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THE VALUE OF INERT GAS AS A PRE-
VENTIVE OF DUST EXPLOSIONS
IN GRINDING EQUIPMENT
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INTRODUCTION

The records for a 20-year period show that in feed-grinding nlants
alone the 30 principul explosions caused the loss of 60 lives, injury
to 118 persons, 1111({ property dumage amounting to approximately
$5,000,000. The fact that 18 of these 30 explosions originated in the
grinding equipment, where it was impossible to prevent the formation
of dust clouds ur eliminate sources of ignition, the two known meth- .
ods of dust-explosion prevention, together with the knowledge that
feed grinding was only one line of industry where the hazard existed,
focusttl attention on the need for a method of preventing dust ex-
plosions which could be used where grinding machinery was operated.

A, G Gerlacly, formerly of the Burepu of Chemistry, was responsibic for much of the
o prelimingry work of sclecting mnd obtnlning suitable equipment for the plant. R, M,
cq Baoker, of the chemical engineering diviston ¢f the Bureau of Chemistry and Sofls, desigied
o the Luikllng for the expeciments] plant aud nesisted o the nstnllation of equlpment und
- #4 also In giving many of the demonsteations. 12, W. BEdwards nnd B, W, Harrisen, of the
chemical euginecring division, made anaiyusvs of pas snmpies to cheek the resuits obtiined
—i th the Orseb appavitys at the experimental plant. W, €. Beckner erected much of tha
ol egulpment and sttended te the mechanleal operntion npd ciare of the plant during the
perlod of the tests,  The attrition mil) was jent by Sprosl Waldreo & Co., Muncy, Po.

L o Oat hulls used s the testy were {urnlshed by the Queker Onts Co., Cllicage, IMH.
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Puct that inert gas would extinguish fires directed atfention
to the possibility of using it to prevent fires and resulting explosions.
The experimental work described in this bulletin was undertaken to
show that it is practicable to use inert gas to prevent duss explosions
in feed-grinding equipment.

EARLY INVESTIGATIONS

During 1913 and 1914, engineers in the United States Bureau of
Mines and the Bureau of Chemistry of the United States Department
of Apriculture investigated the use of inert gas as a means of pre-
venting dust explosions in grain-handling plants and designed an
inclosed system for grinding and conveying grain in an atmosphere
containing sufficient carbon dioxide and other inert gases to prevent
explosions (7f}.* From the records now available it appears that
inert gas had been used in at least one industrial plant in this
country before 1913. In this plant carbon dioxide was employed to
render inert the atmosphere in which sulphur was ground. This
equipment was probably in operation as early as 1909, but at that
time it was considered a trade secret, and no information concerning
it was published. Late in 1914, while studying methods of using
inert gas to prevent explosicu:, an engineer of the Burean of Chem-
istry inspected the equipment in this plant and found it operating
satisfaciorily. )

Laboratory experiments had been conducted in the Burean of
Chemistry to determine the conditions necessary to prevent explo-
sions of grain dust of various types. These experiments (3) showsed
that grain dust would not exptode in an atmosphere containing 12
per cent of oxygen, or less, provided the remainder was inert gas.
For sone grain dusts a higher percentage of oxygen could be used
without danger of an explosion, but 12 per cent was recommended.

Tn order to check the {aboratory results, large-scale tests were made
at a plant where full-sized factory equipment could be used. A reel,
screw conveyers, bucket elevator, and storage bin were arranged so
that they could be closed tight and carbon dioxide could be ad-
mitted while the product was circulating. Cornstarch or dextrine
circulated in this system did not explode when the atmosphere con-
tained less than 14 per cent of oxygen and the remainder was inert
qas {72). In view of the fact that the laboratory conditions might
sometime exist in the plant, it was considered advisable to continue
to recommend an atmosphere containing 12 per cent oxygen as the

. safe atmosphere in which to grind all grain products.

Tater laboratory work swith sulphur and hard rubber, reported by
Frevert (5), showed that it was necessary to reduce the oxygen con-
tent of the atmosphere to 8.5 per cent, with the remainder consisting
of inert gas, in order to prevent explosions of sulphur; an atmos-
phere containing 13 per cent oxygen and the remainder inert gas
prevented explosions of havd-rubber dust. )

As a result of the early experiments and recommendations several
industrial plants installed inert-gas systems. They were principally
hard-rubber grinding factories and sulphur-grinding mills. None
was installed in grain-handling plants.

3 Itgelle figures in purentheses refer to Bibllography, p. 23,




PREVENTION OF DUST BXPLOSIONS IN GRINDING EQUIPMENT 3

PRELIMINARY STUDIES

Tn cousidering the use of inert gas to prevent explosions in feed-
grinding equipment, it was found that few data weve available on
the quantity and quality of inert gns necessary, and methods of intro-
ducing the gns into the feed-grinding equipment. Accordingly, ex-
periments to obtain these essential data were planned.

Before the proposed investigations were begun, however, an effort
was made to cbtain all information on the uses of inert gas which
might in any way have & bearing oi the experiments to be conducted.
Demonstrations of inert gas extinguishing cotton fires were wit-
nessed, and the plans of other engineers for the use of inert gas in
dust-explosion prevention were considered. Data ‘were obtained
from companies who were using inert gas in solvent-recovery work,
and equipment employed for this purpose was inspected. Methods
employed for obtaining and handling the inert gas were studied, and
information was obtained concerning changes which had been
made either because they were necessary or because it was thought
they would improve operating conditions. Conferences were held
with a number of persons interested in the use of inert gas, including
officials of sulphur compuanies employing this method of preventing
explosions during sulphur grinding and officials of a company that
mannfactures suiphur-grinding equipment in which provision is
made for the introduction of inert gas.

"These preliminary studies indicated the need of experiments with
factory-size equipment to check the Iaboratory results and to demon-
strate the feasibility of using inert gas to prevent explosions during
foed grinding. Tt was considered advisable, therefore, to erect an
experimental feed-grinding plant, both to obtain informstion con-
cerning the quality and quantity of inert gas necessary to prevent
explosions and to demonstrate to feed manufacturers that, if properly
used, inert gas would invariably prevent dust explosions.

THE EXPERIMENTAL PLANT
BUILDING

As it was desirable to have the testing plant near a boiler house
in order to show the ease with which a supply of inert gas could be
obtuined from such a source, a site for the plant was selected close
to the boiler house at the United States Department of Agriculture
experiment farm, Rosslyn, Va.

"The building (figs. 1 and 2} designed to house the machinery and
material was a two-story structure of corrugated iron on a wooden
framework. It was large enough o hold the grinding mill and
other necessary equipment on the upper floor, and had space for
motors, drive shaft, and elevator boot on the lower floor.

Figure 1 shows the general features of the building, as well as the
location of the equipmeni. Figure 2 shows the completed building.

DESCRIPTION OF EQUIPMENT
As most of the equipment in the experimental plant was standard,
only & brief description of it is necessary.

A standard 24-inch double-runner attrition mill was used for both
the tesiz and the demonstrations.
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PREVENTION OF DUST EXPLOSIONS IN GRINDING EQUIPMENT 5

The elevator selected was of the gll-metal type having head, boot,
and legs of galvanized sheet iron, reinforced with angle ironr. The
beit was of 6-inch woven cotton and had buckets about 16 inches
apart. The elevator mensured 18 feet from the center of the head
shaft to the center of the boot shaft.

The blower was of the high-pressure type having a number of
blades or paddies which slide in and out of slots in & central drum In
order to follow the contour of the eccentric shell in which they and
the central drum revolve,

A 25-horsepower 25-cycle 220-volt induction motor, running af
750 revolutions per minute, operated the mill and the elevator. A
3-horsepower 220-volt alternuting-current motor drove the blower.
Tt ran nt 1,400 revolutions per minute, but pulleys of different, sizes

Wig, O—Ieiding erected Lo kouse e eguipneut used 1n the experlments to deter-
mtn‘u the velue of lnert gos iy 8 eRDs of preveating dust explosions in grinding
enuipiuent

reduced the speed to that required to operate the blower about 250
revolutions per minute,

The meter in the milling system was of the dry type similar to that
used in households and had a capacity of 165 cubic feeb per hour,

To carry the gas from the boiler to the mill, pipe most readily
available was nsed. Tive-inch iron pipe was used for the main supply
line, which was laid directly on the ground from the boiler house
to the cxperimental plant. A much smaller pipe would have ser~ed
as well. Inside the experimental plant, 3-inch and 1i4-inch iron
pipes distributed the gns to the various injection points. Standard
globe valves controlled the flow of gas in the various pipe lines.

The equipment for the electric are consisted of one fixed and one
movable carbon holder, made up of pipe fittings, and a rheostat to
regulate the current producing tlhe arc.
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At first the gas in the milling system was drawn from the breeching
between the chimney and a battery of four horizontal tubular boilers
which supplied low-pressure steam for heating the buildings and
greenhouses on the farm. Later a change was made, and gas was
drawn from a small vertical tubular boiler in one corner of the boiler
house. This boiler, which produced low-pressure steam, was fived
throughout the year, and offered 2 more dependable supply of gas,
since the others were fired or shut down according to the heating

requirements.
INSTALLATION OF EQUIPMENT

The blower and the motor to drive it were placed on concrete bases
close to the boiler house, and inclosed with sheet metal to protect
them from the weather. " A pipe connection was made between the
blower and the boiler breeching, and » pipe line was laid from the
blower fo the bailding. The attrition mill was placed on the upper
floor of the building, and the bucket elevator was assembled and
erected,

Metal-lined wooden hoppers were constructed above and below the
mill to store material to be ground and to collect the feed. Provision
was made to circulate and regrind the feed by having the bucket
elevator, which received the stock below the mill, elevate and dis-
charge it into the hopper above the mill.

The motor which wus to operate the mill was put in the lower
story of the building aud belted to a jack shaft directly below the
attrition mill. An extra pulley on the jack shaft was belted to
another small sbaft, from which the bucket elevator was driven.

Various points on the attrition mill, elevator; and hoppers were
connected with the main supply pipe which brought the inert gas
from the boiler honse. Valves were placed om all lines in order to
regnlate the quantity of gas going to any point.

Carbon holders and the necessary equipment for an electric arc to
ignite the dust cloud were provided directly below the attrition mill,
and a window was placed in the front of the compartment so that the
operation of the arc could be observed. The starting boxes and
switches for the main motor, the motor operating the blower at the
boiler house, and the electric arc were placed on the main floor of the
building, where they would be readily accessible. Figure 8 shows the
arrangement of this equipment.

A metal-lined wooden spout, or duct, was constructed from the
hopper under the mill to the outside of the building to provide for
the venting of pressure should an explosion oceur within the system.
A woodcien frame, covered with heavy paper, was fitted into the vent
opening where the duct entered the hopper below the mill, to form a
seal and retain the inert gas within the system as well as to prevent
the escape of dust from the hopper into fhe duct. 'The outer end of
the duct was covered with a metal flap, to keep out rain and snow,

When all the cquipment had been set up and connected, several
test runs were made for the purpose of determining how efficiently
all parts were operating. As a rvesnlt of these test runs several
changes in the equipment were found necessary.

Since too much gas was being forced into the milling system a
by-pass around the blower was provided. Valves in the by-pass per-
mitfed the flow of only the required quantity of gas. A waste pipe
having a valve that could be operated from within the building was
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connected with the main supply pipe where it entered the mill build-
ing. With the valve at the blower set to deliver the desired quantity
of gas it was possible to use the valve on the waste pipe fo Increass
or decrease slightly the gnantity entering the mill, and in this way to
regulate the percentage of inert gas in the system. A gas meter was
put in the pipe line running to the attrition mill to provide means of
dotermining 1he quantity of flue gas admitted, and taps from which
samples could be drawn were inserted at various points in order that
onsin any part of the system might be analyzed. = The diagrammatic
sketch (fig. 4) shows the general arrangement of the equipment in
the plant.
SAMPLING AND ANALYZING THE GAS

It was considered especially important in conducting these tests to
secure u uniform distribution of gas throughout the system, since 16

ph

148, R-—luterlor viow showiug some of lhe eyuipment uswd in the experiments with
inert pus a8 o ncnus of preventing dnst explosicus during feed grinding

might prove disastrous to start an explosion in an atmosphere just
capable of supporting combustion and have the sniall flash propagate
into an area or pocket where the percentage of inert gas was lower,
thus producing a higher pressure than was expected.  Accordingly,
provision was made for cotlecting samples at number of points.
Openings through which samples could be drawn were made in the
base of the mill, in the hopper, in the feed bin, in the elevator boot, in
the elevator head, in both the up and the down leg, in the pipe line
enlering the building, and at the boiler.

Orsat apparatus of a standard type was used for the gas analysis.
Tn taking & sample the usual method followed was to attach one end
of & rubber tube to the intake of the apparatus, and insert the other
end of the tube through the opening in the mill, hopper, elevator,
or wherever it was desired to take a sample, After enough gas to
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clear the tube had been drawn and wasted, a 100 ¢, ¢, sample of pas
was drawn into the Orsut, 1t was analyzed by being pussed through
Pipettes contuining potassium hydroxide, alkaline pyrogallate solu-
tion, and ammonincal cuprous chloride solution, which absorbed in
tuen the carbon dioxide, oxygen, and carbon monoxide. The number
of eubie centimeters of cach gas absorbed represented that part of the
100 ¢, c. in the apparatus or the bercentage of that particular gas
in the original sample. At intervals samples of Zas were drrwn
into bottles from the same source and at the same time that the
sample was drawn into the apparatus. These samples of gas in
sealed bottles were taken to the laboratory where they could be
analyzed more cavefully and more accurately on & more sensitive
tpparitus, and the results were compured with those obtained with
the Orsat at the plant,

3 SIVER T TV AT
AL AT AN SV E T AT AT T

Fig, d-—Dlagrammntic kiyoul of eyuipment used to provide fneck gy for food il
PRELIMINARY TESTS

Before the tests to determine the fquantity of gas required to pre-
vent explesions in the milling system under various conditions were
begun, several series of preliminary tests were made to determine
the quality of gas produced by the boiler, the quantity which the
blower could handle, the velocily of the gas in the pipes, the best
method of obtaining uniform distribution ot the gas in the system,
the proper regulation of the {feed being ground, and the natural
suction and drafts created by the mill when in operation.

As soon ag the mechanion] equipment was operating satisfactorily,
tests were made to determine the quality of gas produced by the
boiler. The anulysis of the samples of gas collected at the Doilers
under different weather conditions and difforent firing conditions
also served to check the operation of the Orvsat apparatus. It was
found that the carbon-dioxide content of the gas coming from the
boiler ranged from 8 to 12 per cent,

When it was found that the supply of gas obtained from the boilers
was sufliciently high in carbon-dioxide content to be utilized as the
explosion-prevention medivm in the feed mill the quantity of fas
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which should be delivered to the mill through the blower and pipe
line was determined. The given capacity of the blower accorc ing
to the free-nir rating was 7414 cubic feet per minute, With this
figure und the known cross-sectional area of the 5-inch pipe through
which the gas was delivered the velocity in the main supply line
was calculated to be 546 feet per minute. An anemometer fitted into
the supply pipe indicated an avernge velocity of 537 feet per minute.
It was assumed, therefore, that the blower was delivering gas ab
approximately its rated capacity. This quantity of gas was foo
large, however, for a milling system of this type, especially sinee
rll joints had been made as tight as possible. Recirculating the
feed also helped to make unnecessary such a large quantity of gas.
Moreover, it was objectionable because its escape from the few open-
ings available in the milling unit would carry quantities of dust out
into the atmosphere of the room where it would be necessary for em-
ployees to wo:!I . Accordingly, the valve in the by-pass avound the
blower was opened so that only a part of the output.of the blower
was delivered into the pipe. The remainder was recirculated. This
method made it possible to control the gas so that the quantity enter-
ing the mill was only slightly more than enough to take care of the
natural leakage, .

Tn addition to the analyses made at the boiler house, samples of
gas drawn from the main supply pipe and various points in the mill-
g system were analyzed for the purpose of comparison and to
determine how unitormly the gas wus being distributed. The gas in
the main supply pipe dif‘{'ered very little from that at the boiler, but
slight differences were noticed in fhe samples of gas drawn from dif-
ferent parts of the inclosed unit at the same time. An attempt was
made to regulate the flow of gas in the branch pipes so that uni-
form readines could be obtained at various peints, but it was soon
found that the early discrepancies were owing to differences in tem-
perature and that the gas could be distributed uniformly without
regulating the valves. In fact, it was possible to distribute it unl-
formly by closing the valves in all pipes except the one leading to
the hopper of the grinding mill. In this particular system the gas
admitted at the mill hopper mingled with the feed and was circulated
throughout the system, producing a uniform mixture of air and gas.

Owing to the frictional heat prodiced by the mill during grinding,
the temperature within the mill was much higher than e sewhere.
Almost a1l the tests were made in cold weather. when there was an
appreciable difference between the temperature inside and outside
the mill. It was necessary therefore to allow for the difference in
temperature between the place at which the sample was taken and
the place at which it was analyzed, or to establish uniform conditions
before making the analysis. When the Orsat apparatus was used
such precsutions were necessary, since often there was a difference of
70° F. between the temperature inside and outside the mill. As the
volume of a gas under constant pressure is proportional to ifs abso-
Jute temperature, a 100 c. c. sample collected at the mill where the
temperature wag 100°, would decrease in volume to 87.8 ¢, c. at the
outside temperature of 32°,and the number of cubic centimeters of the
various constituents indicated by the analysis would not be that part
of 100 c. c., but a part of the volume to which the original 100 . .

8p221°—28—--2
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sample contracted during the test. This condition was controlled by
water-jucketing the measuring tube of the Orsat apparatus and by
allowing smines of gas taken at various points to cool to & uniform
temperature before the analysis was made. In making the explosion
Lests, however, it was desivable to attempt to ignite the dust as soon as
possible after drawing the sample. Accordingly, two samples were
taken, one to be analyzed at once. to obtzin an approximate idea of
the quantity of gus present, und another to be analyzed when better
control of conditions was possible,

A suflicient number of samples were analyzed to indicate the ap-
proximate proportions of the varions component purts of the gas
being used, Lut only the carbon-dioxide content was determined
immedintely before an explosibility test was made. The percentage
of the other gases was either estimated ov determined afterwards.
In this way the operator was assured just before making an ignition
test that suficient inert gas to prevent a serious destructive explosion
was present, and the time between taking the sample and making the
ignition test was so short that the possibility of a change in the
qurlity of the gas was reduced to 2 minimum.

Regulation of the feed entering the mill was one of the factors
requiring attention.  When gns was entering the inclosed unit
throngh the feed-hopper connection only, it was found that the
natnral suction of the mill inereased in proportion to the quantity
of feed entering.  Accordingly, when the feed was heavy a larger
quantity of gas was drawn mn, and a higher earbon-dioxide content
was obtained within the system. These observations indicated the
possibility of dispensing with the blower in some systems and utiliz-
ing the natural suction of the mill to draw in the required quantity
of inert mas. In this particular system, however, the boilers were
connected with high brick chimneys, and the suction of the mill was
not able to overcome the natural chimney draft sufficiently to obtain
the required quantity of gas. Tests conducted while the blower was
not eperating and with the by-pass open to form a direct connection
between the boiler and the nmull showed that the suction and natural
dreaft balanced within the pipe line near the mill, and the mill was
able to obtain gas only intermittently as the bulance point fluctuated
back and forth within the pipe.

Anemometer and manometer readings showed that the veloeity
or pressure of the gas in the distributing pipes had little or no effect
on the distribution of the gas within the milling system. The natural
drafts created Iy the operation of the mill and the bucket elevator as
well ag the passing of the feed through the sponts und hoppers served
to mix thoroughly and distribute through the milling system the gas
introduced into the mill at the breather just below the feed hopper.
As n vesult of these tests it is felt that when necessary ov desirable
inert or flue gas could he forced for considerable distances in small
pipes under pressure instend of low-pressure fans and large-diameter
wind trunking being used, as is now the custom. The pressure could
be reduced betfore the gas entered the milling equipment or the gas
could enter at the higher pressurce, provided it had no disturbing or
injurions effect on the process or the material,

After the preliminary tests showed that the plant wa:, operating
as clesived :mc'] a sufficient number of gas analyses and check tests had




[3
PREVENTION OF DUST EXPLOSIONS IN GRINDING EQUIPMENT 11

been made to assure the operator that the quantity and quality of gas
within the mill could be fairly well controlled, tests were started to
deterniine the point at which just enough gas to prevent an explosion
was present, '

EXPLOSIBILITY TESTS

In making the explosibility tests a record was kept of the tempera-
ture inside and oufside the plant, the barometer reading, and the
wet and dey bulb readings. Special attention was given to these con-
ditions when explosions were produced in order to determine what
effect. if nny, such factors would have on dust ignitions.

As earlier lnboratory and smali-scale tests had shown that oat,
corn, or wheat clevator dust is not explosive when suspended in
atmospheres containing from 14 to 145 per cent oxygen, the first
attempt to ignite the out-hull dust within the mill was made when
the gns analysis showed 8.2 per cent curbon dioxide and 12.3 per
cent oxygen m the mill. It would not ignite. Later, when the mill
had been grinding for some time and more fine dust was being cir-
eulated, a still lower oxygen percenlnge was obtained before an
attempt was made to ignite the dust. Several tests were made when
the analysis of gas samples collected from the chamber below the
mill showed that they contained approximately ® per cent earbon
Jdioxide and 115 per cent oxywen. Although the electric are was
probably # more certain and 2 more intense souree of ignition than
would be found in actnal practice, the dust did not ignite.

Then began a series of tests in which the quantity of flue gas enter-
ing the mill was gradually reduced, and consequently the oxygen
percentage of the atmosphere within the inclosure was increased.
These tests were continued until the carbon-dioxide content had been
reduced to 42 per cent and the oxygen increased to 16.5 per cent,
when un ignition und slight concussion followed the lighting ot the
electric ure. The base of the mill filled with flames, smoke or dust
was forced from eracks in the equipment, and the cover of the open-
mg on top of the feed hopper above the mill was hifted partly off.

Additional series of tests were made from time to time under dif-
fovent weather nnd operating conditions. Tach time the mill was
filled with inert gas until the oxygen percentage was reduced to a
point at which it was known no rgnition could be produced. Then
while attempts were being made to ignite the cat-hull dust the oxygen
percentage was allowed to increase gradually until it reached the
point where an explesion oceurred. '

A sample of gas was drawn, and at least the carbon-dioxide con-
tent wus determinod before each attempt to produce an explosion.
As the critical point was approached samples of gas were taken in
bottles to be unalyzed more accurately in the hlﬁnmtnr}', and the
results were checked amninst the results obtained with the Orsat
apparatus at the plant. TTundreds of analyses were made.

About 50 explosions took place in the mill. Tt was not possible
to start an cxplosion when the oxywen had been reduced to 15 per
cent. In a few cuses the dust ignited when the oxygen content was
16 per cent. and explosions resulted almost invariably when 17 per
cent of oxygen was present. Tt should be remembered, however, thab
these Agzures apply only to the grinding of oat hulls under the con-
ditions and with the cquipment described. It is not intended that
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they should be tuken as an indication of the condition under which
other preducts could be safely ground in equipment of different
types. In fact, 12 Il)vr cent oxygen, which was recommended as a
resuit of the early faboratory tests already veferred to, should be
used to insuve 100 per cent protection. The faet that no explosions
were obtained in the mill when the oxygen content was less than
16 per cent would indicate that thr most favorable conditions for
an explosion did not exist at the time the ignition test was made.
The degree of fineness of the dust, the moisture in the dust, the per-
centage of volatile matter it contains, and the density of the dusb
cloud nre factors which must be considered in determining explosi-
bility. Undoubtedly the {luctuations in the volume of feed passing
throtygh the mill and the intermittent operation of the plant had some
effect in producing conditions unfavorable for an explosion.

From a study of the temperature and barometric readings taken at
the time the cxplosion tests werve conducted it appears that weather
conditions have little or no effect on the explosibility of material
being cirenlated within the milling system. provided the operating
conditions ave uniform. With the miil operating at constant speed
and with a vegulated flow of feed through the plates a temperature
of about 160° F. wus muintained in the chamber directly below the
mill.

DEMONSTRATIONS

A series of demonstrations to acquaint manufactnrers and users
of grinding equipment with the Ilmssibilities of inert gas for ex-
plosion protection were given. The demonstrations were attended
by representatives of various industries, such as manufacturers of

mill machinery, dust collectors, chemicals, wood flour, films, ground
cork, insccticides, and feed, by representatives of insurance com-
panies und railroads operating grain elevators, and by officials of
VATIOUS organizations.

In giving a demonstration the method of obtsining the inert gas
from the boiler flues, the equipment which forced it throngh fhe

ipe line from the boiler house to the feed mill, and the method of
Histrihuting 1t to various points in the milling system were explained,
and the electric arc as a source of ignition was pointed cut. Atten-
tion was ecalled to the location of safety vents which released: the
pressure of an explosion to the outside of the building. Then the
machinery was started to show the system of feed circulation.

When an analysis showed that the content of inert gas was suffi-
cient to prevent an ignition, the electric are was turned on. and
through the observation window it could be seen burning in the dust
cloud directly below the attrition mill without causing an explosion,
The control valves were then closed sufficiently to reduce the flow
of flue gus and thus reduce the percentage of inert gas within the
mill to the point where the dust ignited. Owing to the damping
effect of the inert gas remaining in the mill, the resulting explosion
was just sufficient to fill the mill with flames, force dust and smoke
from cracks or small openings in the equipment, and then vent itself
iwithouf; dumaging the mill, by forcing off the cover of the feed
10pPer.

As a result of these demonstrations a number of companies have
installed inert-gas equipent in their mills, so that it is now possible
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for anyone interested in the use of inert gas for explosion prevention
to see not only the demonstrations in the experimental plant but
large-scale systems in industrial plants.

QUESTIONS ASKED ABOUT INERT GAS

~ The questions ustially asked by anyocne contemplating the use of
inert gas for explosion protection in industrial plants are, {1) Wil
the gas have any injurious effect on employees? {2} What effect
will the gas have on the material being ground? (3) How much gus
will be needed? (4) What equipment will be needed ¢

EFFECT OF GAS ON EMPLOYEES

Before installing & new device it is logical for the plant manager
to consider the effect it may have upon the health or safety of em-
ployees. Owing to a misunderstanding of the recommended method
of using inert gas for ex losion and fire prevention, the question
concerning the possible injurious effect of the gas on employees is
asked frequently. It would, of course, be impossible for a man fo
woult in an atmosphere sufliciently low in oxyuen to prevent explo-
sions, and it is not intended that the gas should be uged in a room or
inclosure where employees work or which they even enter. The
system has been developed and is reconmnended for inclosed grindin
conveying, ot handling equipment, and when used as intended wﬁi
have no injurious effect on employees. Inclosed milling systems are
constructed to prevent the escape of dust and can essily be made
tight enough to prevent the escape of any appreciable guantity of
gus into the room or building where employees are at work.

When flue gas is used as the medium for reducing the oxygen
content of the air to the percentage necessary to prevent explosions
in grinding equipment and the gas is also introduced into bins or
inclosures to which the eround material passes, employees should
not enter these bins or inclosures. The use of flue gas in such places
introduces two hazards, namely, the reduction of the oxygen per-
centage of the atmosphere below that necessary to support life, and
the possible presence in the flue gus of curbon monoxide. It is un-
likely that the quantity of carbon dioxide ordinarily used for explo-
sion and fire protection would be sufficient to vender the atmosphere
rapidly poisencus, and with the modern efficient methods of operat-
ing boilers it is unlikely that any appreciable yuantity of carbon
munoxide will be found In the flue gas. Nevertheless, no one should
be permitted to enter an inclosure into which flue gas has been
introduced until it has been thoroughly ventilated.

EFFECT OF GAS ON MATERIAL GROUND

The use of flue gas for dust-explosion prevention has been recom-
mended because as a rule it oflers a ready source of carbon dioxide,
and it appesrs to be most logical to use carbon dioxide for this
purpose. No question arises concerning the effect of carbon dicxide
on the material being ground. Its use in the preservation of food
products and the making of carbonated beverages and the fact that it
pusses off quickly upon exposure of the product to the sir indicate
that this gas would have no injurious effect upon the material. There
is, however, the possibility of other gases being present in flue gas,
particularly when the fuels are sulphurous or arsenious, which would
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necessitate the cleaning of the gas. In the incrt-gas tests described
by Price and Brown (72), various products were exposed to both
washed and unwashed flue gases. A coke scrubber with a spray of
water running counter to the flow of gas was eftective in cleaning
the gas in these tests. Exemination of the starch, dextrine, and flour
exposed to the gas showed that the scrubber removed all the soot
and practically all the sulphur dioxide. When the gas was net
washed, traces of soot were detected in the flour, and a tarry odor
was noticeable. Cleaning or conditioning is therefore recommended
when flue gases are used during the manufacture or handling of food
products or feeding stuifs,

In the tests described in this bulletin no serubber or cleaner was
used, but as the mill was some distance from fhe boiler house the
long. exposed pipe line through which the gas passed evidently had
a clesning effect. By the time it reached the mill the fas was cooied
fo almospheric temperature, and most of the excess moisture, if not
all; was condensed and drained from the pipe through a water seal
at the low point. The low velacity in the pipe, the screen over the
intelke which was connected to the breeching at right angles to the
flow of gas, and the vecirculation of the gas at the blower evidently
eliminated mnch of the soot and hmpurities which might otherwise
have entered the mill. In the systems now operating in hard-rubber
arinding, cork grinding, and pyrethrnm-Hower grinding mills the
gas is not cleanied, and no effect on the product has been detected.
When the condition of the gas or the nature of the product neces-
sitates cleaning or puvifying the gas the ordinary coke serubber or
a filter or one of the many types of air washers now on the mavket
can be used. :

QUANTITY OF FLUE GAS REQUIRED

The quantity of flue gus hecessary {o prevent explosions during
grinding depends upon the size and type of equipment used, its con-
dition, and the kind of material being ground. Since the idea seemed
to be general that enormous quantities of fas are necessary and many
who were considering its use expressed concern over the possibility
of obtaining 2 sufficient quantity of gas at the mill, or near it, meas-

at

urements were made of the quantity of flue gas required to maintain
within the experimental mill an inect atmosphere capable of pre-
venting an ignition or explosion of ground oat hulls,

A gas meter was placed in the pipe line through which the gas was
forced into the mill hopper, and the valves in all other pipes were
closed tight. As the percentage of inert Zas required to prevent
an explosion within the mill had been determined in the explosibility
tests. it was necessary in this series of tests to determine only the

unlity of the flue gas coming from the boilers, adjust the valve in
the pipe until an analysis of the atmosphere within the miil showed
that sufficient gas to maintain the inert atmospherc necessary to pre-
vent an ignition of the oat hulls was entering, and then read the meter
to determine the quantity of gas passing through the pipe. These
tests were made with the mill in operation and with the same con-
ditions under which the explosibility tests were made.

This series of tests showed that when the flue gas coming from the
boilers contained approximately 10 per cent earbon dioxide it was
hecessary to use only 8 cubic feet of flue gas per minute in order to
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mgintain an atmosphere withint the mill which wonld not permit
the ignition of ground oat hulls. It must be remembered that this
figure applies only to the system described—a 24-inch attrition mill
having bucleet elevator and metal-lined hoppers and spouts arranged
to permit circulating both the feed and the gas. All openings were
closed so that it was necessary to supply only enough gas to replace
the natural leakage through small cracks and crevices which could
not be detected or readily closed. Plastic cement closed small leaks.
This fieure is probably much lower than could be obtained in indus-
trial annts, where feed entering the mill would carry with it 2
certain quantity of fresh air, and removing the ground material from
the mill or storage bin would permit the escape of some of the inert
atmosphere, It does indicate, however, that obtaining a sufficient
supply of gas is not as difficult as it is sometimes felt to be, since in
almost all grinding mills it will be possible to cut down the natural
leakage and provide for the recirculation of the inert gas, if neces-

sary.

’f"he quantity of flue gas required must be determined for each
proposed incri-gas system. Methods of determining the required
quantity are explained under the heading “Designing an inert gas
system for explosion protection in industrial plants.”

EQUIFMENT REGUIRED

Tt is difficuit to give a direct answer to the question concerning
the equipment necessary to supply inert gas for explosion protection,
as the eguipment depends largely upon the type of material being
ground, the location of the plant with respect to existing sources
of inert gas, and various qualities of the gas itself. In general, it
can be said that it is necessary to have (1) a source of supply, either
the flue gas from boilers or furnaces or the product of imert-gas-
producing equipment; (2) a fan, blower, pump, or compressor to
torce the gas to the place where it is to be used; (3) a system of
distributing pipes with the proper control valves; and (4) Indicating
or recording equipment to show that the necessary percentage of
inert gas is in the system. These are the essential parts of every
inert-gas system.

As previously pointed out, it may be necessary when easily con-
taminated material is being ground to provide apparatus to clean,
cool, or otherwise condition the gas to prevent any injuricus effect
upon the product. When the gas is obtained from boilers using coal
or oil with a high sulphur content, additional equipment may be
required to remove or neutralize the fumes which, when they con-
dense, produce an acid that attacks the metal pipes and equipment
through which the gas passes. When inert gas is obtained from:
boilers some distance from the mill in which the gas is to be used,
it will probably be unnecessary to use any cooling apparatus other
than the pipe line through which it passes. In the experimental
plant the iron pipe carrying the gas from the boiler to the mill was
Iaid on the ground, and the passage of the gas through this pipe
veduced the temperature to approximately that of the atmosphere at
the mill. No cleaning equipment has been negessary at the experi-
mental plant or in the systems in operation at ard-rubber grinding,
corle grinding. and pyrethrum-flower grinding mills, although in
one industrial plant the flue gases pass through cinder-vane fan
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before entering the breeching from which they are drawn by the fan
of the inert-gas-distributing system. At the experimental plant no
damage to the pipe line or equipment from the sulphur fumes has
been detected. In ome of the industrial systems, however, it was
evident that the gnlvanized-metal pipes used for distributing the
gas were being attacked. Such diﬂila):ulties can usually be overcome
through temperature control either by maintaining the gas at a tem-
perature sbove the dew point until it has passed through the system
or by cooling, condensing, and collecting the motsture it contains.
When such measures are not practicable or effective, the gas may be
passed through a neutralizing spruy, or in place of the fan which gen-
erally forces the gas through the distributing system a pump of the
hydroturbine type may be used. It is believed that substituting a
neutralizing liquid for the water generally used in such pumps will
overcome many, if not all, of the giﬂiculties caused by seid fumes.
Another solution of this problem which has been found effective
in one of the industrial systems is to line the distributing pipes with
rubber. A sgecial roduct which can be employed for this pur-
pose is manufactured, and in addition there is on the muarket hard-
rubber pipe and fittings which can be used where acid fumnes are
especially annoying and where they can not be removed or neutral-
ized effectively. Tn the inert-gas systems now operating no great
difficulty has been experienced because of sulphur fumes in the gas,
and in view of the various methods of counteracting or preventing
the acid action of such fumes no concern need be felt on this score.

DESIGNING AN INERT-GAS SYSTEM FOR EXPLOSION PREVENTION
IN INDUSTRIAL.PLANTS

Where a steam-power plant is opernted in connection with a mill
or factory, designing and installing inert-gas equipment for explosion
protection is comparatively simple. As a rule, it can be safely as-
sumed that in such plants sufficient inert gas to provide the protee-
tion desired is available in the flue gases going to waste up the
chimney, but it is advisable to study thoroughly all the factors in-
volved. Whether the gas is to be obtained from a source already
available or from gas-producing apparatus to be installed with the
other equipment, the following factors should be carefully consid-
ered: (1} Quantity of air which normally enters the machines or
equipment, (2} reduction of oxygen necessary to prevent explosions,
{3) oxygen percentage of the gas used to create the inert atmosphere,
(4} quantity of gas required, (3} availability of the required quantity
of gas, (6) the gas-conditioning equipment, if any, and (7) the gas-
distributing system.

NORMAL AIR REQUIREMENTS

The volume of air entering the machines or other eﬁuipment into

which it is planned to introduce inert gas should be determined in
cubie feet per minute. In storage bins and in packing, conveying, or
elevating machinery which do not receive a supply of inert gas with
the feed or material coming from the mills, the normal air leakage
or rate of air change per minute represents the volume of air to be
considered. This determination can be made by actual measurement
or by computation. Some manufacturers of machinery supply these
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data. In mnnr grinding systems the air taken in by the mill repre-
sents the tofal quantity to be considered, since the natural drafts
created by the operation of the mill place the air in the equipment
following nunder slight pressure so that any leakage is outward and
the infiltration of fresh air which would weaken the inert mixture
is prevented, The attrition mill at the experimental plant required
normally about 180 cubic feet of air per minute when no provision
was made for recirculation. Some attrition mills have required as
mach as 1,200 cubic feet of air per minute.

These figures are given only to indicate the range which might be
expected, and should not. be used even as an approximation where an
analysis of air requirements is being made. The speed of the mill,
the type and quantity of material being ground, and the construc-
tion as well as the arrangement of the machine must all be consid-
ered. Actual mensurements should be made or test data of the manu-
facturers should be used to determine the air requirements, and when
any doubt exists it should be remembered that it is better to have
too much inert gas than not enough.

NECESSARY REDUCTION OF OXYGEN

The percentage of inert gas or the reduction of oxygen necessary
to prevent ignition or explosion of the material being handled should
be accurately determined. Table 1 indicates the percentage to which
the oxygen of the air must be reduced by the addition of inert gas in
bhandling the materials listed. In other words, for each material
suflicient inert gas must be introduced into the atmosphere within
the mill to reduce the oxygen from approximately 21 per cent, the

uantity normally present in fresh air, to the percentage given in
the foilowing tabulation:

TanLy 1.—Percenlage of ozygen necessary fo precent an ezplogion

[ -
Dfnterind {Orygen REaterinl Qxygen

WWhite doxteino (3)-..- 12 Bard-rubher dust (5}

Whent starch (8 .- | Cork dust?

Wheitk-, vorn-, or out-glavaior dust (5. Pyrethrm-lower dust ..._
Pitdshatirgh coal dust (9o oae s 4 Qronnd unt hulls s

21 ET 14331 0 £ PP !

3 Porcentages determined by T W, Edwarnds and R, W, Harrison,

The figures given above are the results of laboratory experiments
andl may be considered accurate for average plant-opeinting con-
ditions.  When any unusual or unexpected conditions exist, the per-
centage of oxygen shonld be reduced below the firure given in order
to guard against possible dust ignitions.

OXYGEN PERCENTAGE OF GAS

If the oxygun or combustible content of the boiler-flue gas or other
£as to be uged in reducing the percentage of oxygen in the atmosphere
within the milling system is not known, an analysis should be made
to determine it, When boiler-flue gas is to be used this information
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can be obtained by analyzing representative samples with an Orsat or
other apparatus suitable for pas analysis. A sufficient number of
analyses should be made to obtain a fair average reading. When gas-
producing cquipment is employed, the quality of gas vequired under
specified operating conditions is usually indicated and guaranteed
by the manufacturers.

QUANTITY OF GAS REQUIRED

With the dota obtained in the three preceding determinations, the
quantity of gas necessary tor explosion protection ean be caleulated,
Assnme that the fvst determination showed that a certain mill or
piece of apparatus requires 200 cubic feet of air per minute. Assume
that the second determination showed that the oxygen percentage in
the aiv used by the machine must be reduced te 12 per cent in order
to prevent explosions of the material being handled. Assume that
the third determination showed that the flue gas to be used in
reducing the oxygen percentage containg 10 per cent carbon dioxide,
11 per cent oxygen, and 79 per cent nitrogen.
Let a=cubic feet of fresh air.
f=cubie feet of flue gus,
g=percentage of oxygen in the flue gas.
b=percentage of oxyuen permitted in the mixtare.
e==percentage of oxygen in fresh alr,
Then, ¢+ y=total quuntity of gas und slr or, as assumed, 200 cubic feet.
=11
h=12
c=21, the pereentage normally present in fresh air,
Now, cotay=bti{z1y)
Substituting the valnes assumead:
21l H11p =12 {200) Subtracting (2) from (1)
=2.400 (1) 10z =200
but, o+ =200 o =20
nand, 11z-+11y=2200 (2) Substitutag in 24-y=200
# =180
Thercfore in order -to obtain 200 cubic feet of a mixture of gas
and air containing 12 per cent oxygen by mixing fresh air and flue
s containing 11 per cent oxygen, it will be necessary to use 20 cubie
feet of fresh air and 180 cubic feet of flue gas.

If carbon monoxide is present in the flue gas it will be necessary
to recdluce the oxygen percentage slightly below that indicated for
the various materials Listed in the tabulation on page 17 in ovder to
overcome the increased explosibility of the mixture caused by the
presence of a combustible gas.

By mecans of the curves in Figure 5 the number of cubic feet of
flue @as it is necessary to use with fresh air to obtain a mixture con-
taining the desired percentage of oxygen can be determined without
computation. Locate on the base line of the chart or the axis of
abscissas the line marked 11, which represents the oxygen per-
centage of the flue gas to be used, follow it vertically to its inter-
section with the curve marked 12 per cent, which represents the
percentage of oxygen permitted in the gas-and-air mixture, and then
read the figure at the corresponding height on the left margin of
the chart or the axis of ordinates, which in this case is 90, the number
of cubic feet of gas for each 100 cubic feet of gas-and-air mixture
required. Since 200 cubic feet of the mixture is the quantity which
it 15 assumed is necessary, multiply 90 by 2, which gives 180 cnbic
feet, the quantity of flue gas containing 11 per cent.oxygen which
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must be used to obtain a gas-and-nir mixture containing 12 per cent
oxygen.

Vhen it is impossible to contro] the entire quantity of air enter-
ing the machines or used in the process where the explosive dust is
created or handied. the problem of obtaining an inert atmosphere
is somewhat different from the foregoing. Under such cireumstances
the problem becomes one of determining the quantity of gas which
must be added to the stated quantity of fresh air in order to form a
mixture containing a percentage of oxygen low enough to prevent
combustion or ignition of the product being haundled, instead of
determining simply the proportion of gas and fresh air vequired in a
mixture which will prevent a dust explosion.

Tt is assumed, for example, that the dux is drawn or fed into a
machine, hopper, or pipe line from an open room or chamber where
it is necessary for employees to work. It is therefore impossible to
maintain in this room an atmosphere deficient in oxygen. It is
assumed further that 100 eubic feet of fresh air per minute enters

Frvy
g

90

A

ao

-
]

Cubic feet of gas

3 4 5 6 7 0 900 & B, MG KT IBEXN
Percentage of oxygen in the flue gas

¥1e, S~~Number of cubic (cet of ue g8 af varlons qunlitles it is necessary to use
Wikl freeh.sir to obiuin 100 cubic fect of o mixture comtnlning o deslred pee-
wentuge of oxXyEen

the machine or other equipment with the dust or product being han-
dled, 12 per cent is the point to which the oxygen must be reduced to
prevent explosions, and 10 per cent oxygen is present in the flue gas
used to create the inert atmosphere. As in the previous example:

I.et  z=cubic feet of fresh nir.
y=cubic fect of fAue gus,
a=percentage of oxyren in the flue gas.
t=percentage of oxygen permitted in the mixture.
e=percentage of oxygen in fresh air.
r+p=total quantity of gas and air.
In this case ¢ has been assumed to be 100 cubie feet.
Thien, 100+ y=totul quintity of gas and air requived,
a=10
=12
¢=21, the percentage normally present iu fresh air.
Now, cotay=hi{zt¥).
Substitnting the values nssumed,
212 100 10y=12 (1004 1)
2,100+ 10y~=1.2004-12y
2u=0900
=450
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Therefore in a system in which it is necessary to use 100 cubic
feet of fresh air per minute 450 cubic feet of flue gas containing 10
per cent oxygen must be introduced in order to rednce the oxygen
content of the mixture to 12 per cent.

The curves in Figure 6 show without caleulation the quantity of
gas required under varicus conditions. Under the conditions given
1n the foregoing example locate on the base line or gxis of abseissas
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the line marked 10, which represents the percentage of oxygen in
the flue gas to be used, follow it vertically to its intersection with
the curve marked I2 per cent, which represents the percentage of
oxygen perntted in the mixture, and read at the corresponding
height on the left margin or uxis of ordinates the number of cubic
feet, in this cuse 450, which must be added to every 100 cubie feet of
fresh air to provide an inert atmesphere,
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QUANTITY OF GAS AVAILABLE

After the quantity of flue gas requived to provide an atmosphere
which will prevent an explosion of the product being handled has
been determined, if there is any question concerning the possibility
of obtaining sufficient inert gas from the boilers or furnaces bein
used, the quantity of gas produced can be determined by actuzﬁ
measurement or calenlated approximately from the results of the
flue-gns anatysis, the carbon percentage of the coal, and the quan-
_ tity of coal burned, since—

| rl'l' 1 " i - H _— _..__%E—_—.—

Weight of air supplied per pound of coal (002+00)0,
and the weight of the products of combustion will be equal to the
weight of air supplied per pound of coal plus the weight of the coal
minus the ash. In t&ﬁs equation {Q, and €O are the percent-
ages by volume of these gases as found in the flue-gas analysis, and ¢
is the percentage by ‘weight of the total carbon in a pound of coal.
Since each pound of flue gas at room temperature occupies approxi-
mately 18 cubic feet, the weight of the products of combustion ob-
tained by this formula multiplied by 13, and this result multiplied by
the number of pounds of coal burned per minute gives the quantity
of flue gas available. It should be remembered that the volume
increases with a rise in temperature, and if the gas is to be used at
higher temperatures the weight of the products of combustion should
be multiplied by the number of cubic feet in a pound of the gas at
the desired temperature. Where only a rough estimate is necessary
it may be considered that 1 pound of fuel will produce 200 cubic
feet of flue gas.

In plants where boiler-flue gas is not available, determination of
the quantity of inert gas required will serve as a basis on which
to estimate the size of the gas-producing equipment required.

GAS-CONDITIONING EQUIPMENT

The necessity of using conditioning equipment depends entirely
upon the material being handled. In the experimental plant and in
factory installations for hard-rubber grinding and corlk grinding no
conditioning equipment has been found necessary. If flour or any
other casily contaminated food prodact is being handled and condi-
tioning apparatus is necessary to clean the flue gas, a spray washer or
colce scrubber can be constructed and placed in the line, or the neces-
sary equipment can be purchased from manufacturers of air-condi-
tioning cquipment, who will furnish or design and build apparatus
to condition the quantity of gas required for the various ma-
chines. When spray washers are used, ubout 400 cubic feet of gas
per minute can be cleaned in each square foot of cross-sectional area
through the spray chamber. Approximately 5 gallons of water are
required to clenn 1.008 cubic feet of gas per minute. When cleaning
apparatus is used, provision can be made to remove or neutralize dur-
ing the washing any acid fumes in the gas and thus prevent any
damage which they might cause to the equipment or distributing

pipes.
GAS-DISTRIBUTING EQUIPMENT

Equipment for distributing the gas to the various machines con-
sists of & fan, blower, or compressor, and piping. In the experi-
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mental plant a positive-pressure blower and iron pipes were used.
In most of the industrinl systems an exhauster fan of the ordinar
type, and galvanized or plain sheet-metal pipes have sufficed. The
selection of the size of the fan should be left to the manufacturers
of the fan since they have test data which enable them to select the
size which will meet the requirements. The piping should be :uch
that the cross-sectional arcas ot the various branch lines leadiisy to
the machines are proportional to the quantity of gas they are to earry.
The combined aren of the branch pipes must be equal to the cross-
sectional area of the trunk line carrying the gns from the fan. It
will probably be better under certain conditions to use a compressor
and small pipes to carry the gas to the machines. Here again the
compressor and the size of the piping depend upon the quantity
of gns to be used und should be based on the manuglcturer’s ratings,
In every system it is advisable to have valves in all branch pipes in
order to regulate the flow of gus to any particular machine.

CONCLUSIONS

As a result of the experimental work and the observations made
during actual operation of inert-gas systems in industrial plants,
the value of inert gus as o means of preventing dust explosions has
been so well demonstrated that its use should be seriously considered
wherever nn explosion hazard exists which can not be controlled
through the elimination of the dust cloud or the source of ignition.
The use of inert gas is particularly recommended in grinding, bolting,
or any phase of a manufacturing process where an explosive dust is
produced or handled within an nclosed piece of equipment.

Although the investigation described in this bulletin was confined
to the determination of the value of inert gns as 2 menns of preventing
dust explosions during the grinding of oat hulls, the experimental
work suggested many other possible uses for inert gas and additional
lines of investigaiion,

Two fires within the experimental plant were extinguished b
openingr the valves and flooding the inclosure with flue gas. A mod-
ern development of this fire-extinguishing principle has been the
storagre of compressed inert gas in tanks with distributing pipes
which lead to the most likely sources of fire and quick-acting valves
to release the gns. Such equipment has been employed for fighting
fires on ships and has been adapted for factory fives, especially in
factories where flash fires nre liable to occur during the use of oils,
solvents, or other inflammable liquids. It has been used also as &
means of extinguishing fire in mines (7). A portable extinguisher
consisting of a small tank of carbon dioxide under pressure has
recently been placed on the market.

Inert gns. especially carbon dioxide, hns many advantages over
other five-fighting mediums since it will not injure metals, fabrics,
food producets, or other perishable materials. Tt does not freeze or
deteriorate, and as it does not conduct electricity it can be used to
extingruish fires in clectrical equipment. Carbon dioxide leaves no
resiclue, which is a distinct advantage, since frequently the residue
or dumnge caused by the extinguishing medium constitutes the
greater part of the total loss. These advantages indicate that there
18 & promising field for inert gus as a fire-fighting medium as well
as for expiosion prevention.
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