, an adeguate program of waste dispésal shoulq be in
. “operation, and regular inspection should be made of the waste storagefareas.
In-plant housekeeping procedures should be f1rm}|‘estab11shed to prevent
any accumulation of waste\and to ensure safg] clean work areas, External ‘ o
] housekeeping should prevenjkaccfmu1at1on of waste, brush, or high grass ) '
’ (,- _around the outside of buildings A e
. - ., Burning plastics,-such as nitrocellulose, polystyrene, cellujose, rayonﬁ .
\ and po1yvin§1 chloride are especially dangerous because they produce 1aﬁge
amounts of smoke and because their'fumes are extremely toxic (poisonous).!
- Some text11es, 1nc?ud1ng rayon, cellulose fibers, and cotton textiles /
are h1gh1y flammable. Combust1b1e wastes such as oilly rags and paint rag§?’
. " should be disposed of in closed @pproved metal containers. Combus¥ible
cleaning materials should be stored in approved metal containers

b B .
\
] . i
,

- asssssssssss——n " ACTIVITY 12;  SE—

.

' ' Name four types of combustible materials’ that are par-
. ¢

~ ticularly Hazardous.
1. . Vi . '

2. 1
/ Y - \
4. ’

—

OBJECTIVE 13: Describe two ways that dust explosions
? \
ca7 be prevented.

——

Wherever material that will burn readily is present in powder.form,
“‘a dust explosion hazard ex1;%s~\ Dust explosions are similar in several
" ways to gas or vapor explosions. To explode, a combustible dust’ must be
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mixed w}th air or‘oxygen and must be in flammable coricentration when contacted
by an ignition source. ’

Dust explosions tend to be even more destruct1ve than gas exp]os1¢ns
.The hazard potential 1s greater also because dusts are more 1ikely to bu11d

up as a wesu]t‘of 1ndustr1a1 activity.
. seemingly little dust has accumulated.
dusts should be considered as & possib]l

An exp]os1on hazard can exist when.
Any process that produces combustible
e source of fire, explosion, or both.

2 'below.

TABLE P.

Some of -the more common potentially explosive dusts are listed in Table

’

.

SOME OF 'THE MORE COMMON POTENTIALLY EXPLOSIVE DUSTS

Type

v Example

‘ICarbon - {
Fertilizers
Food products and byproducts

Metal powdérs
Resins, waxes, and soaps

#o0al, peat, charcoal, coke, lampblack
Bone meal, fish meal, blood flour

Starches, sugars; flour, cocoa,- powdered
milk, grain dust

Aluminum, magnesium, zinc, iron

Shellac, ®sin, gum sod1Um
powder, waxes

sindte, soap

Spiges, drugs, apd insecticides

Cinnamon, pepper., gentian,

pyrethrum, tea

fluff ‘ -

wood flour, wood dust, cellulose, cork, bark
, dust, wood extract

Wood, paper, Eanning ma;erials

Miscellaneous |,

Hard rubber, su1fur, tobaccp, many p1astlcs

1

Dust exp;osions can be prevented in one of two ways: .
‘Explosive mixtures of dust and air can be prevented from
forming (control of dust)

*Ignition of the mixtures-can be preventeq frqm occurring
(control of ignition sources) ;

Control of dust may be accomplished in at least three ways. - Wherever

processes that-generate dusts are-localized, local exhaust systems can be

used to minimize the hazard. Where poss1b1e, dust producing operat1ons
shou]dtbe enclosed or segregated from the genera] work area. Good housekeeping

provides another method of dust control; vacuuming (with pxp]osion proof
P \ . . /‘_>
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vacuum cleaning equipmer;t-) and brushing away dust from floors and other ‘
surfaces can shpp1enent thes other two methods (enclosure and local exhaust).
Control of ignition sources is the other avenue of preveﬁﬁion‘of dust
exp]osiéﬂs.- Ignitidn sources Lst be kept apart from afgas'wh
generated. - Control of open f1¥ ‘

e dust is’
mes, friction sparks, static electricity,

ition of dusts.
Oh1y nOpfefhpus (made of material other_than iron) tools shoy1d bé used

welding, and heated surfaces is necessary to preve

in areas of dust exposure, and workers should wear shoes

jth nonferrous
e nails tacks. '

J

LY
/ eese——— ACTIVITY 13: . F

1. List three methods of dust control. [ .
a. A ' . '
.- <« b. P
‘\w
c.

: ' 2. List five types of ignition sources that must
i be kept away from areas where dust is generated.
™~

. ®

b

c. .

d. ' -
e

. OBJECTIVE 14: Identify the classes of hazardous locations,
35 defined by OSHA.

Almost every workplace contains materials or’is made of materials that
could pro_vﬁe fuel for a \fire. However, some -areas are far more hazardous
than others because they contain flammable or combustible iiquids, gases,
or dusts.‘ The Occupational Safety and Health Ahministrafion (OSHA) classified
hazardous locations according to the ‘presence of the various flammable and
combustible materials. The OSHA classifications designate areas where the R
hazard potenial of flammable and‘combustib1e materials is serious enough -

A4 .

&
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that powéred industrial trucks cann e used in these argas. The classes

combustible materials. - . - +

CLASS I LOCATIONS

Class I 1d'étion$ age those in which flammable gases pr yapors are

or ignitible mixtures. Class I locations are subdivided <further.

Class I, Division I

This classification usually includes 1ocat16ns'where volatile flammahle
liguids or liquefied flammable gases are transferred from one container to
another. Interiors of spray booths and areas in the v1czn1ty of spraying
and paiﬁ}1ng operations where go]at11e flammable solvents are used are one

example. Others include locations containing open tanks or vats of volatile'

" flammable liquids, drying rooms 6Y compartments for the evaporation of flam-
mable solvents, and locations containiﬁb fat and oil extraction equipment
us{ng volatile flammable solvents. Additional examples include portions of
"cleaning and dyeing plants where flammable liquids are used, gas generator
rooms ane other portions+of gas manufacturimg<plants whéke flammable gas may
‘escape. In the same classification are inadequately vent1]ated pump rooms
for flammable gas or for volatile flammable liquids and the interiors of
refrigerators and freezers in which volatile flammable: mater1als are,, stored
in open, lightly, stoppered, or easily ruptured conta1q/;§; And f1na11y, all
other locations where ignitable concentrations of flammable vapors or gases

are likely to_occur in the course of normal operations are considered Class I,

Division I. ) -
- of
$ .

LClass I, Division "2 - .

' > 4
This class1f1cat1on usua]ly includes locations where volatile, f]ammabie
liquids or ﬁ]ammab]e gases or vapors are used, but wh1ch would bepome hazard-
ous ‘only ‘in case of an accident or of some unusual operating condition. The

quantity of flammable material that might escape in case of an accident, the -
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adecwﬂcy of ventilating.equipment, the total area 1nv04ved, and the record '
of the industry or business with respect to explosions or f1res are all fac-

tors to be merit considered in determining the classification and extent of

each Tocation. . l .

Piping without vaﬁves,'checks, meters, and similar devices would not
ord1nar11y introduce a hazardous condition even though used for f]ammab]e .
11qu1ds or gases. Locat1ons used- for the storage of flammable liquids or
11quef1ed or compressed gases in-sealed containers would not normally be
cons1dered ﬁazardous unless also subgect to other hazardlps conditions.

E]ectr1ca1 conduits and their associated enclosures separated from
process fluids by a single seal or barrier are classed as & Divison 2 loca-
tion if the utside of the conduit and enclosures is a nonhazardous location. <.

. ” .
CLASS I LOCATIONS v

Class IIllocations are those that are hazardous because of the presence’
of combustible dust. Class Il locations include the following divisions.

.

A

Class II, Division 1 . - -y, .

.

This classification may include areas o} gnéin handling and_processino
plants, starch plants, sugar-pulverizing plants,.malting plants, hay-grinding
plants, coal 3u1ver121ng p]ants, and areas where metal dusts and powders are

. produced or processed Other similar locations are those which contain dust
producing machinery -and equipment (except where the equipment is. dust-tight
or vented to the outside). These areas would have combustible dust in the .
air, under normal operating conditions, in quantities sufficient to produce
.explosive or ignitible mixtures. " Combustible dusts which are electrically
. nonconductive include dusts ‘produced in the handling and proce551o210f grain
and grain products. Some examp]es include pulverized sugar and oa, dried
egg and mi]k powders, pulVerized spices, starch and pastes, potatp and wood-
flour, oil meal from beans and seed, dried hay, and other organic materials
which may produce combustible dusts when processed or handled. Dusts contain-
lingjpsgpesium or aluminum are pqrficu]ar]y hazardous and the use of extreme

caution is necessary to avoid ignition and explosion. .

. -
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* Class 11, Division®

-

This classification includes locations where dangerous concentrations
of suspended dust would not be likely but where dust accumulations might
form on or in the vicinity of electric equipment. These areas may contain

. equipment from which appreciable auhntities of dust would escape under abnor-

mal operating conditions or ba adjacent to a Class*II Division,1 location.

-

CLASS T11 LOCATIONS \ < 3

[

Class III locations are those that are hazardous because of the prqsencé

of easlly ignitable fibers or flyings but in which such fibers or flyings .

afe not likely to be in suspension in the air in quantities sufficient to
produce ignitable mixtures.” Class IIl loCations include the following cat-

-

egories.

Clgss 111, Division 1 ' .

2

A Class III, Division 1 docation is a location in which easily ignitable .
fibers or materials producing combustibe flyings-are handled, manufactured,
or used. ) '

. Such Tocations Jsua]]y include some parts of rayon, cotton, and other
textile mi]ls; combustible fiber manufacturing and processing plants; eotton
gins and cotton-seed mills; flax-processing plants; clothing manufacturing,/f«;'u
plantsj woodworking p1ants,fand establishments; and industries inv@]ving .
similar hazagéqus processes or conditions.

Easily ignitable fibérs and flyings include rayon, cotton (including
"cotton linters and cotton waste), sisal or henequen, sistle, jute, hemp,
tow, gocoa fiber, oakum, Qg]ed waste kapok, Spanish ﬁ?ss, éxcé]sior} and
other mateirsli-zj—jiﬂilar nature. . '\

Class II1, -Division 2 _ .-

’

A Class 111, Division 2 location is 4 location in which easily ignitable
fibers such as those cited above in Division 1 are stored or handled, except

in the process of manufacture. .
L} 7’

¥
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¢ ' ’ g ———— ACTIVITY 14; cossssss—
Match the classes or the left with thé materials on
", the right. . ’
. CLASS I a. Combustible dusts
__ CLASS II b. Flammable gases or liquids
_ CLASS .III ¢. Combustible fibers or flyings

2. Which of the following class of location is the most
hazardous?
a. CLASS I, Division 2
b. CLASS III, Division 3
" c. CLASS I, Division 1’
3: Give two examples of each of the following types of
hazards:
a. Combustible dusts-
. b. Flammable gases or liquids-. : -
¢. Combustible fibers or f1yiﬁgs-

el
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, " ANSWERS'TO ACTIVITES
. ‘ ) CL e
?QI’IVITYI ‘ ’ '
The lowest temperature at which a 11qu1d releases enough vapor
to supoort burning. '

b. Liquids having flash po1ntsq;31Q: 100° F
. ¢. Liquids having flash points above 106>F.

2. -a. flafmable- b. common ignition sources

ACTIVITY 2
1. d R
2. a. False b. True c. True

-ACTIVITY 3

Sl R
2. b .

3. b

4. b

ACTIVITY 4 .

Hot plates and electric coils.

Overheated .bearings /

Smoking materials.

Welding.

.~ Pilot lights.

Static electricity from\rotatipg machine parts.
Statit electricity from transferring liquids.
Sparks from electrical tools. .

i

0 ~N OO B»TW N

ACTIVITY 5 ; _ B

1. Bonding eliminates the electrical potential between two conductive
objects. g , '
Grounding elimihates the difference in electrical potential between
the contdiner(s) and the earth.

Wherever CLASS I liquids are poured into containers.

-

-

.
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. ACTIVITY 6 Booe . ) " _

. 1. ‘D‘angerous' Eoncer}trations,épf vapor coyld octur.
¥2. a. Plastic.milk carton# . oo

b. Glass bottles v

ACTIVITY 7 . C S

f ’ ' <
~ 1. FLAMMABLE - KEEP FIRE AMAY. . - &
S 2. 3 feet, DR .
: 3.0 Vépors are heavien than air and can settle and chect be40w ground -
. - -1
Al Tevel.

ACTIVITY 8 : - S \ L
© 1. Turn off engines. ' . T '

*2. set bfakes. X ~ ’
3. Have de11ver$\rucks ‘meet DOT regulat1oﬁs '_» e _4 I
4. No smoking. - — . (o R
5.. Trajned people ™ charge. F o ‘
ACTIVITY 9 ) ‘\‘ ‘ , , L
a.' .Boots ' y \ L. . .
b. "Barrier creams.. ‘.. . . 7
.. c.’ Body suit (shcker suit). - : ' - Q .
‘”f .. d. Supphed a1r-h se mask o .
o . .&. Lifeline, o \’ °
/s Qoggles. '
- u. "Face shield. seven of these) % ' . B T
. R f [} .
" ACTIVITY 10. . e .
o T LogTree & VU 'Y
’ 2. -False, ' ‘ . . R ) /

3. True : ) -

' e - 4. False .

-

, ACTIVITY J1 . - - N
1, L1que'f1ed gases . ‘ e, . .
. q" 3 _b.‘ Compnessed gases. ‘ ) :“ :
2. Ignition- can be caued by the fr1ct1on of escapmg hydrogen
Widgst. . - . ~- .
m- " :* I
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' . g N . .
‘ ' . ° »
*4.  Fire. o ‘ L . o | '3
- ACTIVITY 12 . L L
" 1. Plastics. : . * }
2. Some textiles. . ‘ L
3. Oily.rags. :
4. . Canb'ustjbje cleaning materials. ] i ' ‘
* AcTIviTY 13 , L
1. -a. . Local exhaust. - ' .
b, Houseke.epjng (vacuumina;'brushin'g). . . o,
c. * Enclosura of dust-producing area.” § -
2. 4. Open flames. ’ ' o
b, 'weiding. ' '
" ¢. Friction sparks. '
' ~d.  Static electricity. ; .
K e. , Heated surfaces ’ - '
AETIVITY 14 . - . . o
. ob=1. - T
a—11 * o ' ! ' ‘ -
‘ ¢~ 11 o .
© 3. a.. Grain, starch, malt, hay, coal. f ’
"o b. “Paint, solvents. ° " \ I
d o Rayon, totton, sisal, sisle, jute, hemp, tow, cocoa fiber,
oakum, kopak, spanish moss, excelsior.
. o » ’\ . .
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