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SAFETY ENGINEERING_IN_THE
COMPRESSION OF GASES

By A. D. Risteen, Hartford, Conn.
Member of the Society.

The purpose oj this paper is to outline a few oj the chief hazards that
are associated with the compression of some of the gases in common USE
in industry. Among the gases considered are air, oxygen, nitrogen, argon,
carbon dioxide, hydrogen, acetylene, ammonia, and chlorine. The prep-
aration, utilization, storage, or transportation of the gases, except when
some of these items may happen to have an important bearing upon the
actual operation of compression, are not discussed. As to the mechanical
strength of the apparatus that is used to effect the compression, the paper
deals only with the things that are likely to happen even when the apparatus
itself is strong enough to withstand the stresses that are thrown upon it
in the course of its normal operation.

OMPRESSED air, the first of the gases to be considered, is

used for many different purposes” and at many different
Press_ur_es, but sofar as safety is concerned it is sufficient
0 distinguish two main Problems. First, we have to deal with
cases in which the ultimate pressure desired does not exceed, say,
200 Ib. per sq. in; and second, the special case in" which the
compression, must he pushed to perhaps 3000 Ib. per sg. in., for
the production of liquid air. _

2 When the ultimate pressure is not greater than 75 Ib., the
compression is usually effected in a single opertion; but it would
seem Detter to adopt two-stage compressions for pressures ap-
Broachm? or exceeding this limit. Three stal%es at' least, should
e used for pressures in the neighborhood of 1000 |b., and to' push
the pressure from this point upto 3000 Ib. a fourth stage or oper-
ation should be employed. It is advisable to use long-Stroke com-
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Rressors, with low Blston speed, not only to avoid unnecessarily
igh temEperatures, ut also because less Tubrication js needed.
3 Every now and then there is an explosion in connection

with an air Compressor, and the results are sometimes quite Seri-

ous. Most of these explosions are probably associated more or
less directly with the lubrication of the, compressar cylinders, and
with inefficient cooling of the air that is undergoing “compression.

In an ordinary compressor the temperature of the “air rises con-

siderably during the  compression stroke, and it is of the utmost

importance to eﬂo this rise of temperature within reasonable

bounds. ~A qood deal can be accomplished In this direction b?/

surrounding the cylinders with effective water jackets. The cool-

Ing water in these jackets should circulate actlveI)( and copiously,

and_thermometers “should be, provided to, show the temperature

at \Vhich the water is entering and leaving. To guard against
stoppa?e of the flow of cooling water from~any calse, it iS also
important to Prowde some positive means for” showing that the
circulation is Tree and plentiful at all times. It is advisable, for

,examf,le to have the dlscharr%;e from each jacket located where it
Is plainfy visible to” the merl working about the room.
4 It is not sufficient however, to provide the compressor

cylinders with water jackets. The air should be passed through
a special cooler immediately after leaving the compressor and its
temperature, brought down”near that of the, surrounding atmos-
phere as_quickly as practicable. Moreover, if the compiession is
effected in two Or more stages, an intercooler between each stage
and the next one should be provided, so that everY cylinder will
be supplied with air at a moderate and reasonable initial tem-
perature. The use of efficient cooling devices tends not only to
Insure safety but also to lessen the Cost of compression, because
cooling reduces the pressure as well as the temperature.

57 In co,mpre_ssm%alr to moderate pressures, the cylinders are
lubricated with oil. Oil may also be used in the first stages of
high-compression apparatys, “though water is preferable for the
final staFes. The composition and physical characteristics of the
oil should be carefully considered. ~ , o

*6 As a general Tule, too much oil is used in lubricating the
cylinders of alr compressors. It takes considerable experienCe to
determine just the right amount, and what is right with one ma-
chine or one grade of oil may not be right with another. In a
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general way, however, it is safe to say that the lubrication. is
ample if the cylinder walls are always coated with a slight film
of oill It is often assumed that the explosions that sometimes
occur In connection with air compressors are due to the ,|fqn|t|o_n
of oil vapor or of oily mist. 1t would be hard to hUS'[I y this
theory.  Whenever a compressor cylinder discharges the air that
it contains, the oily vapor or spray that is present is discharged
at the same time, and It is hard t0 see how a quantity sufficient
to produce a serious explosion could accumulate, .Morgover there
are comparatively few explosions in which the initial break is in
the compressor cylinder. 'More commonly the first ru?ture 0CeUrs
in the discharge ‘pipe or the receiver, and trouble at these points
can be minimized, and perhaps entlrely avoided, by %l% quick and
efficient coolln? of the ‘air, (2) thorough drainage of the oillthat
tends to collect in the piping and receiver, and (3) careful atten-
tion to the discharge valves~on the compression apparatus, Con-
siderable quantities of oil are likely to accumulate in the discharge
p¥)'e and_the receiver, and if either of these bursts, a large amount
of hot oily spray is likely to be discharged into the aif, and this
m,a?{ take fire either spontaneously or from some external source
with a bad oil-vapor, explosion as the result. Suitable traps and
drains must be provided to prevent the accumulation of the oil,
and in this way the oil hazard can be largely or wholly removed.

[ |t the "exhaust valves of the compression apparatus are
Ieak)(], then upon_the return stroke more or less of the compressed
and heated air will find its way back into the cylinder, so that the
temﬂerature of the air in the ‘cylinder upon the next compression
stroke will reach a much higher point thap the designer of the
apparafus  intended. ~Carbonaceous deposits, produced by the
carbonization of the Iubrlcatlng oil, often collect in considerable
quantity in and around the exRaust valves, and these may some-
times take fire, or they may prevent the valves from closing tightly.
Exhaust valves should be tarefully watched for such depdsits, and
should be kept as clean and tight s possible,

OXYGEN

.8 ,Oxyﬁen Is compressed and shipped in vast quantities and
is used in the greatest imaginable variety of ways. Before sub-
jecting it to compression it™is essential to know that the oxygen
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is pure, and especially fo know that it is not contaminated with
any Gther substance with which it could combine, either_during
comPresswn_or In the course of subsequent handlmg%. For ex-
ample, if it is prepared by the fractional distillation of liquid air,
it Is important to know that the air that was subjected to lique-
faction was free from smoke particles, from organic dust of any
kind, and from coal gas, acetylene, and every other substance of
an oxidizable nature.” If the” oxygen was produced by the elec-
trolysis of water, it is equally essential to know that it’is_not con-
taminated b .hydro%en._ |t 715 easy enough to insure purity in all
these respects, but the importanceof not neglecting the necessary
testmg, and the purification operations when these prove to be
needed, cannot be over emphasized. o _

In handling compressed oxyg{en It is_supremely important
to: pfevent the gas from comln_? In contdct with oil or ?rease either
durm(g the compression or while the oxygen is being stored, trans-
ported:, or utilized; and in view of thie" fact that” many exceed-,
Ingly serius accidents have occurred in consequence of neglecting
this principle, the author wishes to emphasize thelhazard just a
strongly as he can. When a man talks with appropriate earnest-
ness about the danger of allowing comBress_ed 0Xygen to come in
contact with oil, grease, or othel combustible ofganic materials,

It s .easy tor the tninitiated to believe that he is nspired by un-
seasonatile timidity, but this is not the case. Those who”have
followed the- history of oxygen compression are well aware that
many accidents have occuried under conditions that thougi_htful
fifid experienced men would not have considered to be at all Tikely
to produce trouble. The use of even a slight trace of oil in the
eompifeSsor IS exceedingly hazardous, not only on account of the
danger of immediate combustion, but also bécause some part of
the oil Is bound to go over with the com%ressed gas; this will
collect in the tanks Or cylinders used for Storage purposes, and
sooner or Jater serious results will surely follow.” It is probably
safe to say that most of the accidents thiat have occurred in con-
nection with compressed ox¥gen_ have been due to lack of appre-
ciation of the importance of ‘this thln%_. The trouble is not con-
fined, of course, to the mere combustion of the oil itself. The
metal parts. of the apparatus will burn freeI%/ as 500n as they be-
come sufficiently heated by the ignition of the oil or grease, and
the consequences may transcend imagination.
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10 The only absolutely_ safe thing to use for the lubrication
of an ox;agen-compressor_ cylinder is pUre water, which_should be
introduced” into the suction pipe in the form of a visible spray.
Under special conditions it ma}é_ hapPen that pure water is not
sufficient, and in a_case of this kind it may be permissible to dis-
solve a little soap in it; but soa% should riot be used when water
will suffice, and It should never be used without first proving, by
actual analysis, that the particular supply to be dissolved contains
no uncombined (or urisaponified) oil or grease. The packings used
on the compressor must also be entirely free from oil, grease, or
graphlte., pecial packings, made for this express purpose, should
e Invariably employed. _

11 Theé compression of oxygen is often, and perhaBs usually
carried up to about 2000 Ib. per’sq. in., and it should be effected
in not less than three stages. In speaking of the compression of
air, the importance of prompt and effective cooling has been em-
phasized, and much greater attention should be paid to this point
when compressing oxygen. The pump cylinders should be water-
jacketed, the circulation of water should be positive and abund-
ant, and the aRparatus should be so designed that cessation, or
diminution of the flow of 1acket Water cannot escape immediate
notice. The gas should also be passed through etfective inter-
coolers between each compression stage and thé one next follow-
ing; and immediately after leaving the last cylinder of the com-
?ressor it must be passed through 4 final cooler; and brought down
0 the temperature of the sur_roundjn? atmosphere. _

12 It is exceedingly unwise to infroduce Oxygen into receivers
of any kind, unless thésé receivers_are known to"be perfectly clean
interrially and wholl¥ free from oil, qrease, and other combustible
substances. The author would like To see some kind of a requ-
lation established forbidding every oxygen manufacturer to Till
any tanks other than his own. This principle is already followed,
It is believed, by some and perhaﬁ)s all of the larger manufacturers,
but unfortunately it is not followed by everybodK. Moreover,
oxyé;en should never be compressed into containers that have been
uséd for other gases. When a cylinder or tank has been previously
used for holding compressed gases other than oxy?en, there is
likely to be an dccumulation of ol UPOH_ItS_Ianr suirface, because
oil may have been used for cylinder lubrication in connection with
the compression of these other gases, and it is hard to remove such
oil thoroughly enough to make'the tank safe for oxygen.



604  SAFETY ENGINEERING IN THE COMPRESSION OF GASES

NITROGEN

13 Nitrogen gas has a far narrower range of a Pllcatlon in
the arts than oxygen, yet it is compressed and Shipped to a certain
extent. This gds"was used during the war in the recoil cylinders
of certain t)épes of guns, and it has also been used to a limited
extent for Ianketln? combustible liquids and for supplying a
neutral atmosphere for other purposes, where the presence of a
as with active chemical properties would be gbjectionable.. At
e. present time compressed nitrogen is supplied mainly, it_is
believed, for filling incandescent electric lamps, and in connection
with the manufacture of automobile tires. The gas itself is coming
into use for the direct manufacture of ammonia, nitric acid, fer-
tilizers, and other nitrogen_compounds from the atmoslohere; but
chemical plants in which this kind of work is done usually prepare
their own nitrogen and do_ not subject it to compression’ except
as the process may require it to be under pressure.

14 Nitrogen~forms four-fifths of the bulk of the atmosphere
and as it Is nearly inert in its elemental form the precautions that
are recommended in connection with the compression of air are
also adequate when_compressing .nitrogen. It should be. noted,
however, that the nitrogen that is used for filling electric-lamp
bulbs must be free from h¥drocarbons, and_this méans that when
the gas Is to he emFoned or this purpose it is not permissible to
use oil for lubricating the. compressor C¥I|nde_rs._ ater should
be used instead. For certain reasons, in Tact, it is best to avoid
oil altogether and to |ubricate with water in all cases. This does
not mean, however, that there is any danger of direct chemical
action between the_oil and the nitrogen.

.15 Nitrogen is usually compressed to about 2000 Ib. per sq.
in., and the compression should be performed in three stages.

ARGON

16 Argon, like helium and neon, has no chemical, properties
whatsoever.” It forms no compounds and is absolutely inerf under
all circumstances. Hence it ‘cannot_produce fires or explosions.
Moreover, it is not_poisonous. It is obtained. from liquid air,
however, and when first separated from the air it is mingled with
a large proportion of oxygen—the mixture usually containing
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about 65 per cent of oxygen and 35 of ar%on_. When it is handled
In this state it must therefore be treated like oxygen; but after
it has been freed from the admixed oxygen it may Dbe_compressed
under the same conditions as nitrogen. " For shipment it is usually
ctompressed to a pressure of 1800 or 2000 Ib. per sg. in., in three
stages.

CARBON DIOXIDE

17 This gas is compressed.in large quantities and is used for
the most varied purp_oses. As is well"known, it will neither burn
nor support combustion, and the author does not recall any chem-
ical dan%ers which are [ikely to be encountered in its compression.
It is not especially poisondus, but when a considerable quantity
of it is mixed with the air that the workmen have to breathe, it
replaces the Ilfe-?wmg oxygen to a corresponding extent, and this
maz mean that the air is not fit for respiration, The effects of
carbon dioxide in this way are sometimes very insidious, especially
as the pure gas is without odor or color; and. it is therefore evi-
dent that spécial care should he taken to provide free and. copious
ventilation at all times in buildings in which carbon dioxide may
escape, by leakage or otherwise.

HYDROGEN

18 In connection with hydrogen and most of the other com-
bustible gases (such as propane), the chief danger associated with
compression probably consists in the_ likelihood of fire or explo-
sion in case of leakage or of contamination with oxygen. If the
hydrogen is prepared by the electrolysis of water, thére is always
a"possibility that ox%gen may be present in it in small amounts,
and the gas should be carefully tested] either at short intervals
or preferably by some continugus process, to make sure that the
oxygen content’is always well below 5 per cent. Small amounts
of "Oxygen can be removed by passing the gas over palladium
pumice, which causes the oxygen'to combine in a quiet way with
an eqéuvalent quantity of hydrogen. , _

19 The dan%er of admixture with air or oxygen is. not in
any way restricted to_hydrogen prepared, by the electrolytic proc-
ess. Alr may leak info the suction pipé Ieadm? to the com-
pressor, whatéver the source of the hydrogen; and this, in fact, is
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one of the hazards that must be watched most carefully in han-
dling this gas. The suction line may he fitted with test cocks, or
drainage valves, and when this is the case it is exceedingly im-
For_tan to keep them closed except when they are opered for
egitimate purposes and at proper times. It is believed, moreover,
that all such cocks and valves should be kept locked, and that the
keys should be in the keepm[q of some designated, responsible
man. To %uard further against trouble from this source and from
accidental ‘leakage, the wnole operation should he conducted so
that there will bé a positive pressure in the suction line at all times,
Care should also be taken that the gasometer does not stick and
that its seams are kept absolutely tlﬁht. -
20 It is important to consider the possibility of leakage out-
ward as well a, inward. Hydrogen is usually ‘compressed to a
pressure of 1800 or 2000 Ib. “per Sq. in., and dt high pressures a
(I;ood deal of gas will escape through a small hole in a short time.
f hydrogen giets, out into the room and is allowed to collect there,
a_Serious EXR osion is likely to result. Every discoverable source
of ignition should be carefully considered and"safeguarded. R|gor-
ous ‘measures should be taken to prevent the men from smol mgi
or using matches or other sources of open flame. The artificia
Illghtmg should be Prowded by incandescent electric lamps en-
closed in vaﬁor-p_roo globes, and it Is safest to mount these lamps
outside of the windows, locating,them so that they shine through
the window glass into the interior. All electric wires should e
run in closed conduits, and the fuses should invariably be out-
side of the region of possible danger. This applies also to switches,
unless they are of a type whichi cannot produce an arc or flame.
No electric motors should be used in rooms where hydrogen, pro-
Pane, or any other combustible gas may escape in quantity, unless
hese motors are specially designed for this particular application
or else thoroughly ventilated by fresh, P_ure air from the outside of
the building. “Anid these various precautions should be observed not
only wheré the hydrogen is compressed, but also wherever it is
stored — either in t[;asometer,s or in cylinders. Finally, it is ex-
ceedingly important to P_rowde abundant ventilation at all times
to lessen the chance of fire or explosion in case the various other
precautions ?rove Inadequate. _ N
Left-handed threads are extensively used for fittings that
are to be employed in connection with hydrogen, the purposé being
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to, prevent the accidental connection of hydrogen lines or pﬁlinders
with pipe lines conveying other gases, and éspecially with those
containing air or ox¥gen. It IS to e regretted that in‘many plants
the purpase of the eft-handed thread is deliberately deféated by
making use of devices known as “ adapters.” Thes are in effect
right-and-left couplings, which are provided for the express pur-
Pose of making it possible to attach a cylinder with a left-handed
hread to a pipe line having a right-handed thread.

ACETYLENE

22. No ,oerson should ever undertake to compress acetylene
unless he fully understands the properties of the gas and knows
exactly what 1t is permissible to do and what he ‘must car,efull¥
avoid doing.  This s not meant to imply that the compression o
acetylene 15 a dangerous operation when’it is performed under the
direction of a properlx qualified man, but is intended as a special
note of warning to those who are tempted to.compress the gas
without first understanding its properties. Acetylene is an endo-
thermic compound, and this formidable word has frightened a
?reat many persons who do_ not understand its exact s_|?n|f|cance.

t merely means that heat is absorbed (instead of emitied). when
acetyleng is formed from its constituent elements. Now it'is well
known that substances of this kind are IlkeIY to be more or less
unstable under certain conditions, and acetylene is no, exception

to the rule:,but the conditions under which’the instability exists

are well known, and it is only the man who does not understand
them, or who is pleased to ignore them, who gets into trouble.

3 In compressm? acetylene it is important to keep the
temperature of the gas as Tow as practicable at all times. Ex-
pressed in more definite language, this means that the compression
must be effected bg a pump moving with a very low piston speed,
and that it must De performed in not less than three stages. It
also means that the Pump cylinders should be kept as cool as prag-
ticable by a plentiful supply of water drawn from the coolest avail-
able source. " The author cannot state any definite temperature at
which the ?as may become instable during the act of compression,
and in fact it is doubtful if anyone knows what that temperature
might be.  The only thing that'we can say is, that if the operation
is conducted as here described, there is apparently no danger from
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instability. It certainly is not safe, however, to store acetylene
in otherwise empty cylinders, at the pressure at which the ‘com-
pressor pumps deliver’it. - There aPpears to be a time element in-
volved here, and it is probable that a certain amount of polymeri-
zation_gradually accurs in strongly compressed acetylene (except
when it"is storéd in special receptacles contalnm% suitable porous
material charged with liquid acetone), so that in the course of time
small quantities of other more_sensitive substances are- formed
which serve to lessen the stability. At all events, we know that
acetylene should not be stored in an otherwise empty tank at a
Pressure of more than 15 Ib. per sq. in. greater than the pressure of
he atmosphere, and Ket we know that explosions in the compres-
sion pumps, and in the delivery pipes leading from them, are ex-
ceedmgly rare if the compression is effected as here described. In
fact, the author knows of only one case of the sort, and this was
prec;Bnated by the breaka%e of a steel valve spring, which quite
ROSSI ly struck a spark and thereby caused the development of a
igh temperature within the tlng space filled bY the spark itself.
24 Oil may be used for lubricating the cylinders of acetylene-
compressing purips, but it should afterward bé removed by passing
the compréssed ga_s throygh suitable separators as it Ieaves the
compressor, - And immediately upon leaving the oil separator the
acetylene should be passed into the storage cylinders, which, as
previously stated, must be filled with & special porous, solid
material thorou?hly impregnated by liquid- acetone, which dis-
solves the acetylene ang holds it safely in solution. _
.25 It should nof be necessary to issue a waming against
mixing other gases with acetylene in the storag%e tanks,” or using
acetylene storage cylinders for any purpose whatsoever, except for
holding pure, unmixed acetylene (in addition to the safety filling).

ETHYL CHLORIDE, METHYL CHLORIDE, AND PROPANE

26 These tgases are used to some extent as refrigerating agents,
but it does nof” appear desirable to discuss their comBresswn in
an_Y detail. They ‘are all inflammable, and hence must be handled
with due regard ‘to the possibility of fire and explosion. Propane
(like butang) does not requiré lubrication in. the compressor
cyljnder, because the substance itself affords sufficient lubrication.
I{ i necessary, however, to lubricate the stuffing box of the com-
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Pressor._ There has been some difficulty in connection with the
ubrication of cylinders in which the chldrides of ethyl and methyl
are compressed.”. Castor il has been used, but it is not very satis-
factory. Glycerine is said to be much better, though still far from
ideal. * It is’said that a new lubricant, consisting of ethylene and
propylene glycol mixed with deflocculated gra?hlte, and specially
adapltebcil to” ethyl and methyl chlorides, and to propane, is now
available.

.27 In handling these and_ all other inflammable %ases the
various special precautions mentioned in connection with Tydrogen
should also be observed.

AMMONIA

28 Liquefied ammonia is used in immense quantities in con-
nection with refrigerating machinery, and althougn it perhaps can-
not be called a poisonous gas in the narrow sense of the term, it
Is easily capable of producing unconsciousness and death when it
IS presént in the air. in_any considerable amount. Similar remarks
apply. to sulphur dioxide “gas, which is also used in_refrigerating
machinery as well as in. various other applications. Both 0f thesg
jases are fre_eI%/ soluble in water, and it Is recommended that in all
rooms In which they are handled an overhead sprinkling system be
provided that_is capable of d;schar?mg large volumés of water
Into the room in case of the accidental liberation of excessive quan-
tities of either gas. A considerable part of the liberated %as would
be absorbed by the down-rushm? water, and even though the air
might not be “rendered respirable in this way, something would
surely be gained in the way of checklnq the Spread of the gas to
other roonis. . It s certainly important 10 provide free and ‘abun-
dant ventilation and adequate means for quick exit in_connection
with any room in which either gas may suddenly be liberated in
guantlty. These simple and evident precautions “are. often wholly

1sre_garded in laying out plants in which ammonia or sulphur
dioxitle are handled Or used. , ,
, Ammonia gas is usually pronounced incombustible and
incapable of being_eéxploded when mixed with_atmospheric air, but
research and experience have shown that this is not altogether trye.
A mixture of ammonia gas and air can be exploded if It contains
from 16 to 27 per cent of ammonia, and some of the explosions
that have occurred in our big refrigerating plants subsequent to the
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liberation of considerable quantities of ammonia may possibly
have been due to the ignition of mixtures of this kind"by meanis
of the arc lamps which”have in most cases been in use in rooms
where these accidents have occurred. . The limits given, while not
guaranteed to be the exact ones within which the explosibility
exists, are at least approximately correct.

N compressing ammonia another source of danger must
be carefully considered. If the ammonia %as that i undergomgi
compression is allowed to become unduly Rot, the ammonia tha
comes away from the compressor will contain a notable quantity
of combustible gas that is distinctly different from ammonia. _ This
may come in some measure from the decomposition, of the oil that
IS Used In lubricating the compressor cylinder, but it also contains
free hydrogen, which appears to be produced _b}/ the actual dis-
sociation {or breaking up) of the ammonia info its component
gases, nitrogen and hydrogen. We used to_think of ammania as
eing exceedingly stable and incapable of dissociating in this way
to.any sensible éxtent, but we now know that such is not the case.
Dissaciation occurs_even at moderate temperatures, and it is likely
to become quite significant when the te_m‘oerature is high. To
guard against the dévelopment of combustible decomposition prod-
Ucts from. the lubricating oil, it is important to use a special kind
of oil which experience has proved to be well adapted to work of
this kind: and to keep.the dissociation of the ammania itself within
as low a [imit as practicable, 1t is important to keep the gas as cool
as possible bP/ methods already outlined in connection With other
gases. Finally, to guard agams,t vapor explosions in case ammonia
gas should escape” into the air in considerable quantity, it is
important to take the same precautions _agamst ignition” sources
that have been 'suggested in connection with hydrogen.

CHLORINE

.30 Liquid_chlorine is now shipped in vast quantities, for use
in connection with bleaching, and for many other purposes. It has
been greatly feared by the general public ever since it was used as
a military gas in the'war, but in time of peace this fear is haraly
justifiablé. ~ Chloring is exceedingly irritating, and it can produce
unconsciousness and even death 1f inhaled” in any considerable
quantity. It has beep well described as an **honest gas,” however,
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the phrase meanmP that it has no treacherous qualities, \We
always know exactly what if will do. When the air on a battle-
field was heavily char%ed with chlorine, there was.no place to go
in order to be rid of the gas; but in a manufacturing plant, or In
a plant in which chloring”is compressed, immediate relief can be
had, in case of leakage, by merely Ieanmg out of an open window
or going out of the” room. It 15 not desired to underrate the
dangers " associated with handlmq liquid chlorine, yet_it is only
fair'to say that _theg have been largely exaggerated. The gas is
far from being like St. George’s dra?on and”it even has some re-
deeming features. 1 a cylinder or a tank containing liquid chlorine
bursts or_sprm%s_ a leak: for example, the. evapordtion that takes
Place rapidly chills the liquid still'remaining in the tank, so that
he evolution of gas Is quickly and automatically checked, thouPh
not wholly stopped, Abundant ventilation is important in a chfo-
rine plant'and special attention should be given to the exits, so that
if the gas becomes accidentally liberated In considerable_quantity
the ngfn can pass out into the open air as quickly and directly ds
ossible.

P 32 Chloring must be carefully dried before compression, be-
cause if it is moist it will corrode the pump, piping, and tanks.
Perfectly dry_chlorine, on the other hand, has practically no action
upon 1ron. “The drying is effected by passing the gas throu%h
towers filled with pumice wet with concentrated sulphuric acid. In
Ilquef?/mg the gas by means_of a compression F_ump. the main diffi-
culty to be overcome is keeping the fplston_gas ight in the compres-
sion” cylinder.. A special form of packing is required for this
purpose, and it should be designed and inStalled by some person
Who understands the necessitieS thoroughly. In ore compression
plant visited by the author there are Seven _seallngi rings on the
piston— six soft and hard ﬁacklnogs of special chloring-resisting
material being used, while the middle space is filled with strong
sulphuric acid"which not_only completes the seal but also serves to
|ubricate the cylinder. The pressure required in_ chlorine tanks is
not high, as the vapor pressure of liquid chlorine is only about
120 Ib."per sq. in., at 70 deg. fahr.; and even when a_chlorine tank
has been left standing in the sun for a considerable time, the pres-
sure will hardly evef creep up as high as 160 Ib. per sg. in. In
liquefying this Eas the compression IS therefore performed in one
operation: Tanks and other apparatus used in handling or storing
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chlorine must be clean and free from all other substances — solid,
liquid, or gaseous —with which the chlorine might combine.
3 In_conclusion, there is one general Suggestion relating to
safety-valves which applies to all gases. “Some engineers discour-
age the use of safety valves on gas-compressing apparatus, partly
because the escape of gas throygh them 'is a source of waste, and
partl¥ because it createS a specidl hazard, when the gases are toxic
or inflammable. But it is not necessary to liberate the,escapmg
gas at_or near the work place, and it can often he discharge
where it will not constitute a hazard to property. ~Hence this 0b-
{)ectlon IS not ,altogiether well founded. _In fact, relief valves should
e provided in all cases, and the discharge problem should be
considered on its own merits in each individual J),Iant. It is often
and perhaps usually, practicable to have the discharge delivered
back into the piping system on the low-pressure side of the com-
pressor, so that there 15 no economic loss, and no hazard to the
men nor to property.

DISCUSSION

. Frank Creetman. Acetylene, unlike the other gases con-
sidered in this paper, can be exploded without the addition of air
or any other gas. This IS caused when the temPerature IS raised
sufficiently to cause it to decompose into its constituents, h¥dro en
and carbon.  This decomposition is accomPanled by a great evolu-
tlfon of heat which expands the hydrogen, thus causing an increase
of pressure,

IOlf the initial pressure of the acetylene is less than 30 Ib. gage
and the gas Is |gn|t_ed by heating a spot In the metal container rad
hot or by intro ucmq an electric spark into the gas inside of the
containef, only a small amount of the qas, that close to the ignition
Bomt,_wnl decompose, and the heat evolved and the pressure Caused
py this heat will be relatively small, while if the inifial pressure
IS much above the 30 |b. gagé. pressure the ignition will be propa-
gated through the entire quantity of gas practically instantaneously
with great gvolution of heat and rapid and greaf rise of pressure;
in fact it detonates. _

_Dissolving acetylene in acetone does not prevent the detona-
tion of high-pressure acetylene, but if the container is entirely filled
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by a porous solid, the pores only containing the dissolved acetylene
tfie decomposition stated as above will be’ only local, that 1S, will
not be propagated throu?hout the mass and no harm will result.

- Care, however, must be taken to see that no large voids occur
in the container, due either to carelessness In the orlg_mal placing
of the porous material in the container, or to its settfing together
later, thus leaving voids. If these voids are present the entire gas
contents can be detonated. , ,

. The real advantage of dissolving acetylene in acetqne is that
with the proportions of porous material and acetone which is usu-
ally placed In the containers, a container holding the gas at any
?lven Pressure (say 150 Ib. per sg. in.) will hold dpproximately ten
Imes the amount of acetylene that the same container would hqld
of the gas (at the same pressure)' alone without any porous material
or acefone.

There is no evidence whatever that polymerization (cracking)
takes place in stored acetylene at ordinary temperatures, even for
long-time storage; all experience is to the” contrary.

The writerhas had many years’ experience with compressed
acetylene, and' would like to Say there is no evidence whatever of
any “such action; In fact, all of our experience is to the contrary,
except possibly when the gas compound is com[pressed to sucha
high pressure as to be near the critical point of liquification. But
no commercial concern today, with the knowledge they have, will
attempt to_compress gas up to any such point. Thé gas under
these_conditions is S0 Very dangerous as to be not fit for ‘any com-
mercial use whatever. _

Dr. Risteen also states that the storage, of acetylene by this
system is the only safe method of keeping_it for long periods of
time.  That does not agree with practice. "The dissolved acetylene
system is not the_only Safe system of storing acetylene under pres-
sire.  Mr. Max Toltz deviséd a very safe System which was used
extensively by two of our largest failway "companies, for manY

ears, wifh perfect saf,et)( from’ explosions. As a matter of fact,
he writer’s experience is that it is 4 little safer than the other.

Dr. Risteen says in comprressmg acetylene the speed of the
pump should be very slow. That iS not ‘entirely necessary. In
compressing acetylene the speed of the pump has no effect on the
gas except in so far as it increases the temperature of the gas, This
Jas temperature is the limiting feature, so that if the gas is com-



614  SAFETY ENGINEERING IN THE COMPRESSION OF GASES

pressed in a sufficient number of efficiently cooled stages, with
Inter-coolers, also an after cooler (this last 1s verY important) so
that the gas temperature does not rise in the hottest Spot above
say, 300 deg. fahr., the compressor can be run safely at any speed
consistent with these requirements. A sufficient number of good
thermometers, should be located in the gas passages of the com-
Pressor at suitable points to enable the operator t0 keep track of
he temperatures, so that he can shut down promptly before dan-
gerous temperatures are reached.

The compressor should never be allowed to run unless’ the
operator is in'the compressor room.

Mayo D, Hersey. May | call attention to_ the fact that the
Bureau of Mines is undertaking a serigs of mvestlgwlons 0N OXygen
explosions?  That is being done at Pittsburgh. "We are to make
experiments to, show the limiting temperatures and_Pre,ssures, kind
of oil, etc., which determing these explosions, quantitatively.,

_For our guidance, we shall be glad to be put in commUnication
with all persons having experience with compressed oxygen explo-
sions, particularly where lubricating oil was present, and’it may. be
added" that our “survey, thus far, strongleé corroborates the “im-
portance of the precautions suggested by Dr. Risteen.

E.P. warner, The writer was particularly interested in what
Dr. Risteen has said about the use of tetraethyl lead as a means of
retarding detonation in acetyleng fanks, because of its connection
with thé use of the same miaterial in a very different field, The
General Motors Research CorRoratlon, after ‘several years of work
has added tetraethyl lead as the latest stage in the development of
an anti-knock compound for internal combustion engines. The
addition of one cubic centimeter of this chemical to every gallon
of gasolene is a practically absolute preventative of knock,” even
in hlgh-compressmn engines under verV unfavorable conditions, as
was_ (emonstrated by Mr. Midgley at fast summers meeting of the
Society of Automotive Engineérs. There is no doubt that the ac-
tion in the retarding.of the production of flame in the burning
ﬂ%a\sol,ene vapor mixture in the cylinder is exactly comparable t0

at In retarding the explosion in"the acetylene cylinder.



