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Matheson takes pride and satisfaction in publishing the new
sixth edition of the Matheson Gas Data Book. Thirty five years
ago, Matheson offered 14 different gases. Today, Matheson
offers well over 100 different gases to the world’'s entire sci-
entific community whose needs have made this market the
most sophisticated and dynamic market in the world. Matheson
has tried to keep pace with this market's growth, and over the
last thirty-five years we have been asked a lot of questions
concerning gases. The Matheson Gas Data Book answers most
of these questions in compiling as much information relating to
gases without entering the realm of an engineering handbook.

The sixth edition of the Matheson Gas Data Book is, like
previous editions, a compilation of individual gas data sheets.
It is similar to previous editions in that some general information
is presented in Appendices | and Il relating to “‘General Pre-
cautions In Handling and Storage’’, and ‘‘Disposal Of Leaking
Cylinders''. We realize that this involves some repetition in the
text, especially when the data cover similar gases. But we think
that when you are interested in a specific gas, you want to

PREFACE

know all about the gas as quickly and directly as possible. We
are of the opinion that this type of presentation accomplishes
this objective. Matheson offers a comprehensive data sheet on
any gas available from the company, as well as some not
available. Therefore, if you wish to distribute copies of any
individual data sheets, simply contact Matheson and inquire
about reprints.

This sixth edition differs from previous editions in that con-
siderably more physical and thermodynamic data are reported
(in Sl units), as well as expanded sections on the effects in
man, toxicity, and first aid suggestions.

The authors wish to thank Mrs. Augusta Braker for her kind
assistance and expertise in the compilation of this 6th edition.

William Braker
Allen L. Mossman
December, 1980
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Safe Handling
of Compressed Gases
in Laboratory and Plant

Before we are allowed to drive a car, most states require proof of our ability to drive. To become a proficient and safe driver,
one must have skill, judgment, and driver education. We do not always consider that we are performing a hazardous operation by
driving a car, yet the fact remains that many people are killed or hurt every day as a result of carelessness in handling this
machine. Although the safety record of the compressed gas industry is excellent, the questions raised by the users of gas
products, and the accidents that these same users are involved in, show that many of them have neither learned nor applied the
safety measures which would earn them their ‘‘compressed gas handler’s license’'.

When handled by people who are properly trained and aware of the potential hazards, compressed gases are as safe to work
with as most of the ordinary chemical liquids and solids normally handled on a routine basis in any laboratory.

Cylinder safety is addressed by the supplier through his adherence to regulations set forth by the Dept. of Transportation and
by his supplying cylinders with specific valves, labels and/or markings in accordance with recognized standards. It is mandatory
for the supplier to ship cylinders manufactured in conformance with Department of Transportation (DOT) regulations and to follow
DOT regulations in the testing and inspection of cylinders, the proper filling of these cylinders, and the use of safety devices which

are approved by the Bureau of Explosives (1).

A compressed gas is defined by the Department of Transportation as ‘‘any material or mixture having in the container either an
absolute pressure exceeding 40 pounds per square inch at 70 °F, or an absolute pressure exceeding 104 pounds per square inch
at 130 °F, or both; or any liquid flammable material having a Reid vapor pressure exceeding 40 pounds per square inch at 100

°F *(2) (3).

For the purposes of safety, all volatile materials and mixtures packaged in cylinders should be considered compressed gases.

HAZARDS

The handling of compressed gases is more hazardous than
the handling of liquid and solid material because of the following
properties unique to compressed gases: pressure, diffusivity,
low flash points for flammable gases, low boiling points, and
no visual or odor detection of many hazardous gases.

These unique properties give rise to many hazards such as
formation of explosive concentrations of flammable gases,
toxicity, other physiological effects, frostbite, corrosion, irrita-
tion, and high reactivity.

CYLINDER TESTING

Hydrostatic pressure tests are performed on cylinders for
most gases every five years to determine their fitness for further
use. During the hydrostatic test, a cylinder is pressurized with
water to a value determined by the cylinder specification and
service pressure. The cylinder expands under this pressure.
The expansion of the cylinder and the value of permanent
expansion after the pressure is released are recorded. Toler-
ances on these values must be met in order to permit further
use of the cylinder. These values also allow the wall thickness
of the cylinder and the degree of corrosion affecting the walls
to be estimated (4) (5).

CYLINDER FILLING

Nonliquefied gases may be filled to the service pressure
marked on a cylinder. These markings will appear on the
shoulder of the cylinder, i.e., DOT 3A-2 015, indicating the
cylinder has been manufactured in accordance with DOT spec-
ification 3A, and the cylinder filling pressure is 2 015 psi at 70
°F. At present, DOT regulations on nonliquefied, nonflammable
gases permit a 10% overfilling of cylinders. Liquefied gases,
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on the other hand, must be filled to a filling density (1). This
filling density represents the maximum weight of the material
permitted in the cylinder, as a percentage of the water capacity
of the cylinder.

Since compressed gas cylinders are handled by a number of
different types of plant personnel, it might be well to consider
the precautions in handling to be taken from the time it is
delivered until the time it is emptied and ready for return.

CYLINDER RECEIPT AND CONTENT IDENTIFICATION

When a cylinder is delivered to the receiving department, it
should have (1) content identification by stencilling or labels,
(2) a DOT label, and (3) a value protection cap. UNDER NO
CIRCUMSTANCES should the means of identification be re-
moved from the cylinder. The valve protection cap (Fig. 1)
should also remain in place until the user has secured the
cylinder and is ready to withdraw the contents.

Fig. 1
Cylinder Values Must Be Protected




DOT labels are required for cylinders in interstate transporta-
tion. Some states require these labels for intrastate shipments
also. These labels have a minimum of precautionary handling
information, and will classify the cylinder contents as flammable
gas, nonflammable gas, poison gas, corrosive gas, oxidizer
gas, etc. Unfortunately, there is as yet no uniformity in the
identification of cylinder contents, although a standard for
marking compressed gases is available (6). Some suppliers
provide adequate stencilling or labels with as much information
on them as possible, warning against possible hazards asso-
ciated with the cylinder contents. On the other hand, cylinders
may be received with no identification other than a color code.
Under no circumstances should such cylinders be accepted.
Color codes are of value only in helping the supplier to segre-
gate large numbers of cylinders into various gas services.

CYLINDER STORAGE(7)(8)(9)(10)

After cylinders are received, they are usually placed in stor-
age either in a special gas storage area or in the laboratory
itself. Some plants have elaborate gas storage areas provided
In a separate building or in part of the laboratory. Storage
buildings or areas should be (a) fire resistant, (b) well-venti-
lated, (c) located away from sources of ignition or excessive
heat, and (d) dry. Indoor storage areas should not be located
near boilers, steam or hot water pipes or any sources of
ignition. Outdoor storage areas should have proper drainage
and should be protected from the direct rays of sun, in Iocalities;
where high temperatures prevail (Fig. 2).
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Fig. 3
Stabilize Cylinders
Model 6512 Cylinder Station

GENERAL PRECAUTIONS
FOR HANDLING & STORAGE

1. Never drop cylinders or i i
' permit them to strik
violently. (Fig. 4) 10 P

Fig. 4
Don’t Drop
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4. Avoid dragging, rolling, or sliding cylinders, even for a short

distance. They should be moved by using a suitable hand
truck (Fig. 5).

Fig. 5
Transport Correctly

5. Never tamper with safety devices in valves or cylinders (Fig.
6).

6. Do not store full and empty cylinders together. Serious
suckback can occur when an empty cylinder is attached to
a pressurized system.

7. No part of a cylinder should be subjected to a temperature
higher than 125°F. A flame should never be permitted to
come in contact with any part of a compressed gas cylinder.

Fig. 6
Never Tamper with Safety Devices in Cylinders or Valves

8. Do not place cylinders where they may become part of an
electric circuit. When electric arc welding, precautions must
be taken to prevent striking an arc against a cylinder.

INTRAPLANT TRANSPORTATION

When moving cylinders from a storage area into the plant or
laboratory, make sure the valve protection cap is in place. The
cylinder should then be transported by means of a suitable
hand truck such as that shown in Figure 5. Such a hand truck
should be provided with a chain or belt for securing the cylinder
so that it cannot fall if the hand truck happens to pass over a
bump. If a large number of cylinders must be moved from one
area to another, a power device such as shown in Figure 7 can
be used.

A number of different devices have been developed for
transporting groups of cylinders. All incorporate some means
of securing cylinders to prevent them from falling over (for
example, an adjustable chain or special saddle, designed to
cradle cylinder) (9). When the cylinder is brought to its place
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Fig. 7

of use in the laboratory or plant, it should be secured to a wall,
a bench, or some other firm support. A plain chain or a bench
clamp and belt (Matheson Model 508 cylinder holder) should
be used. In all cases make sure that the chain or belt is located
high enough on the cylinder body so that the cylinder cannot
possibly tumble out of it (Fig. 8). Figure 8 shows the special
Matheson Model 6501 stand. This stand is adaptable to a
number of different size cylinders by means of an adjustable

Fig. 8
Model 6501 Cylinder Stand

support strap. Although a stand is not as effective as securing
a cylinder to a wall or bench, it does improve cylinder stability
in situations where other types of support are impractical. Once
the cylinder is secured, the cap may be removed, exposing the

valve.

CYLINDER VALVES

Figure 9 shows four basis types of cylinder valves. They
each differ in outlet type and safety device. The Compressed
Gas Association (CGA) has standardized various outlets for
different families of gases to prevent interchange of regulator
equipment between gases which are not compatible. These
standards have also been adopted by the American National
Standards Association (ANSI) (11). The use of adapters defeats
the intent of varying outlet designs, and adapters should be
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used with care only on gases definitely known to be compatible.
Equipment for certain gases, such as Oxygen, should never be
interchanged for use on other compressed gases. Gases which
are oil-pumped can cause an oil film to coat the internal parts
of regulators and associated equipment and, if this equipment
is then used with Oxygen, a fire or explosion is liable to occur.

CYLINDER SAFETY DEVICES

Safety devices are incorporated into all DOT approved com-
pressed gas containers, except those in poison or toxic gas
service, where the danger of exposure to fumes is considered
more hazardous than that of a potential cylinder failure. Gases
for which safety devices are not permitted usually require
cylinders having a higher safety factor than do cylinders for
other compressed gases

Safety devices are incorporated in the cylinder valve, in
plugs in the cylinder itself, or both. In certain types of gas
service, and in cylinders over a particular length, two safety
devices may be required, one at each end of the cylinder.

The safety devices used in DOT approved cylinders are
approved by the Bureau of Explosives (12). These safety
devices are of four basis types as follows: (1) Safety relief,
used mostly for low pressure, liquefied, flammable gases, (2)
frangible disc, used mostly for high pressure cylinders, (3)
frangible disc backed up by a fusible metal, used in high

pressure cylinders, and (4) fusible metal. The safety relief type
consists of a spring-loaded seat which opens to relieve exces-
sively high pressure and then closes when the pressure returns
to a safe value. The frangible disc will burst considerably above

the service pressure but below or at the hydrostatic test pres-
sure of a cylinder, and will release the entire cylinder contents
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KNOW THE GAS YOU WILL BE HANDLING

It is of the utmost importance that those properties of ;
compressed gas that represent hazards (such as ”ammabimy
toxicity, chemical activity, and corrosive effects) be we|| knowr;
to the gas user. Every attempt should be made to learn these
various properties before the gas is used. It is SOMetimes
difficult to determine the major hazard of any one 9as, since
this factor is influenced a great deal by how the gas js used. |n
a laboratory hood in the presence of an open flame, the
flammability of Carbon Monoxide might well be the maior
hazard, whereas in a pilot plant run using Carbon Monoxide as
a reactant, leakage, and therefore toxicity, may represent the
major hazard.

It is interesting to note in Figure 10 the flammability ranges
of various gases (13). Although the flammability ranges of the
liquefied petroleum gases such as Butane and Propane are
relatively short, only very small concentrations are necessary
to create flammable mixtures. The flammability ranges of Acet-

FLAMMABLE GASES

LIMITS OF FLAMMABILITY IN AIR

ACETYLENE
AMMONI A

BUTANE
ISOBUTANE
BUTENES

PROPANE

CARBON MONOXIDE
CYCLOPROPANE
ETHANE

ETHYLENE
ETHYLENE OXIDE
HYDROGEN
HYDROGEN SULFIDE
METHANE

METHYL CHLORIDE

METHYLAMINE

(o} 0 20 30 40 50 60 70 80 90 KO
GAS % IN AiR GAS MIXTURE

Fig. 10

;Le;:,ygraorb;)n Monoxide, Ethylene Oxide, Hydrogen Sulfide,
explosive riixnt ki EX?remle,y long, indicating that they can form
Along with trl;lres With Air under a wide variety of conditions.
know what mate Properties of different gases, it is important to
i erials Qf construption must be used with many
important faCt:nt equmem failure due to corrosion. Another
concerns the j . e ChO'C? of materials of construction
Such as Acet TjZSSIble formation of hazardous compounds,
Acetylene or aHden formgq by the reaction of copper with
gases containing Acetylene as an impurity (14),

or the - :
e Possible formation of fulminates when Mercury is used
N the presence of Ammonia.
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The hazards of toxic, flammable, and corrosive gases can
be minimized by working in well-ventilated areas. Where pos-
sible, work should be done in a hood, employing cylinder sizes
that will assure use of all the gas within a reasonable amount
of time (Fig. 11).

Leaks should not be allowed to go unchecked. The use of a
suitable leak detector is advised (Fig. 12). Advise the supplier
immediately of cylinder leaks that cannot be stopped by simple
adjustments, such as tightening a packing nut.

© et e o 27 |
s LEAK Dittcroy |

Fig. 12
Model 8017 Leak Detector

When using toxic gases, it is advisable that a toxic gas
detector or indicator be used to give warning of the presence
of toxic gas concentrations. For example, strips of lead acetate
paper can be hung in an area where Hydrogen Sulfide is being
used. Although this gas has a disagreeable odor, it soon
deadens the sense of smell, rendering the user incapable of
detecting increasingly dangerous concentrations by odor.

When corrosive gases are being used, the cylinder valve
stem should be worked frequently to prevent freezing. The
cylinder valve should be closed when the cylinder is not in use.
Regulators and valves should be flushed with Dry Air or Nitro-
gen after use in corrosive service. Such control devices should
not be left on a cylinder, except when the cylinder is in frequent
use. When corrosive gases are to be discharged into a liquid,
a trap, check valve, or vacuum break device should always be
employed to prevent dangerous suckback (Fig. 13).

g@!atheson'

“PREVENTATIVE PREPAREDNESS"”’
IN THE PLANT OR LABORATORY

The user of compressed gases should familiarize himself
with the first aid methods to be employed in cases of overex-
posure or burns caused by a gas. A plant or company doctor
should be familiar with whatever further treatments may be
necessary. Unnecessary delay in the treatment of a patient
overcome by a toxic gas or burned by a corrosive gas could
cause the patient permanent damage, and might even result in
death. Authorized personnel should administer first aid; how-
ever, they should not take it upon themselves to administer
medical treatments. A physician should be contacted immedi-
ately.

Gas masks should be kept on hand in a location which is
accessible in case an area becomes contaminated. The proper
type of gas mask should be used and those involved in the
handling of compressed gases should familiarize themselves
with the proper application and limitations of the various types
of masks and respiration equipment available.

To prevent eye damage due to equipment failure, safety
glasses should always be worn when working with compressed
gases.

Eye-baths and safety showers should be located nearby, but
out of the immediate area which is likely to become contami-
nated in the event of a large release of gas.

Fire extinguishers, preferably of the dry chemical type,
should be kept close by, and should be checked periodically
to insure their proper operation.

PROPER DISCHARGE OF CYLINDER CONTENTS

LIQUEFIED GASES

For controlled removal of the liquid phase of a liquefied gas,
a manual valve is used (Fig. 14). Special liquid flow regulators
are also available. It must be remembered that withdrawal of
liquid must necessarily be done at the vapor pressure of the
material. Any attempt to reduce the pressure will result in
flashing of all or part of the liquid to the gas phase.

Rapid removal of the gas phase from a liquefied gas may
cause the liquid to cool too rapidly causing the pressure and
flow to drop below the required level. In such cases, cylinders
may be heated in a water bath with temperature controlled to
no higher than 125 °F. Rapid gas removal can also be effected
by transferring the liquid to a heat exchanger, where the liquid
is vaporized to a gas. This method imposes no temperature
limitations on the material; however, care should be taken to
prevent blockage of the gas line downstream of the heat
exchanger as this may cause excessive pressure to build up in
both the heat exchanger and the cylinder. Safety relief devices




Fig. 14
Manual Needle Valve

should be installed in all liquid transfer lines to relieve sudden,
jangerous hydrostatic or vapor pressure build ups.

NONLIQUEFIED GASES

The most common device used to reduce pressure to a safe
value for gas removal is an automatic pressure regulator. This
device is shown in Figure 15. It consists of a spring (or gas)
loaded diaphragm which controls the throttling of an orifice.
Delivery pressure will exactly balance the delivery pressure
spring to give a relatively constant delivery pressure.

Fig. 15
Automatic Pressure Regulator
Model 3104

AUTOMATIC REGULATOR HANDLING AND USE

A regulator should be attached to a cylinder without forcing
the threads. If the inlet of a regulator does not. f|'t the cylinder,
no effort should be made to try‘ to forpe the fitting. A poor fit
may indicate that the regulator is not intended for use on the
gas chosen. |

The following procedure should be used to obtain the re.
quired delivery pressure: (1) After the regulator has been
attached to the cylinder valve outlet, turn the delivery pressure
adjusting screw counterclockwise until it turns freely. (2) Open
the cylinder valve slowly until the tank gauge on the regulator
registers the cylinder pressure. At this point, the cylinder
pressure should be checked to see if it is at the expected
value. A large error may indicate that the cylinder valve is
leaking. (3) With the flow control valve at the regulator outlet
closed, turn the delivery pressure adjusting screw clockwise
until the required delivery pressure is reached. Control of flow
can be regulated by means of a valve supplied in the regulator
outlet or by a supplementary valve put in a pipeline downstream
from the regulator. The regulator itself should not be used as
a flow control by adjusting the pressure to obtain different flow
rates. This defeats the purpose of the pressure regulator, and
in some cases where higher flows are obtained in this manner,
the pressure setting may be in excess of the design pressure
of the system.

TYPES OF AUTOMATIC REGULATORS

The proper choice of regulator depends on the delivery
pressure range required, the degree of accuracy of delivery
pressure to be maintained, and the flow rate required. There
are two basic types of automatic pressure regulators: (1) single
stage and (2) double or two stage. The single stage type will
show a slight variation in delivery pressure as the cylinder
pressure drops. It will also show a greater drop in delivery
pressure than a two stage regulator as the flow rate is increased
as well as a higher “lock-up’’ pressure (pressure increase
above delivery set point necessary to stop flow) than the two
stage regulator. In general, the two stage regulator will deliver
a more constant pressure under more stringent operating con-
ditions than will the single stage regulator.

MANUAL FLOW CONTROLS

Where intermittent flow control is needed and an operator
will be present at all times, a manual type of flow control may
be used. This type of control (illustrated in Figure 14) is simply
a valve which is operated manually to deliver the proper amount
of gas. Fine flow control can be obtained but it must be
remembered that dangerous pressures can build up in a closed
System or in one that becomes plugged, since no means are
provided for automatic prevention of excessive pressures.

MATERIALS OF CONSTRUCTION

Aside from the type of control required, the proper material
of construction must be considered. For example, intergranular
attack of brass will occur in Ammonia or Methylamine service.
In such cases, steel or aluminum are used as materials of
construct?on for regulators or valves. The proper materials of
construction must be carried through for all pipe lines, valves,
and other accessories being used in the gas system.
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SAFETY DEVICES

It is necessary to provide further supplementary safety de-
vices to prevent overpressurizing of lines, and to prevent suck-
back of materials into cylinder controls, and possibly the cyl-
inder itself. Aside from the possibility of causing rapid corro-
sion, the reaction of a gas with material that has been sucked
back may be violent enough to cause extensive equipment and
cylinder damage. The danger of suckback can be eliminated
by providing a trap (12) which will hold all material that can
possibly be sucked back, or by using a check valve or suitable
vacuum break. Pressure increases due to uncontrolled reac-
tions or unexpected surges of pressure can be relieved by
means of a safety relief device installed in the gas line. For
experiments conducted in glassware, such a pressure relief
device can be improvised by using a U-tube filled with mercury
or other inert liquid, with one end attached by means of a “‘T"
to the gas line, and with the other end free to exhaust into an
open flask which will contain the mercury in case of overpres-
sure. For systems, under higher pressure, devices such as
spring-loaded relief valves or frangible discs are recom-
mended.

DETERMINATION OF CYLINDER CONTENT

NONLIQUEFIED GASES

As the content of a cylinder of nonliquefied gas is discharged,
the cylinder pressure decreases by an amount proportional to
the amount withdrawn. The cylinder should be considered
empty while positive pressure (25 psig or greater) still remains
in order to prevent suckback and contamination. Failure to
close the valve on an empty cylinder will allow air and moisture
to be drawn into the cylinder as it ‘‘breathes’’ during temper-
ature changes; an explosive mixture may build up if the gas is
flammable; and an extremely corrosive condition will be created
in cylinders which contain Chlorine, Hydrogen Chloride, or
other acid forming or corrosive gases.

LIQUEFIED GASES

As the vapor phase of a liquefied gas is withdrawn from a
cylinder, the cylinder pressure or vapor pressure will remain
constant as long as any liquid is present. This condition holds
true if the temperature does not vary. If, however, the material
is withdrawn from the cylinder at a rapid rate, the material itself
will supply the heat for vaporization and upon subsequent
cooling, the vapor pressure will be lowered. 1t is, therefore,
impossible to determine the content of a cylinder containing a
liquefied gas, except by weighing. For this purpose, the Mathe-
son Cylinder Scale Model 8510 is recommended (Fig. 16).
Cylinders containing liquefied gases are stamped or tagged
with the tare weight in order to allow the content to be deter-
mined.

An indication of cylinder content depletion for some high
pressure liquefied gases such as Carbon Dioxide, Ethane, and
Nitrous Oxide can be obtained by noting the cylinder pressure.
After depletion of the liquid phase, the cylinder pressure will
decrease below the normal vapor pressure, as long as the
contents have not been withdrawn rapidly before the cylinder
pressure is noted. A cylinder containing Carbon Dioxide will
have approximately 20% of its original content remaining after
depletion of the liquid phase.

As with cylinders of nonliquefied gases, cylinders containing
liquefied gases should never be completely emptied, in order
to prevent suck-back and contamination of the cylinder.

Matheson

Fig. 16
Model 8510 Cylinder Scale

HANDLING OF EMPTY CYLINDERS

Where cylinders are considered empty, the valves should be
closed. Valve protection caps, outlet dust caps, and other
accessories shipped with the cylinder should be attached to
the cylinder as received. The cylinder should be marked or
labeled "EMPTY". Cylinders should then be placed in a proper
storage area, segregated from full cylinders, to await pick-up
for return to the supplier (Fig. 17).

Fig.' 17
Return in Condition Received

Carelessness in the handling of an empty cylinder could
result in its being mistaken for a full cylinder. The connecting
of an empty cylinder to a high pressure system could cause
foreign materials to back up into the cylinder, resulting in all
the attendant hazards of suckback, and possible violent reac-
tion within the cylinder.

NEVER TAKE CHANCES

In any emergency, or conditions creating problems not read-
ily solved, always contact the gas supplier for instructions, or
information; do not attempt to handle the situation without
further aid.

Xi
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SYMBOLS AND ABBREVIATIONS

The following symbols and abbreviations are used in this Gas Data Book:
Symbol or Symbol
: ol or
Abbreviation Explanation Abbreviation Expl ti
A angstroms ey 5
wh st AtSME American Society of Mechanical Engineers
il atm
ACGIH American Conference of Governmenta| In- bar gtm(oiphere(s')
dustrial Hygienists s
bar (g) bar(s) gauge pressure
Xii

&atheson’

Symbol or
Abbreviation

BP

Btu

°C

cal

cP

cm®
CGA
cm

Gy

C,

DOT
dyn/cm
D

SE

ft

IPS

°K
kcal
kd/mol
kg/m?®
J/(mol- °K)
kg
kd/kg
kPa

Explanation

Boiling Point

British thermal unit(s)

degree Celcius

calorie(s)

centipoise

cubic centimetre(s)
Compressed Gas Association
centimetre(s)

specific heat at constant pressure
specific heat at constant volume
Department of Transportation
dyne(s) per centimetre

Debye(s)

temperature, degrees Fahrenheit
foot, feet

iron pipe size

Kelvin

kilocalorie(s)

kilojoule(s) per mole

kilogram(s) per cubic metre
joule(s) per mole per Kelvin
kilogram(s)

kilojoule(s) per kilogram
kilopascals

Matheson

Symbol or
Abbreviation

Ib

max
min
mp
mPa-s
ml

mN/m
mbar
mmHg
No.
NPT
Pa

(@
ppm
psia
psig
°R

temp.

vol
W/(m-°K)
wt.

Explanation

litre(s)

pounds

maximum

minimum

melting point
millipascal-second(s)
millilitre(s)

millimetre(s)

millinewton(s) per metre
millibar(s)

millimetre(s) of mercury
number

national pipe thread

pascals

gauge pressure

parts per million

pounds per square inch absolute
pounds per square inch gauge
degrees Rankine

second(s)

temperature

volume

Watt(s) per metre per Kelvin
weight

Xiil




carbon atoms in 0.012 kilogram of Carbon-12. The ele-
mentary entity must be specified, e.g., one mole of Hg"
has a mass equal to 0.200 59 kilogram; one mole of HgCl

NON-SI UNITS

These units, shown below, are not coherent with Sl units

Presentation Of The Physical And Thermodynamic

Properties Of The Gases

has a mass equal to 0.236 04 kilogram; one mole of

and their use should be discouraged.

In some industries. both here and abroad, the U. S. custom- It should also be noted that the bar a; used throughout this Hg,Cl, has a mass equal to 0.472 08 kilogram. Physical Name of Unit Symbol Definition of Unit in
ary units are gradually being replaced by those of a modernized text is the absolute bar, exqept lh those lnvstances where bar js S| DERIVED UNITS Quantity Terms of S| Units
metric system known as the International System of Units (Sl).  followed by the symbol (g) in which case it denotes bar gauge The Sl Derived Units are those derived by appropriate mul- : P ~/180)rad
Since Sl is rapidly being adopted for the teaching of science pressure. . tiplication and division of the SI Base Units, and shown below. angle degree (7 ra
and engineering in schools, colleges, and universities through- The data for the conversion factors have been obtaineq : ‘ ‘ s ’ (nf o Do
out the world, the physical and thermodynamic data have been  primarily from three sources, namely, Guanig Uil Symbol Formula second " (/648 000)rad
presented in terms of the more coherent Sl units. However, (1) ASTM Standard Metric Practice Guide E-380, 1974, o ey : | _ length yard yd 0.9144 m
other customary units have generally also been listed, or meth-  (2) M. L. McGlashan in Kirk-Othmer’s Encyclopedia of Chem- s 'Ss'eciir; g = jdisiategratonfe) foot ft 0.304 8 m
ods for conversion of Sl units to other units are indicated. ical Technology, second revised edition, 7971, Supplement donaity Kilsgrat Der cobit L O e xnph in 0.0254 m

A description and definition of Sl base units and supplemen- Volume, pp. 984-1007, John Wiley & Sons, Inc., New York metre ’ sl ile LSS SN
tary units appears directly after the preface, followed by a NEYG, : electric potential  volt Vv W/A nautical mile n mile 1852 m
tabulation of various Sl derived units, Sl prefixes, non-SI units, (3) The International Systems of Units, National Bureay of difference i pound o St Sk
definition of S| derived units, and an alphabetical list of units Standards Special Publication 330, 1972, C. H. Page and p electric resistance  ohm 9 V/A i e S e
and their conversion factors. In the latter list, relationships that Vigoureux, editors. : electromotive volt \ W/A hour h 3600 s
are exact are followed by an asterisk; relationships that are not Itis hoped that this presentation in terms of SI units will help i d_ay . o e
followed by an asterisk are either the results of physical mea- to stimulate their more rapid adoption for use by science ang grinciy o ’ ij S Ricgrany- i i
surements or are only approximate. industry in the United States. i S s e force

It will be observed throughout the presentation of the data :O'Ceenc 22‘{’:;0” :z :‘Cg cTe)S kilopond kp 9.806 65 N
that to facilitate the reading of numbers having four or more William Braker ;feqsiurey pascal il pay 2 pound-force Ibf ~4.448 22 N )
digits, the digits have been placed in groups of three separated Allen L. Mossmar quantity of elec- coulomb C A.s pressure  atmosphere atm 101 325 N/ Sl
by a space instead of commas counting both to the left and to 1980 tricity tory Toer =133.922. )/ 4
the right of the decimal point quantity of heat joule J N techn.at- at 98 066.5 N/m°

specific heat joule per kilogram —  J/(kg-°K) mosphere ) »

. . kelvin pound- Ibf/in* =~6 894.76 N/m’

UnltS and Converslon Factors thermal conductiv-  watt per metre kel- —- W/(m-°k) force per
The S ity vin square
e Sl base units are as follows: piece of platinum-iridium kept at the International Bureau vfalocn»y i mete RN s gl Gh (B
Base Unit of Weights and Measures at Serves, near Paris visoosily, dyRaly, . ResSukeae - millimeter of mmHg =~133.322 N/m*
it ) St . viscosity, kine- square metre per —_ m</s mercury
Symbol Second—The second is the duration of 9 192 631 770 matic second : N 2
Physical Quantity Name of S| for S| periods of the radiation corresponding to the transition voltage volt ' W/A NGl of watey el =249.089. N/m
Base Unit Base Unit between the two hyperfine levels of the ground state of volume cubic metre — m’
P el the Cesium-133 atom. wavenumber reciprocal metre — (wave)/m Definitions of S| Derived Units
length metre b Ampere—The ampere is that constant current which, if work joule J N-m
mass kil maintained in two strai . — e . — Electrical potential difference (electromotive force)—The
electric current vt . metre apart in a vacuum, would Droducé hewear CGPM to |ndfcate mgltlples or submultiples of S| Base Units or force) is the difference of electric potential between two
thermodynamic temperature  kelvin oK conductors a force equal to 2 X107 newtons metSrE of the Sl Derived Units. points of a conductor carrying a constant current of one
luminous intensity candela cd of length. - ’ ) g ampere, when the power dissipated between these points is
amount of substance mole mol Kelvin—The unit of thermodynamic temperature is the kel- e SUALIR AL
Subsiament . vin. It is the fraction 1/273.16 of the triple-ooint of wat Multiplication Factors Prefix Sl Symbol Electric resistance—The ohm is the electric resistance be-
ary Units Candela—The ; i p.e pom B yva o - - — - e tween two points of a conductor when a constant difference
plane angle _ candela is the luminous intensity, in the 12 : :
solid angle radian rad perpendicular direction, of a surface 1/6000 000 square 1 000 000 000 000 = 10 tgra of potentua} of Qne volt, applied between these two pomt;,
steradian sr metres of a black body at the temperature of freezing S o s 10% nel Seonp et thlS.COl’\dUCtOF et s o
platinum under a pressure of 101 325 newtons per 1 000 000 = 10f’ mega conductor nqt belhg the source of any electromqtlve force.
Definitions Of The S| Base And — ‘ square metre. 1 000 = 10'3 kilo Energy—The joule is the work donye when the point of appli-
entary Units Radian—The radian is th . 100 = 10? hecto cation of a force of one newton is displaced a distance of
Metre—The me € unit of measure of a plane angle 10 = 10" deka one metre in the direction of the force.

tre is the length equal to 1 650 763 73

with its vertex at the center of a circle and subtended by

wavelengths in vacuum of the radiation corr the arc equal in length to th di TSR o Foroe—ihe fawion 18 that JOIOGENRY, NN AREREN
the transition between the levels 2p anc?sggndtmg to Steradian—The steradian is teherea 'Uts f f lid AR e S JochuTniE [ass of one SRARNANGE S MHAGSE S
Krypton-86 atom = s 10 the an ith i ST MOature O = v il f : ;- d
: gle with its vertex at th 0.001 = 10 milli of one metre per second per second.
i e 2 . .
K'{?Qraf“—Tr\(n kilogram is the unit of mass; it i INg an area of the spheri Ce|nter e aaer A gt 7 L L .« W P
the mass of the International 'S equal to 'cal surface equal to that of a 0.000 000 001 = 107° nano Power—The watt is the power which gives to the production

prototype of the kilogram

The internatic
ion the kilogram IS a certain

al prototype of

XV

M:'Zuarihwith sidgs equal in length to the radius.
. CZ’ :nple IS the amount of substance of a system
ntains as many elementary entities as there are

P atheson

0.000 000 000 001 = 107'? pico

0.000 000 000 000 001 = 107 '°

femto

0.000 000 000 000 000 001 = 107'® atto

liqatheson‘

» O z‘s:goagjxgm—q

of energy at the rate of one joule per second.
Quantity of electricity—The coulomb is the quantity of elec-
tricity transported in one second by a current of one ampere.
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The International Committee of Weights and Measures has
recommended the pascal (Pa) as the name for the unit of
pressure or stress instead of the newton per squaré metre or
bar. and the name siemens (S) as the name for the unit of
electrical conductance instead of the reciprocal ohm or the

ampere volt

Pressure— The pascal is the pressure or stress of one newton

per square metre

Alphabetical List Of Units

(Symbols of S| units given in parentheses)

To convert from to Muiltiply by
ampere (Int. of 1948) ampere (A) 0.999 835
angstrom A metre (m) 1x 107"
atmosphere (normal)  pascal (Pa) 101 325°
bar pascal (Pa) 100 000*
bar kilopascal (kPa) 100 000*
British thermal unit joule (J) 1 055.056
(Int. Table)

British thermal unit joule (J) 1 055.87
(mean)

British thermal unit joule (J) 1 054.350
(thermochemical)

British thermal unit (39  joule (J) 1 059.67

F)

British thermal unit (60  joule (J) 1 054.68

F)
calorie (Int. Table) joule (J) 4.186 800"
calorie (mean) joule (J) 4.190 02
calorie (thermochemi- joule (J) 4,184 000*

cal)
{ ,durw(?VH C) joule (J) 4.185 80
calorie (20 °C) joule (J) 4.181 90
calorie, kilogram (Int. joule (J) 4 186.800*
Table)
calorie, kilogram joule (J) 4 190.02
(mean)
calorie, kilogram (ther-  joule (J) 4 184.000*
mochemical)
centimetre of mercury pascal (Pa) 1 333.22
(0 °C) ’
centimetre of water (4 pascal (Pa)
Cé : 98
& 063 8
centipoise (cP) newton-second 1.000 x 103+
metre® (N.s/m?)
centipoise (cP) millipascal-second 1.000
(mPa.s)
curie disintegration/sec- 3.700 x 100+
ond
day (mean solar) second (s) 86 400
Jebye D coulomb-metre 3.335 64 x 10-%
(C-m)
lecibar pascal (Pa) 1.000 x 10**
jecimetre metre’ (m¥) 1.000 x 10-3+
jegree (angle) radian (rad) 0.017 453 2
Jegree Celcius (°C) kelvin (°K) °K = °C ?
legree F A"V!‘Y‘hc‘ll( F) vj(ugrpp C(’ICIUS °C = § (+F2731 S
Jegree Fahrenheit (°F) kelvin ( = DR
K) °K = 54 (©
=% (°F +
Jegree Rankine (°R) kelvin (°K) K459(67)
lyne newton (N) 1 ,;1 Od R

XVi

To convert from

electron volt ev

foot (ft)

foot of water (39.2 °F)

grain

gram

hour (mean solar)

inch

inch of mercury (32
OF)

inch of mercury (60
2F)

inch of water (39.2
o F)

inch of water (60 °F)

joule (Int. of 1948)

kelvin (°K)

kelvin (°K)

kilocalorie (Int. Table)

kilocalorie (mean)

kilocalorie (thermo-
chemical)

kilogram-force (kgf)

kilogram-mass

kilopond-force

liter (dm?)

micron (u)

millibar

millibar

millimetre of mercury
(0°C)

minute (angle)

minute (mean solar)

ohm (int. of 1948)

pascal (Pa)

poise (abs. viscosity)
torr (nmHg, 0 °C)

volt (int. of 1948)
watt (int. of 1948)

joule (J)
metre (m)
pascal (Pa)
kilogram (kg)
kilogram (kg)
second (s)
metre (m)
pascal (Pa)

pascal (Pa)
pascal (Pa)

pascal (Pa)

joule (J)

degree Celcius (°C)

degree Fahrenheit
(°F)

joule (J)
joule (J)
joule (J)

newton (N)
kilogram (kg)
newton (N)
metre® (m®)
metre (m)
pascal (Pa)
kilopascal (kPa)
pascal (Pa)

radian (rad)
second (s)
ohm (£2)

newton/metre® (N/

m?)
pascal-second (Pa-
s)
pascal (Pa)
volt (absolute) (V)
watt (W)

Multiply by

1.602 10 x 10 ~1°
0.304 800*

2 988.98

6.479 891 x 105+
1.000 x 1073+

3 600.000

2.540 x 1072»

3 386.389

3 376.85
249.082

248.84

1.000 165

°C = °K - 273.15

°F = %
(°K — 273.15) +
32

4 186.800°*

4 190.02

4 184.000*

9.806 650*
1.000*
9.806.650*
1.000 x 1073+
1.000 x 107°*
100.000*
0.100*
133.322 4

2.908 882 x 107*
60.000

1.000 495
1.000*

0.100*
133.322

1.000 330
1.000 165

* exact relationship to Sl units.

: In addition to the conversion factors for the specific units
isted above the conversion factors for some frequently used

compounded units derjved from

below:

To convert from

Btun®.in/(s-ft.2.°F)
Btum,b.jn/(s.ﬂ'?. ()F)

Btuw?-in/(h. ft 2. °F)

Compound Units

Heat

watt/metre-kelvin

W/(m.°K)
watt/metre-kelvin

W/(m.°K)
watt/metre-kelvin

W/(m.°K)

the specific units are listed

Multiply by

518.873 2

519.220 4

0.144 131 4

&atheson’

To convert from
Btuj,’-in/(h-ft°. °F)
Btuy.”/ft?

Btuy,?/ft*
Btuin’/(h-ft*- °F)
Btuw®/(h-ft*- °F)
Btu,,,”/pound-mass(lbm)
Btuy,” /pound-mass(lbm)
Btui’/(Ibm- °F)
Btuy”/(lbm- °F)
caly?/cm?
caly?/(cm?.s)
cal’/gram
caly?/(cm-s-°C)
caly®/gram

cal’/(gram-°C)

caly?/(gram-°C)

gram/centimetre’
pound-mass/foot’

pound-mass/inch?®

atmosphere(normal) =
760 torr
atmosphere(tech.) = 1
kgf/cm?
bar
centimetre of mercury
(0°C)
dyne/centimetre®
gram-force /centimetre-
kilogram-force /centi-
metre®
kilogram-force /metre®
kilogram/force /milli-
metre®
poundal-foot®
pound-force/foot
pound-force/inch?(psi)
psi

foot/hour

to

watt/metre-kelvin
W/(m- °K)
joule/metre? (J,
m~)
joule /metre? (J
m?)
watt/metre®-kelvin
W/(m*.°K)
watt/metre?-kelvin
W/(m?.°K)
joule /kilogram (J
kg)
joule/kilogram (J
kg)
joule /kilogram-
kelvin J/(kg- °K)
joule/kilogram-
kelvin J/(kg- °K)
joule/metre? (J/
m?)
watt/metre® (W/
m?)
joule/kilogram (J/
kg)
watt/metre-kelvin
W/(m . oK)
joule/kilogram (J/
kg)
joule /kilogram-
kelvin J/(kg-°K)
joule /kilogram-
kelvin J/(kg- °K)

Mass/Volume
kilogram/metre®
(kg/m?)
kilogram/metre®
(kg/m?)
kilogram/metre”
(kg/m?)

Pressure

pascal (Pa)
pascal (Pa)

pascal (Pa)
pascal (Pa)

pascal (Pa)
pascal (Pa)
pascal (Pa)

pascal (Pa)
pascal (Pa)

pascal (Pa)
pascal (Pa)
pascal (Pa)
pascal (Pa)

Velocity

metre /second
(m/s)

Matheson

Multiply by
0.144 272 9
11 356.53
11 348.93
5.678 263
5.674 466
2 326.000*
2 324 .444
4 186.800*
4 184.000*
41 840.000*
41 840.000*
4 186.800*
418.400*

4 184.000*
4 186.800*

4 184.000"

1 000.000*
16.018 46

27 679.9

1.013 25 x 10°*
9.806 650 x 10**

1.000 x 10°*
1.383.22

0.100*
98.066 500*
98 066.500°

9.806 650*
9.806 650 x 10°*

1.488 164
47.880. 26
6 894.757
6 894.757

8.466 667 X 10°°

To convert from

foot/minute

foot/second

to

metre/second
(m/s)

metre /second
(m/s)

Multiply by

5.080 x 10

0.304 800*

inch/second

metre/second

0.025 400*

(m/s)
kilometre /hour metre /second 0.277 778
(m/s)
mile/minute (U. S. statute) metre/second 26.822 400"
(m/s)
Viscosity
foot’ /second metre®/second 9.290 304 X
(m?/s) 10
pound-mass/foot-second pascal-second 1.488 164
(Pa-s)
pound-force-second pascal-second 47.880 26
foot (Pa-s)
Volume
foot® metre® (m?) 2.831 685 x 10°°
inch” metre” (m”) 1.638 706 X
1O~

' th = thermochemical; ® Int = International Table

* exact relationship to Sl units.
Some additional conversion data and
below

To convert to
kJ/mol J/mol
J/mol kJ/kg
J/mol J/kg
J/(mol- °K) kd/(kg-°K)
J/(mol- °K) J/(kg- °K)
J/(mol- °K) cal/(mol-°C)
kg/m? Ib/ft’
kg/dm? Ib/ft?
kJ/mol kcal/mol
J/mol cal/mol
cm®/kg ft°Ib
kJ/kg Btu/Ib
dm® litre

other relevant data are shown

Multiply by

1 000

the reciprocal of the mass wt
in grams of 1 mole of sub-
stance

the reciprocal of the mass wt
in kg. of 1 mole of substance

the reciprocal of the mass wt
in grams of 1 mole of sub-
stance

the reciprocal of the mass wt
in kg of 1 mole of substance

0.239 006

0.062 428

62.428

0.239 006

0.239 066

0.016 018 463

0.430 210

1.000

To convert the S| unit to the corresponding non Sl unit,
divide the former by the appropriate multiplication factor or
multiply by the reciprocal of the multiplication factor.

14.696 psia = 1 atm = 1.013 25 bar = 760 mmHg = 760

torr

= 101 325 pascals = 101.325 kPa = 101.325 kN/m2

SAFETY

Matheson has always emphasized safety. The chapter fol-

lowing the preface of this book is a treatise on the safe

handling of compressed gases in the laboratory and plant.
The information presented in this Gas Data Book is in-
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tended to convey the best available and most reliable data
on gases in order to facilitate their safe handling and to
stimulate their use. The uses referred to in this book are
listed for illustrative purposes and it is suggested that suffi-
cient investigation be conducted to establish the suitability of
their application in any particular case. All statements, infor-
mation, and data presented herein are believed to be accu-
rate and reliable but no guarantee or warranty is implied or

intended, nor can Matheson assume responsibility for any
accidents or damages coincidental to their use including
incidental or consequential damages. No statement or sug-
gestion concerning the various gases implies immunity under
any patents.

William Braker

Allen L. Mossman
1980

Matheson

Acetylene
Air

Allene
Ammonia
Argon
Arsine

Boron Trichloride
Boron Trifluoride
Bromine Pentafluoride
Bromine Trifluoride
Bromotrifluoroethylene
Bromotrifluoromethane
1,3-Butadiene

Butane

1-Butene

2-Butene

Carbon Dioxide
Carbon Monoxide
Carbon Tetrafluoride
Carbonyl Fluoride
Carbonyl! Sulfide
Chlorine

Chlorine Trifluoride
Chlorodifluoromethane
Chloropentafluoroethane
Chlorotrifluoroethylene
Chlorotrifluoromethane
Cyanogen

Cyanogen Chloride
Cyclobutane
Cyclopropane

Deuterium
Diborane
Dibromodifluoromethane

1,2-Dibromotetrafluoroethane

Dichlorodifluoromethane
Dichlorofluoromethane
Dichlorosilane

1,2-Dichlorotetrafluoroethane

1,1-Difluoro-1-Chloroethane
1,1-Difluoroethane
1,1-Difluoroethylene

lfgatheson‘

Dimethylamine
Dimethyl Ether
2,2-Dimethylpropane

Ethane
Ethylacetylene
Ethyl Chloride
Ethylene
Ethylene Oxide

Fluorine
Fluoroform

Germane

Helium
Hexafluoroacetone
Hexafluoroethane
Hexafluoropropylene
Hydrogen
Hydrogen Bromide
Hydrogen Chloride
Hydrogen Cyanide
Hydrogen Fluoride
Hydrogen lodine
Hydrogen Selenide
Hydrogen Sulfide

lodine Pentafluoride
Isobutane
Isobutylene

Krypton

Methane
Methylacetylene
Methyl Bromide
3-Methyl-1-butene
Methyl Chloride
Menthyl Fluoride
Methyl Mercaptan
Methyl Vinyl Ether
Monoethylamine
Monomethylamine

Neon

Nickel Carbonyl
Nitric Oxide
Nitrogen

Nitrogen Dioxide
Nitrogen Trifluoride
Nitrogen Trioxide
Nitrosyl Chloride
Nitrous Oxide

Octofluorocyclobutane
Oxygen

Oxygen Difluoride
Ozone

Perchloryl Fluoride
Perfluorobutane
Perfluoro-2-Butene
Perfluoropropane
Phosgene

Phosphine

Phosphorous Pentafluoride
Phosphorous Trifluoride
Propane

Propylene

Silane

Silicon Tetrafluoride
Sulfur Dioxide
Sulfur Hexafluoride
Sulfur Tetrafluoride
Sulfuryl Fluoride

Tetrafluoroethylene
Tetrafluorohydrazine
Trichlorofluoromethane

1,1,2-Trichloro-1,2,2-Trifluoro-

ethane
Trimethylamine

Vinyl Bromide
Vinyl Chloride
Vinyl Fluoride

Xenon




ACETYLENE

(Synonym: Ethyne)
(Formula: C;H,)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of CsH>»

Specific Volume @ 15.6 °C, 101.325 kPa
Vapor Pressure @ 21.1 °C

Boiling Point @ 170 kPa
Sublimation Point @ 101.325 kPa
Triple Point
Temperature
Pressure
Absolute Density Gas @ 101.325 kPa @ 0.0 °C .

Relative Density Gas @ 101.325 kPa @ 0.0 °C (A|r = 1)

Density Liquid @ —80.75 °C
Critical Temperature
Critical Pressure .

Critical Volume

Critical Density .

Critical Compressibility Factor

Latent Heat of Fusion @ —80.75 °C, 128 kPa

Flammable Limits in Air

Molar Specific Heat, Gas @ 101.325 kPa @ 26.8 °C
(@ Constant Pressure

(@ Constant Volume

Specific Heat Ratio, Gas @ 101.325 kPa @ 26.8 °C, Cp/Cv

Viscosity, Gas @ 101.325 kPa @ 20 °C
Viscosity Liquid @ —80 °C . . .
Thermal Conductivity, Gas @ 101.325 kPa @ 15.6 °C

Surface Tension @ —80 °C .

0.026 038 kg

0.026 038 kg

900.8 dm®/kg; 14.43 ft*/Ib

4 479 kPa; 44.79 bar; 649.6 psia; 44.2
atm

198.15 °K; —75.0 °C; —103.0 °F

189.15 °K; —84.0 °C; —119.2 °F

192.40 °K; —80.75 °C; —113.4 °F

128 kPa; 1.28 bar

1.174 7 kg/m?

0.908

0.610 kg/!/

309:45 °K; 3618 °C: 1973 °F

6 242 kPa; 62.42 bar; 905.3 psia; 61.6
atm

4.340 dm®/kg

0.230 4 kg/dm?

0.274

96.4 kJ/kg; 23.04 kcal/kg

2.5-81% (by volume)

44 308 kJ/(kmol-°K); 44.308 J/(mol-
°K) 10.590 cal/(mol-°C)

35.915 kJ/(kmol-°K); 35.915 J/(mol-
°K); 8.584 cal/(mol.°C)

1.234

0.010 0 mPa-s;
0.010 0 CP

0.195 mPa-s; 0.195 mN.s/m? 0.195
CP

0.020 06 W/(m-°K); 47.94 x 10°°
cm/(s-cm?.°C)

18.8 mN/m; 18.8 dyn/cm

0.0100 mN-.s/m?;

Solubility in Water @ 101.325 kPa (partlal pressure of acetylene)

@ 25 °C s
Autoignition Temperature

0.94 cm®/1 cm® water
679-713 °K; 406-440 °C; 763-824 °F

Heat of Combustion, Gas @ 25 °C and Constant Pressure Gross

to form H,O (lig.) + CO, (gas) .
Net, to form H,O (gas) + CO, (gas) .

Description
Acetylene is the simplest member of the class of unsaturated

hydrocarbons called alkynes or acetylenes. It is one of the
most important of all starting materials for organic synthesis,

Matheson

1 299.6 kdJ/mol., 310.62 kcal/mol
1 255.6 kd/mol; 300.10 kcal/mol

particularly in commercial operations. The usefulness of acet-
ylene is partly due to the variety of addition reactions which its
triple bond undergoes and partly due to the fact that its weakly
acidic hydrogen atoms are replaceable by reaction with strong
bases to form acetylide salts.
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Pure acetylene is a colorless, highly flammable gas of agree-
able ethereal odor. Acetylene of ordinary commercial purity
has a distinctive garlic-like odor. It is very soluble in acetone,
1 volume of which will dissolve 300 volumes of acetylene at
1 207 kPa (175 psia). It is slightly lighter than air.

Acetylene is shipped dissolved in acetone. Acetylene cylin-
ders are filled with a porous material which holds the acetone.
Full cylinder pressure is 1 724 kPa (250 psig) at 21.1 °C
(70 °F)

Specifications

Acetylene has a minimum purity of 99.6%. The chief impurity
is air, about 0.03-0.3%. The acetone content of the gas
depends on the cylinder temperature and pressure. Matheson
purified acetylene is substantially free of phosphine, ammonia,
and hydrogen sulfide, and is of the highest purity available
commercially

Uses

Because of its high chemical reactivity, acetylene is an
extremely versatile chemical in industrial syntheses. Approxi-
mately 85% of the annual acetylene production of the United
States is used for chemical synthesis. Acetylene has come into
Increasing prominence as the raw material for a whole series
of organic compounds, among them vinyl chloride, neoprene,
vinyl acetate, acrylonitrile, vinyl ethers, vinylacetylene, trichlo-
roethylene, and perchloroethylene (2).

The remaining 15% of the acetylene production is principally
used for oxyacetylene cutting, heat-treating, etc., and as fuel
for atomic absorption instruments

Toxicity

Acetylene is a simple asphyxiant and anesthetic. Inhalation
of 100,000 ppm (10%) acetylene has a slight intoxicating effect
In man. Marked intoxication occurs at 200,000 ppm (20%)
loss of coordination at 300,000 ppm (30%), and unconscious:
ness (upon 5 minutes of exposure) at 350,000 ppm (35%). No
evidence exists that repeated exposure to tolerable Ievelé of
acetylene has any deleterious effects on health. The maximum
permissible limit for acetylene in a working environment should
not exceed 5000 ppm (0.5%). No threshold limit value has

been recommended for &
or acetylene because the limiti
itin
Is the available oxygen sy

First Aid

Exposure to high concentrations of acetylene causes int
0X-

ication and loss of coordination Workers with these

should be removed at once to uncontaminated air a?;imptoms
Sician should be called. If the exposure was severe oesi
cause loss of consciousness, oxygen should be adrri:?sL:S:]e:jo

It breathing has sto :
as slopped, start artificial r
espirati |
and call a physician at once D . .mmedlately

Precautions in Handling and Storage

1. Acetylene. in its n
s free state unde m
r pressure ay d m
) eco yad

ntl )

e y ‘!ﬂm higher the pressure, the smaller the initial

the fr Quired to cause an explosion Therefore, NEVER

Wie ireée gas outside the cylinder at pressures in e'xcess f 1uge
01103

pose viole

kPa (15 psig). Pressures exceeding this limit are utilized for
chemical synthesis; however, special means to ensure safety
are employed.

2. When using acetylene, close the cylinder valve before
shutting off the regulator, to permit the gas to bleed from the
regulator.

3. Acetylene cylinders should be used or stored only in an
upright position to avoid the possibility of acetone leaking from
the cylinder.

4. Never store reserve stocks of acetylene cylinders with
reserve stocks of cylinders containing oxygen. They should be
separately grouped.

5. Acetylene is highly flammable. Do not store acetylene
cylinders near an open flame, nor where, in case of a leak, the
gas can diffuse to a flame or spark from a motor.

6. When using acetylene, good ventilation should always be
provided to remove any explosive mixture as rapidly as possi-
ble.

7. When returning empty acetylene cylinders, see that
valves are closed to prevent evaporation of the acetone.

8. There are rigid regulations covering the filling of acetylene
cylinders and since this process may be hazardous if im-
properly done, acetylene cylinders must be filled only by ex-
perts in plants manufacturing the gas.

9. It is preferable that acetylene be stored in an upright
position; however, where this is impossible, it is recommended
that the cylinder be put in an upright position and left that way
for about a half hour before being used.

10. When installing acetylene cylinders, the user should
comply with all local, state, and municipal regulations, and with
the standards of the National Fire Protection Association (3).

For general handling instructions see Appendix I.

Leak Detection and Control

Never use a flame to detect acetylene leaks. Acetylene leaks
may be ldetected by painting suspected areas with soap water;
leaks will be evident by bubble formation.

Disposal of Leaking Cylinders

Consult Appendix II-A for appropriate procedure for disposal.

Analytical Detection

e f ctonein h simosoherscan b dteie
cupri i cosent s Prepared by dissoiing 0.001 kg of
distilled water in U(r\;oa)z.SH?O' or the chloride or sulfate, in
trated ammoniumah %ml ,VOlUmetrlc flask. Four ml of concen-
hydrochioride are dyd oxide and 0.003 kg of hydroxylamine
and made up t added. The leture is shaken until colorless

P to volume. Covering the reagent with mineral oil

Or adding some ¢ i :
eagent. Opper wire will prolong the activity of the

About 10 m| of the rea
cylinder or Separatory fu
atmosph
of acetyl
due to f

gent is placed in a glass-stoppered

nnel and a collected volume of the

B .

err; Li)assgd In, and the solution shaken. The presence

y S Indicated by the formation of a pink or red color
ation of copper acetylide.

Mathes ;
On has available a manually operated ‘‘Toxic Gas

@atheson‘
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Detector’’ Model 8014K which provides accurate, dependable
and reproducible results in determining concentrations of acet-
ylene in the range of 50 to 1000 ppm in air. The detector tube
used is the Model 8014-101 S. A color stain is produced which
varies in length according to the concentration of the acetylene
present. The acetylene concentration is then read directly from
the tube's scale.

Fire Prevention and Control

Carelessness in welding and burning operations have caused
accidents with the use of acetylene cylinders. Flames and
molten metal can cause the fuse metal used as safety devices
in cylinders of acetylene to melt, causing the acetylene to
escape and possibly ignite. Care should be taken to see that
acetylene cylinders are located as far as possible from falling
molten metal and slag. Torches should be directed away from
the area of the cylinder.

Small fires caused by ignited acetylene leaks can frequently
be extinguished by smothering with a heavy cloth, wet waste,
or piece of putty slapped at the leaking part (3). If the flame is
issuing from the valve outlet, it may be possible to close the
valve and stop the source of escaping gas. In all cases of
acetylene cylinder fires, the area should be evacuated as
quickly as possible and someone experienced in handling such
a situation should take charge.

Literature is available for fire prevention around welding
operations and the handling of burning acetylene cylinders (4).

Materials of Construction

Steel and wrought iron are recommended for use with acet-
ylene. Joints may be welded or made of threaded or flanged
fittings. Rolled, forged, or cast steel, or malleable iron fittings
may be used. The use of cast iron fittings is not permissible.

Unalloyed copper, silver, and mercury should never be used
in direct contact with acetylene due to the possible formation
of explosive acetylides.

Wet acetylene produces explosive acetylides on copper, 70-
30 brass and aluminum-bronze, the rate of formation being
increased by the presence of air or carbon dioxide. The acet-
ylide is formed much less rapidly on the brass and is less
sensitive.

Explosive copper acetylides may be formed on copper and
brasses down to 50% of copper when exposed to acetylene
atmospheres under certain conditions where the metals have
been contaminated with certain common acids and caustic
soda. The article by Brameld, et al (5) should be consulted for
detailed information on the formation of acetylides.

Cylinder and Valve Description

The acetylene cylinder contains a highly porous monolithic
filler on which the acetone is absorbed. The acetylene is
dissolved in the acetone, and in this state may be shipped at a
pressure of 1 724 kPa (250 psig) at 21.1 °C (70 °F). The valve
outlet designated as standard for acetylene by the Compressed
Gas Association (CGA) has a thread size of 0.885 inch i.d.-14
threads per inch and is left-hand with internal threads, accept-
ing a bullet-shaped nipple. It is designated as value outlet No.
510. This valve outlet and its mating connection are illustrated
in Figure 1.

Matheson
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Fig. 1. CONNECTION 510 .885”-14 LH INT. accepting a Bullet
Shaped Nipple

Safety Devices

Safety devices used on acetylene cylinders contain a fusible
metal that melts at about 100 °C (212 °F). In large cylinders,
these devices are usually in the form of plugs. Safety devices
in small cylinders usually consist either of small plugs incor-
porated in the cylinder valve or a passage in the valve body
filled with the fusible metal.

Recommended Controls

Automatic Pressure Regulators

Since the pressure of acetylene must be closely controlled,
the only type of recommended control is an automatic pressure
regulator. Matheson supplies an automatic single stage regu-
lator Model 1PA-510. This regulator is of forged brass and is
equipped with a delivery pressure gauge and tank gauge. A
needle valve is provided at the regulator outlet for accurately
controlled flow. This regulator will permit setting of accurate
delivery pressures from 13.8-1083 kPa (2-15 psig).

Flowmeters

Matheson Series 7600 laboratory stainless steel flowmeter
units with 150 mm tubes and floats or Matheson 7200 labora-
tory stainless steel flowmeter units with 65 mm tubes with a
single float are recommended for use where definite flow rates
must be known.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is = 1.2%.

Shipping Regulations

Acetylene is shipped under Department of Transportation
(DOT) regulations as a flammable, compressed gas, taking a
DOT “Red Gas Label'. It is shipped in DOT specifications
DOT-8 or DOT-8A1 cylinders. The DOT regulates the amounts
of acetone and acetylene that may be charged into a cylinder.
These regulations specify the cylinder pressure to be no higher
than 1 724 kPa (250 psig) at 21.1 °C (70 °F) when the cylinder
is full.
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Commercial Preparations
A ~etviene is generated by the reaction of water and calcnum
-.‘ e. t ‘ water-to-carbide generation (widely u;ed in
U. ‘ 'J~'~-'m«;f.'ah;—' generation (frequently used in Eu-
pe), and ‘.,, Jeneration (using a limited amount of water). It
. | ; tured by thermal cracking of low-molecular-
ht alipt atic hydrocarbons and by partial oxidation of nat-
ra ] ) & or methane-rich feedstock with a limited amount
' .en an amount insufficient for complete combustion.

9

esses are described in Reference 6.
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Chemical Properties

A ause of its triple bond, reacts additively
with wide variety of reagents, e.g., hydrogen, halogens,
halides ‘h,fjrm,;m cyanide, alcohols, carboxylic
arsenic trichloride and others.
Either one or both of the hydrogen atoms in acetylene
replaceable by certain metals to form acetylides. The
Jhly explosive when dry and reconverted to
treatment with water or dilute mineral acids.
tylene when passed into a liquid ammonia solution of so-
situ) yields monosodium acetylide. The
thium, potassium, and barium derivatives have been
irly prepared. Copper, silver, and mercury acetylides are
ng acetylene into ammoniacal solutions of their
f acetylene with a Grignard reagent (RMX)
in inert solvent normally gives the dimagnesium halide
XM,C:CM,X), but the monomagnesium halide (HC:CM,X), can
e prepared under carefully controlled conditions
lreatment of acetylene with a cuprous ammonium chlo-

etvlene be
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rmed by pass

alts Interactior

i lalyst results in self-addition; vinylacetylene is formed.
Vhen acetylene is heated in the presence of a nickel catalyst
etrahydrofuran (60-70 °C and 10-25 atm), cyclooctate-

ne is formed in 75-85% vield
1. Acetylene can be added to the double bond of the car-

jroup in the presence of appropriate catalysts (ethyny-
Thus, formaldehyde reacts with acetylene diluted with
jas at about 100 °C and 3 atm or higher in the
supported cuprous acetylide as catalyst to
the mono-addition product propargyl alcohol and the di-
N product 2-butyne-1,4-diol. Ketones react with acety-

’ icetal, or polyethers as solvents in the

I sodium or potassium hydroxide, sodamide, potas-
other alkali or alkaline earth oxides as
jents. Thus, acetone and 2-butanone give 2-
y butyn-: and 3-methyl-1-pentyn-3-ol, respectively.
» water directly when treated with hot dilute
'@ presence of some mercuric sulfate and

butoxide. or

\Céelylene adds

ilyzed reaction ¢

f acetylene with carbon monox-
gives an acrylic acid ester (7); the

> acrylic acid

ne reacts with
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acetylene to form pyrazole.
yarogen sulfide are Passed over
hene is formed together with other

Yiene N h
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nciuding po

lyols and Phenols, with
C in the Presence of

pressure at 12 -180
i <U-180

nyl ethers

ylent

iNd hydrogen chloride in the

vapor phase at 150—25Q °C in .the presence of a cop
catalyst, such as mercuric chloride on charcoal,
chloride. A

11. Acetic acid adds to acetylene in the vapor Phase g
180-200 °C over a contact catalyst, such as cadminum, Zin
or mercury salts deposited on charcoal, to give vinyl acetate,,

12. Hydrogen cyanide adds to acetylene in the vapor o
liquid phase to give acrylonitrile.

13. Secondary aromatic amines, such as carbazole and
diphenylamine, react with acetylene under pressure at 150-
200 °C in the presence of alkali, zinc, or cadmium oxides, or
their salts with organic acids, to give the corresponding N-viny|
derivatives.

14. Passage of acetylene through an aqueous solution f
cuprous chloride, ammonium chloride, and hydrogen chiorige
at 50-60 °C in the absence of oxygen or in the presence f
antioxidants gives vinylacetylene together with divinylacety.
lene.

15. Acetylene can be copolymerized in tetrahydrofuran
60-70 °C and 10-25 atm of acetylene pressure in the pres.
ence of anhydrous nickel cyanide as catalyst to cyclooctate.
traene, along with other products.

16. Acetylene burns in air with a high flame temperature
variously reported between 2982-3482 °C (5400 ang
6300 °F).
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Thermodynamic and Detailed Physical Data

Molecular Structure

Acetylene has been established by various physical mea-
surements to be a linear molecule, point group D.., with a C:C
bond distance of 1.20 X 107" m (1.20 A) and two C—H bond
distances of 1.06 X 107'° m (1.06 A). In acetylene the C—H
bonds are ¢ bonds formed by the overlap of a hydrogen s
orbital with a carbon sp orbital; there is one C—C o bond from
overlap of two carbon sp orbitals and there are two C—C
bonds from overlap of two perpendicular pairs of p orbitals.
This formulation fits well with the properties of acetylene bonds

in being linear with high chemical reactivity (= bonds exposed)
(8).

Infrared Spectrum
See Figure 2 for infrared spectrum of gaseous acetylene.

Vapor Pressure (9)

Vapor pressures below 101 .325 kPa (1 atm) are listed below.

Temperature, Vapor Pressure
°6 kPa mbar mmHg torr

-142.9 0.133 3 1.333 1
-133.0 0.666 6 6.666 5
-128.2 1.333 13.83 10
-1228 2.666 26.66 20
-116.7 5.333 53.33 40
-112.8 7.999 79.99 60
-107.9 13.33 133.3 100
-100.3 26.66 266.6 200

-92.0 53.33 533.3 400

-840 101.325 1013.25 760

;gatheson'
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Fig. 2.

KBr windows; pressure: 2.666 kPa (20 mmHg) (11)
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res below 101.325 kPa. see Table 1.
01.325 kPa, see Table 2 and
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3r vapor pressu
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e 2 for latent heats of vaporization.

Thermodynamic Data

—_—

Thermodynamic Properties of Acetylene As Ideal Gag @

25 °C (10)
Heat Capacity, Co

Entropy, S°

Free Energy Function, (FS9s—

H3gs)/ T
Enthalpy, H°

Enthalpy of Formation, AH?

44.095 J/(mol. °k)
10.5639 cal/(mol.°C)
200.848 J/(mol. °K)
48.004 cal/(mol.°g)
—200.848 J/(mol. °K)
—48.004 cal/(mol.°C)
10.012 kJ/mol
2 393.9 cal/mol
226.731 kJ/mol
54.190 kcal/mol

ACETYLENE

Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED SOLID AND VAPOR (12)

For the thermodynamic properties of the saturated liquid and

; ion, AF?
e Table 5 See Table 3 for the thermodynamic prop-  Free Energy of Formatio :

’ 209.171 kdJ/mol 3 Entropy Enthalpy Specific Volume
oy 49.993 kcal/mol Temperature, °K J/(mol«°K) kJ/mol cm® /mol

erties of superheated acetylene kPa atm Solid Vapor Solid Vapor Solid Vapor

161.96 10.132.5 .01 77.24 209.91 4121 25.606 132 300
169.27 20.265 0 0.2 79.12 205.39 4.498 25.870 68 850
173.88 30.397 5 0.3 80.58 203.01 4.736 26.020 46 990
180.04 50.6625 0.5 82.30 199.74 5.063 26.209 29 060
184.34 70.927 5 0.7 83.72 197.78. . 5.297 26321 21 100
189.13 101.3250 1.0 85.19 19556 5.565 26.439 15 050
192.4 (T.P.) 128.2775 1.266 86.23 194.10 5.753 26.506 12 020

Pressure

REFERENCES
For the extensive tabulation of the physical and thermodynamic properties of acetylene, see W. Braker and A. L. Mossman, The Matheson

{ Gas Data Book, 1975, Matheson, East Rutherford, New Jersey.
Pamphlet G-1, Compressed Gas Association, New York, New York.
for Welding and Cutting, NFPA Standard 51, National Fire Protection Association, Boston, Massachusetts.

Safe Practice in Cutting and Welding, Air Reduction Company, New York, New York. Table 2. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (12)

i Clark, and Seyfang, J. Soc. Chem. Ind. (London) 66, 346-353 (1947). Latent

Entropy Enthalpy
i J M. Wilkinson, Jr.. in Kirk-Othmer's Encyclopedia of Chemical Technology, 2nd edition, 1963, Volume 1, pp. 174-193, John Temperature Pressure J/(mol+°K) kJ /mol VHeat.O’ VOJ'Uf“el
aporiza- cm®/mo

tion Lig-
kJ/mol uid

Specific Density

kg/dm?
Ir New York, New York
Org. Synth. Chem. (Japan) 23, 757 (1965).
s and M. C. Caserio, Basic Principles of Organic Chemistry, 1964, pp. 139, 209, W. A. Benjamin, Inc., New York, New York. 192.4 —113.85
yineers” Handbook, R. H. Perry, C. H. Chilton, and S. D. Kirkpatrick, editors, 4th edition, 1963, p. 3-47, McGraw-Hill Book Co., (T.P.)
200.9 —98.05
il Tables, 2nd edition, 1971, D. R. Stull and H. Prophet, project directors, National Standard Reference Data Service 209.4 —82.75

f Standards, NARDS-NBS 37, U. S. Government Printing Office, Washington, D. C. ggéi _igg;
I Spectra, 1972, Sadtler Research Laboratories, Inc., Philadelphia, Pennsylvania. 240.7 —26.41

f Gases, F. Din, editor, 1962, Volume 2, p. 77, Butterworth, Inc., Washington, D. C. 253.2 —3.91

°K °F kPa Liquid Vapor Liquid Vapor Vapor Liquid Vapor

11282001 107.45 194.10 9.832 26.506 16.674 42.7 12020 0.610 0.002 17
202.650

303.975

111.84 191.67
116.15 189.54
506.625 121.96 186.94
709.275 125.94 185.14
1 013.250 129.91 183.22 14.7186 27.547
11.619.875 133.64 180.87 15.673 27.635
263.0 13.73 2 026.500 136.19. 179.08 16.351 27.631 11.280 5&3.2 804 0.489 0.0324
271.6 29.21 2533.125 138,66 177.61 17.016 27.598 10.577 : 626 0.469 0.041 6
278.9 42.35 3 039.750 140.96 176.19 17.694 27.514 9.820 503 0.449 0.0518
284.9 53.15 3 546.375 143.05 174.85 18.318 27.376 9.068 : 414 0.432 0.062 9
290.4 63.05 4 053.000 145.18 173.34 18.933 27.112 8.179 ; 345 0.414 0.0755
300.0 80.33 5 066.250 149.37 170.12 20.251 26.476 6.225 . 243 0:871 0107 2
307.8 94.37 6 079.500 155.31 165:35 22.121 25.209 3.088 ; 169 0.298 0.163 8
308.7 95.99 6 246.686 160.33 23.644 0.000 0.230 6

10.707 26.744
11.590 26.959
12.832 27.225
13.763 27.393

16.037 43.0 7 840 0.606 0.003 32
15.368 43.9 5400 0.593 0.004 82
14.393 454 3290 0.574 0.007 91
13.640 46.7 2361 0.558 0.01107
12.832 48.4 1654 0.538 0.0157
11.962 50.9 1093 0.512 0.023 8
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED ACETYLENE cn?‘
H, ENTHALPY, (13), kd/mol; S, ENTROPY (14), J/(mol-°K); V, SPECIFIC VOLUME (15), cm’/mol :
Pressure Temperature, 'K -
kPa Bar atm 160 180 200 220 240 260 280 300 310 320 m
H| 25556*| 26.237 26.977| 27.709 28.492 29.303 30.142 31.077 31.450 31.899 Z
10.132 5 0.101 0.1|S | 209.45* | 211.49 217.24 | 220.83 224.240 | 227.48 230.59 233.56 235.02 236.44 m
'V | 130 700*| 147 200 | 163 700 | 180 200 | 196 700 | 213 100 | 229 500 | 245 900 | 254 100 | 262 300
H 26.174 26.906 | 27.667 28.458 29.273 30.117 30.985 31.429 31.879
50.662 5 0.507 05/|S 199.87 203.71 | 207.33 210.77 214.04 217.15 220.15 221.15 223.03
V. 29 050 32410| 35770 39 110 42 430 45 750 49 050 50 700 52 350
H| 25371*| 26.094* 26.842| 27.616 28.414 29.236 30.084 30.957 31.403 31.855
101.325 1.013 2 1 S| 189.53* | 193.79* | 197.73 | 201.41 204.88 208.17 211.32 214.33 215.79 D4 729
'V | 12460°| 14250*| 16000 17 720 19 410 21 100 22 780 24 450 25 280 26 100
H 27.159* | 28.043 28.928 29.822 30.731 31188 31.659
506.625 5.066 55 .0vS 186.60* | 190.44 193.99 197.30 200.43 201.94 203.42
|V | 3 250°* 3647 4 024 4 389 | 4747 | 4 923 5098
H 27.511*| 28.503 29.472 30.436 | 30.919 31.405
1 013.250 10.13 10 | S 183.11* | 187.07 190.66 193.98 | 195.57 197.31
‘ [V | 657" 1 879 2 086 2 282 \ 2 377 | 2 470
‘ | H 28.020 | 29.091 | 30.122 | 30.631 | 31.140
1519.875 15.20 | 15 S 182.36 186.33 | 189.87 191.55 | 193.17
| v \ 1154 1313 | 1457 | 1 526 | 1 594
Hi 27.440°| 28.669 | 29.787 | 30.328 | 30.862
2 026.500 20.26 20 IS | 178.28* | 182.83 | 186.69 | 188.46 190.16
v | 779.0* | 9215 1043 | 1099 | 1183
‘ | | H | 28.182 | 29.423 | 30.006 | 30.570
2533.125 | 25.33 | 25 |S| 179.67 | 183.95 | 185.85 | 187.64
‘ \ [V 679.5 l 791.2 | 841.0 888.2
j ‘ | H | 27.598 29.024 \ 29.656 | 30.261
3039.750 | 30.40 J‘ 30 S| | 176.50 \ 181.43 183.51 | 185.43
; | V| | | 510.9 | 6208 | 667.3 | 7103
‘ ‘ ‘
\ \ | H | ‘ \ 28.060 28.861 | 29.579
4 053.000 | 40.53 | 40 | S| | 176.52 \ 179.15 | 181.44
| Y | | | 399.0 4451 | 4852
; ; [H] ‘ \ | 26.475 | 27.835 28.774
5 066.250 50.66 50 |S ‘ \ 170.17 174.63 177.62
V | 239.7 302.7 345.4
H : 26.109 27.757
6 079.500 60.80 60 S 168.27 17351
(N LV | 185.9 246.4
| H 20.822 23.974
L4 8 106.000 81.06 80 S 150.65 160.64
o) |V | 62.3 99.9
i \ | H 19.947 22.021
g 10132.500 [101.32 1100 S ‘ 147.46 154.06
\ Y, 53.0 | 67.4
l 1 | J |
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PHYSICAL PROPERTIES (1)

T
T
Esnmamas:

Mean Molar Mass
Mean Molecular Weight 0.028 96 kg
One Mole of Air 0.028 96 kg
Specific Volume @ 21.1 °C, 101.325 kPa 830.3 dm?/kg; 13.3 ft*/Ib
Boiling Point of Liquid @ 101.325 kPa (Bubble Point) (2) 78.8 °K —194.35 °C; —317.8 °F
Condensation Point of Vapor @ 101.325 kPa (Dew Point) 81.8 °K; —191.35 °C; —312.4 °F
Absolute Density, Dry Air @ 101.325 kPa @ 0 °C 1.293 1 kg/m?
Density Liquid Air
For liquid densities under saturation pressure, see Table 1.
Critical Constants (2)
@ Plait Point:
Temperature 132.42 °K; —140.6 °C; —221.3 °F
Pressure (maximum) 3 774 kPa; 37.74 bar; 547.4 psia; 37.25
atm
Volume 3.048 dm”/kg
Density 0.328 kg/dm"
@ Point of Contact:
Temperature (maximum) 132.52 °K; —140.6 °C; —221.1 °F
Pressure 3 766 kPa; 37.66 bar; 546.2 psia;: 37.17
atm
Volume 3.126 dm®/kg
Density 0.320 kg/dm°®
Molar Specific Heat, Gas @ 101.325 kPa @ 26.85 °C
(@ Constant Pressure ' 29.13 kJ/(kmol-°K); 29.13 J/(mol-
°K); 0.240 Btu/(Ib-°F)
Constant Volume 20.8 kJ/(kmol-°K); 20.8 J/(mol-.°K);
0.172 Btu/ib-"F
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Specific Heat Ratio, Gas @ 101.325 kPa, @ 26.85 °C
Cp/Cv 1.400
Viscosity, Gas @ 101.325 kPa, @ 26.85 °C 0.018 53 mPa-s; 0.018 53 mN-.s/m?:
0.018 53 cP
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(For viscosity vs. temperature curve, see Figure 1.)

Viscosity, Liquid @ —192.3 °C 0.172 mPa-S; 0.172 mN-.-s/m? 0.172
cP

Thermal Conductivity, Gas @ 101.325 kPa, @ 26.85 °C 0.027 79 W/(m-°K); 62.72 X 10" ° cal-

cm/(s-cm?® °C)

1

P T HEE Solubility In Water @ .101.325 kPa (partial pressure of air) @
FIG. 4 ! 20 °C 18.68 cm”® air// water

ACETYLENE
(in Acetone)

FULL CYLINDER PRESSURE vs TEMPERATURE

Description Table 1

B
H

Component Mole % Weight %

Air is a mixture, the composition of which varies with the
altitude at which the sample is taken, i.e., its composition Nitrogen 78.084 75.521
begins to change materially above 62 miles. It is shipped in Oxygen 20.946 23.139
steel cylinders generally at 15 170 kPa (2 200 psig) and Argon 0.934 1.288

13 790 kPa (2 000 psig), and in lecture bottles at 12 240 kPa ; ;
(1775 psig) at 21.1 °C. Carbon Dioxide 0.033 0.050

The average composition of dry air at surface altitudes is Rare Gases 0.003 0.002

shown in Table 1. o f :
Since air is a mixture, there are two vapor pressure curves, The average composition of rare gases in dry

one for the saturated liquid and the other for the saturated  air is shown in Table 2.

Matheson
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and dew points. The

— th the bubble
corresponding Wi oints of air is that oné

essential feature of the dew and bubble p e ity
phase should predominate (liquid at the bubble pm;: Y v e
the dew point) with the other phase being present theo oy
n infinitesimally small quantity In addition, the phenorr\necrm(:al
retrograde condensation associated with mixtures at the g
point is observed and values are obtained for the tyvo cr 3
Dfr'nr‘tts‘ the so-called plait point where the pressure IS a m.ax

point of contact where the temperature Is a

vapor

mum and the

maximum

' itro-
Table 2 does not show water vapor, ozone, oxides of nit

Table 2

PPM (By Volume)

n .18 £ 0.04 12.67
:gl(i)um : + 0.004 0.724
Krypton 1.139 = 0.01 3.295
Hydrogen 0.5 0.035
Xenon 0.086 + 0.001 0.390
Radon 6 x 107" 46 x 107"

Component PPM (By Weight)

gen, acetylene, methane and other hydrocarbons, and other
highly variable components of the air Except for water vapor,
these components are usually present only in trace quantities

or not at all

Specifications

Matheson offers several grades of air. These grades and
their specifications are shown below

Grade Specifications

Air, Ultra Zero Total hydrocarbons less than 0.1
ppm as CH,4

Total hydrocarbons 1 ppm max, CO
1 ppm max, CO, 300 ppm max

Total hydrocarbons less than 2.0
ppm as CH,

Air. CO. Free Total CO; equivalent less than 5 ppm

Air, Dry Dew Point —59.4 °C (—75 °F) max

Air, Emission Zero

Air, Zero Gas

Uses

Air is a source of oxygen, nitrogen and rare gases. Liquid air
Is used for low temperature cooling operations, while atmos-
pheric air is used in air conditioning systems or cooling of hot
liquids in heat exchangers. Air is the source of oxygen for
burning, respiration of plants and animals, decay, and industrial
oxidations. Zero grade air is regularly used as the oxidizer for

flame ionization detectors in chromatography and total hydro-
arbon analyzers

Precautions in Handling and Storage
The general rules stated in Appendix | should be observed
Materials of Construction

Since dry air is inert to metals and plastics at ambient
temperatures, no special materials of construction are re-

——

quired. However, any piping or vessels containing dry g
should be adequately designed by competent engineers, using

a safety factor conforming with the ASME code for presgye

piping.
Cylinder and valve Description

Dry air is packaged in DOT approved, high pressure steg|
cylinders which contain Compressed Gas Association (CGA)
cylinder valve outlet connection No. 590 (see Figure 1). The

JUTLET

Fig. 1. CONNECTION 590 .965”-14 LH INT. accepting a Bullet
Shaped Nipple

cylinder valve outlet has a 0.965 inch diameter internal thread,
left hand, accepting a bullet-shaped nipple. Lecture bottles
have a special dual valve %6"”-18 R.H. male and %e"-32 female.

Safety Devices

Cylinders containing dry air have safety devices of either the
frangible disc type or frangible disc backed up with fusible
metal, melting at approximately 100 °C (212 °F). These safety
devices are in an integral part of the cylinder valve, situated
opposite the valve outlet.

Recommended Controls

Automatic Pressure Regulators

In order to reduce the high cylinder pressure of air to a safe
working value consistent with a system’s design, the following
types of controls are recommended.

1. Single Stage Automatic Regulators

Single stage regulators will reduce cylinder pressure in one
stage to a delivery pressure in a particular range, depending
upon the design of the regulator and its spring load. A single
stage regulator will show a slight variation in delivery pressure
as cylinder pressure falls. The following single stage regulators
are available from Matheson:

Model No. Delivery Pressure Range
kPa bar (g) psig

19-590 28-345 0.28-3.45 4-50
3500-590 28-520 0.28-5.2 4-75
1L-590 28-550 0.28-5.5 4-80
1H-590 69-1 240 0.69-12.4 10-180
2-590 345-4 480 3.45-44.8 50-650
3-590 690-10 340 6.9-103.4 100-1 500
4-590 690-17 240 6.9-172.4 100-2 500

2. Two Stage Regulators

This type of regulator performs the same function as asingé
stage regulator. However, greater accuracy and control of the

P atheson

AIR

delivery pressure is maintained and the delivery pressure does
not vary as cylinder pressure falls. The following two stage
regulators are available from Matheson:

Model No. Delivery Pressure Range
kPa bar (g) psig

28-620 0.28-6.2 4-90
3104-590 28-690 0.28-6.9 4-100
8L-590 14-104 0.14-1.04 2-15
8-590 28-340 0.28-3.4 4-50
8H-590 69-690 0.69-6.9 10-100
9-590 138-1 720 1.38-17.2 20-250

3800-590

3. Low-Pressure Regulators

The above regulators are not satisfactory for accurate deliv-
ery pressures below 34.5 kPa (5 psig). Therefore, an auxilary
regulator specifically designed for low pressure is recom-
mended for use in series with any of the above standard type
regulators having delivery pressures to 345 kPa (50 psig).
Matheson has various models known as the Model 70 regula-
tors which may be obtained with delivery pressures ranging
from 0.5 kPa to 69 kPa (10 psig) as follows:

Model Delivery Pressure Range
No. kPa bar (g) psig

70B 0.5-3.0 0.005-0.030 2-12 inches wa-
ter column
0.5-5 psig

5-10 psig

70 3.4-34.5 0.034-0.345
70A 34.5-69 0.345-0.69

For air, the Model 70 regulator may be used in series with
the Model 1L-590 regulator; inlet pressure must not exceed
1724 kPa (250 psig) to obtain a delivery pressure of 3.4-34.5
kPa (0.5-5 psig).

Manual Controls

Manual needle valves for direct attachment to the cylinder
valve outlet are available. These types of controls are mainly
used where intermittent flows are necessary, or where it is
desired to control the flow of gas directly from the cylinder.
This type of needle valve will allow control of extremely low
flow rates on up to relatively large flow rates. However, pres-
sure cannot be controlled with such a valve, and if a line or
system becomes plugged, dangerous pressures can build up.
Matheson manual needle valves Model 50-590 and Model 52-
590 with gauge to indicate tank pressure are recommended
for use with dry air. These valve are normally supplied with
serrated hose ends, 2" compression fittings, or 4" NPT male
or female outlets. Manual control valve Model 4351-590 is
recommended for use with all grades of air, except the Dry Air
Grade.

For lecture bottles, regulator Model 3320 is recommended
as well as the control valves Model 30AR or Model 31B.

Flowmeters

In all cases where accurate flows of a definite value must be
known or reproduced, it is recommended that a suitable flow-
meter of the rotameter type, such as Matheson Series 7600
flowmeter units with 150 mm tubes and floats or the 7200

Matheson

Series flowmeter units with 65 mm tubes with a single float be
used. For dry air, flowmeters of brass construction are rec-
ommended, while for all other grades of air, flowmeters of
brass or stainless steel construction may be used.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is = 1.2%.

Shipping Regulations

Dry air is shipped in high pressure steel cylinders as a
nonflammable compressed gas, taking a DOT ‘‘Green Label

Commercial Preparations

Dry air is produced from ordinary air by first removing the
hydrocarbons by oxidation, then removing the carbon dioxide,
compressing and drying.

Chemical Reactions

Liquid air is a source of nitrogen, oxygen, neon, argon,
krypton, and xenon. These gases are obtained from liquid air
by complex fractionation and rectification processes.

The reactivity of air is due to its content of oxygen. Many
metals are converted to oxides when they are heated in air. In
organic chemistry, the oxygen in the air, while the cheapest
oxidizer, is relatively unselective and is seldom used in chemi-
cal syntheses in the laboratory. However, a number of chemi-
cals are produced industrially by oxidation with air frequently
using catalysts and moderately elevated temperatures. These
processes include the liquid phase of oxidation of acetaldehyde
or ethanol to acetic acid, the formation of a hydroperoxide from
a saturated hydrocarbon, the catalytic oxidation of methanol
vapor to formaldehyde, and the gas phase oxidation of various
hydrocarbons with or without a catalyst, to form a variety of
products.

Thermodynamic and Detailed Physical Data

For thermodynamic properties of the saturated liquid and
vapor and for the super heated vapor, see Tables 3 and 4,
respectively. For compressibility data, see Table 5

Thermodynamic Functions of Air As Ideal Gas (@ 26.85 °C

6.956 kJ/(kmol - °K)

6.956 J/(mol- °K)

1.662 cal/(mol-°C)
47 .533 kJ/(kmol- °K)
47.533 J/(mol- °K)
11.361 cal/(mol-°C)

2 080.144 J/mol
497.166 cal/mol

Heat Capacity, C;

Entropy, S°

Enthalpy Function
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Table 4. THERMODYNAMIC PROPERTIES OF SUPERHEATED AIR
H, ENTHALPY, kd/mol (5); S, ENTROPY, J/(mol-°K) (6); V, SPECIFIC VOLUME, cm”/mol (7)
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Pressure | Temperature, °K
kPa bar atm 100 125 ‘ 150 200 250 260 280 300 320 | 360 400 450
H‘ 6.493 7245‘T 7.993| 9.471 10.933| 11.224 11.806 12.388 12.971 14.139 15.309 16.775
101.325 1.013 25 1| S| 80.09 86.83 | 92.28 100.79 107.31 108.45 110.61 112.62 114.50 117.94 121.02 124 .47
V| 8031 10 146 12 233 16 373 20 495 21 319 22 365 24 610 26 255 29 543 32 830 36 937
H 6.455 1217 7.971 9.457 10.924 11.216 11.799 12.382 12.966 14.135 15.306 16.773
202.650 2.026 218 74.11 80.91 86.41 94 97 101.52 102.67 104.83 106.84 108.72 112.16 115.24 118.69
V| 3926 5016 6 078 8 167 10 238 10 651 11 477 12 302 13126 14 473 16 418 18 474
H 6.296 7.119 7.901 9417 10.897 11.191 11.779 12.365 12.951 14.124 15.299 16.769
506.625 5.066 51 S| 6543 72.78 78.48 87.21 93.82 94 .97 97.15 99.17 101.06 104.52 107.62 111.08
L 1 456 1 937 2 385 3 244 4 084 4 251 4 584 4 916 5 248 5911 6 571 7 396
H 6.922 oo A 9.348 10.853 11.151 11.744 12.33% 12.926 14.106 15.286 16.762
1 013.250 10.132 10| S 65.91 7t 81.19 87.91 89.08 91.28 93.32 95.23 98.71 101.81 105.28
[ V] 905.5 1 1562.2 1 602.6 2 032.6 2117.5 2 286.5 24548 2 622.6 2 956.6 3 288.8 3703.2
H 6.392 7.484 9.204 10.764 11.069 11.675 12.27% 12.876 14.070 15.261 16.749
2 026.500 20.265 20| S 56.98 64.97 74 .89 81.85 83.05 85.30 87.38 89.31 92.82 95.96 99 46
V| 374.0 533.5 7821 1 007.3 1051.1 1 138.1 1224.4 1 310.2 1479.9 1 647.9 1 857.3
[H 6.767 8.909 10.584 10.904 11.536 12.159 12.776 13.999 15.211 16.722
4 053.000 40.530 40| S 55.56 68.02 7551 76.76 79.11 81.25 83.24 86.84 90.03 93.58
V| 219.8 372.8 496.0 519.3 565.2 610.4 654.8 742.3 828.2 934.7
H 5.566 8.599 10.403 10.739 11.397 12.041 12.676 13.927 15.161 16.694
6 079.500 60.795 60| S 45.52 63.45 71.83 72.85 75.29 17.59 79.56 83.24 86.49 90.09
V] 98.6 237.5 326.6 343.0 30,2 406.5 437 1 479.0 555 627.6
"H 4. 905 8.285 10.224 10.576 11.260 11.926 12.579 13.856 15.111 16.666
8 106.000| 81.060 80| S 39.97 59.87 68.55 69.93 72.46 74.76 76.87 80.63 83.94 87.60
[ V| 68.7 171.8 2427 255.7 280.8 305.0 328.8 374.9 4194 474.4
H 4.599 7.987 10.051 10.419 11.130 11.818 12.488 13.790 15.065 16.639
10 132.500| 101.325 100 | S 37.08 56.88 66.13 67.57 70.20 72.57 74.73 718.57 81.93 85.63
Vv 58.9 133.3 193.0 203.8 2247 2447 264 .2 301.8 338.1 382.7
T 4.123 7.105 9.419 9.835 10.637 11.405 12.144 13.560
20 265.000 | 202.650 200 S 30.51 47.77 58.13 59.76 62.73 65.38 67.76 71.93
| V| 46.4 70.4 100.0 105.7 116.8 127.5 137.9 157.7
H 4116 6.926 9.240 9.664 10.485 11273 12.034 13.491
25 331.250 | 253.312 250 | S 28.96 45.20 55.56 57.22 60.27 62.99 65.44 69.73
|V | 44.0 61.3 83.7 88.2 97.0 105.5 113.8 129.8
H 4178 6.845 9.135 9.561 10.389 11.189 11.965 13.453
30 397.500 | 303.975 300 |S 27.90 43.29 53.54 55.21 58.28 61.04 63.54 67.92
V| 42 .4 55.9 73.5 77.2 84 .4 91.4 38.3 111.6
"H 6.832 9.086 9.511 10.341 11.147 11.933
35 463.750 | 354.638 350 | S 41.84 51.92 53.59 56.67 59.45 51.99
Vv 52.3 66.7 69.8 75.8 81.7 87 .5
H 6.863 9.079 9.502 10.331 11.140 11.931
40 530.000 | 405.300 400 | S 40.70 50.59 B2.25 55.32 58.11 60.66
V' 49.7 61.8 64.4 69.6 74.7 79.7

div

div




kPa

VAPOR PRESSURE

Table 5. COMPRESSIBILITY FACTOR FOR AIR, Z = PV/RT (8)
PRESSURE, kPa; atm SHOWN BELOW kPa VALUES IN PARENTHESES

Tempera-

ture, 'K

101.325
(1)

405.3
(4)

709.3
(7)

1013.2
(10)

4053.0
(40)

7 092.8 101325
(70) (100)

100
150
200
250
300
350
400
500
600
700
800
900
000
500
2 000
2 500
3 000

0.980 90
0.994 07
0.997 67
0.999 06
0.999 70
1.000 02
.000 19
000 34
000 38
000 38
.000 37

000 33
000 24
.000 35
003 6

1
1
1
1
1
1.000 35
1
1
1
1
1.025 2

0.975 91
0.990 67
0.996 24
0.998 79
1.000 08
.000 79
.001 37
.001 52
.001 53
.001 48
.001 40
.001 32
.000 98
.000 85
1.002 4

1.0133

0.957 16
0.983 67
0.993 52
0.997 97
1.000 21
1.001 41
1.002 42
1.002 67
1.002 68
1.002 59
1.002 46
1.002 31
1.001 71
1.001 40
1.002 4

1.0107

0.937 8

0.976 66
0.990 82
Q99717
1.000 35
1.002 05
1.003 48
1.003 85
1.003 85
1.003 71
1.003 51
1.003 31
1.002 45
1.001 96
1.002 6

1.009 5

0.683 2
0.908 0
0.966 80
0.991 35
1.003 26
1.009 46
1.014 54
1.015 74
1.015 58
1.014 93
1.014 11
1.013 25
1.009 78
1.007 6
1.006 6
1.009 2

0.8105
0.9417
0.9933
1.0176
.0299
.0393
.0408
.0397
.0379
.0356
.0333
.024 4
.0188
.0155%
.01561
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ALLENE

(Synonym: Propadiene)
(Formula: CHQ:C:CHQ or C3H4)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of CzH,4

Specific Volume @ 21.1 °C, 101.325 kPa
Vapor Pressure @ 21.1 °C

Boiling Point (@ 101.325 kPa

Freezing Point @ 101.325 kPa

Absolute Density, Gas (@ 101.325 kPa @ 20 °C (Air = 1)
Density, Liquid (@ Saturation Pressure @ —20 °C

Critical Temperature

Critical Pressure

Critical Volume

Critical Density

Critical Compressibility Factor
Flammability Limits In Air

0.040 065 kg

0.040 065 kg

599.3 dm®/kg; 9.6 ft°/Ib

873.5 kPa; 8.74 bar; 116.7 psig; 8.62
atm

238.65 °K; —34.5 °C; —30.1 °F

136.85 °K; —136.3 °C; —213.3 °F

1.415

0.647 kg/!

393.15 °K: 120.0 °C; 248.0 °F

5239 kPa; 52.4 bar 759.8 psia; 51.7
atm

4.049 dm”/kg

0.247 kg/dm?

0.281

1.5-11.5% (by volume)

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C @ Constant

Pressure

Viscosity, Gas @ 101.325 kPa @ 0 °C

Viscosity, Liquid @ —80 °C

Thermal Conductivity, Gas @ 101.325 kPa @ 25 °C
Thermal Conductivity, Liquid @ —40 °C

Surface Tension @ —40 °C

60.84 kJ/(kmol-°K); 60.84 J/(mol-
°K); 14.54 cal/(mol-°C) 0.363 Btu/
(Ib>"F)

0.007 6 mPa-s; 0.007 6 mN-s/m?;
0.007 6 cP

0.380 mPa-s: 0.380 mN-s/m?; 0.380
cP

0.015 69 W/(m-°K); 37.5 x 10~ ° cal-
cm/(s-cm?.°C

0.148 43 W/(m-°K); 354.8 x 10 ° cal-
cm/(s.-cm” °C)

16.5 mN/m; 16.5 dyn/cm

Heat of Combusion, Gas @ 25 °C and Constant Pressure Gross, to

form H,O(lig) + CO.(gas)
Net, to form H,O(gas) + CO.(gas)

Description

The simplest member of the 1,2-diene class of compound is
allene. Allenes are not as stable as conjugated dienes (1,3-
dienes) or isolated dienes. Allene is slightly more strained than
the isomeric methylacetylene. It isomerized to methylacetylene
in the presence of strongly basic substances, such as sodam-
ide in liquid ammonia or potassium hydroxide in ethanol.

Allene is a colorless, flammable gas at room temperature
and atmospheric pressure. it is readily liquefied and is shipped
as a liquefied gas under its own vapor pressure of 703 kPa
(102 psig) at 21.1 °C.

Specifications

Allene has a minimum purity of 97%.

Matheson

1 944 .35 kd/mol; 464.71 kcal/mol
1 856.32 kd/mol; 443.67 kcal/mol

Uses

Allene is of interest chiefly in organic synthesis.

Toxicity

The toxicity of allene has not been fully investigated. It may
have slight narcotic properties ana act as a simple asphyxiant
Allene should always be handled with adequate ventilation

First Aid Suggestions

Exposure to high concentrations of allene may cause intox-
ication and loss of coordination. Persons with such symptoms
should be removed to uncontaminated air and a physician
called at once. If the exposure was severe enough to cause
unconsciousness, oxygen should be administered. If breathing
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in Handling and Storageé .
its extreme flammability.
as away from heat

Precautions
Allene is hazardous because of
~llene in well-ventilated are

} er
~f ianition such as flames and sparks. |N?vn
aks of allene; use a soap water solu jon.
ors or other non-explo-

tore and use
ources
nas to detect le

allene around sparking mot

- oroof equipment. Do not store reserve stoeks of all;r:;
f - inders containing oxygen, chlorine, or 0
B Il lines and
) xidizing or flammable materials. Ground a
y ont used with allene

idition. the general rules stated in ADDG”diX | should be

Leak Detection
¢ allene in lines and equipment may be detected by
‘ted sites with soapwater solution; leaks will

Leaks
pair ting the suspe

e evident by bubble formation

¥

Disposal of Leaking Cylinders
nfer Appendix Il-A for disposal procedure.

Materials of Construction

allene is non-corrosive, most common or commercially
v e metals may be used. If allene is to be used under
ressure at elevated temperatures, isomerization to methyla-

etvlene may occur and in this event copper and silver and
their allovs should not be used because of the possibility of
forming explosive acetylides. Piping systems and vessels to

n allene should be designed to have a working pressure
pecified by competent engineers using a safety factor
nforming to the ASME code for pressure piping.

Cylinder and Valve Description

Allene is shipped in DOT approved steel cylinders. Cylinders
{f allene are equipped with Compressed Gas Association
CGA) valve outlet No. 510, having a thread size of 0.885 inch
ter, left-hand internal threads accepting a bullet-shaped
nipple (see Figure 1). Lecture bottles have a special dual valve

Fig. 1. CONNECTION 510 885"-14 LH INT

5
¥

accepting a Bullet

D¢
3

e Inch-32 threads per inch female

Safety Devices

\ave as safety devices spring-loaded

cylinder pressure becomes danger-

—
ously high (usually due to overheating) the safety reljgf device

will open at approximately 2 586 kPa (375 psig) ang releage

allene until the pressure again returns to a safe leve|.

Recommended Controls

Automatic Pressure Regulators

Matheson supplies automatic pressure single stage regyay
Model 1P-510 for allene service. The delivery pressure range
of this regulator is 28-240 kPA (4-35 psig). The regulator hys
a brass body and fabric reinforcedl neoprene rubber .
phragm. No cylinder pressure gauge |e necessary in this reg-
ulator since it would not indicate cyclinder content, byt only
vapor pressure which will remain constant as long as liqui
remains in the cylinder. Cylinder content is determineg |
weight. To prevent suckback, a check valve is recommengy
for use with the regulator. This regulator is not satisfactoryfy
pressures below 14 kPa (2 psig). For this purpose, Mathes
supplies a Model 70 low pressure regulator. This regulator
an oversized pancake body of die cast aluminum with a By
N diaphram. The Model 70-51 0 regulator has a delivery pres
sure range of 3.4-34.5 kPa (0.5-5 psig). It gives sensitive aif
very accurate low pressure control.

Single stage regulator Model 3321 with delivery pressus
range 28-410 kPa (4-60 psig) is recommended for use wif
lecture bottles.

Manual Controls

Matheson needle valve Model 50-510, a brass bar sto
valve, is available for direct attachment to the cylinder val
outlet. This valve may be equipped with a variety of outlets ('
NPT male or female pipe, or 4" compression fitting) but
usually supplied with a serrated hose end. The valve is us
for intermittent flow control directly from the cylinder, butt
requires constant attention by the user. Such a manual flox
control will not effectively control pressure and should not
used where pressure control is necessary.

Needle valve Model 31B is recommended for use with lectu
bottles.

Flowmeters

Matheson series 7600 laboratory brass flowmeter units¢
the rotameter type are recommended where definite flow raiés
must be known.

Electronic mass flowmeters, such as Matheson Series No
8116 and No. 8160, should be used where accurate readin
are required. Calibration is unaffected by temperature &
pressure changes, and flow rates may be recorded from (¢
instrument's electrical output.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel "
Series 8260 of type 316 stainless steel or monel are designe
to control the flow of gas regardless of pressure and tempér
ture changes. These mass flow controllers consist of a &
ducer, a control valve, a blind controller/power Suppl:£
Potentiometer, and a digital indicator. The transducer sens®
the gas flow and sends a signal to the power supply: Th

P athesor

ALLENE

signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
mbalance. The accuracy is £ 1.2%

Shipping Regulations

Allene is classified by the DOT as a flammable, compressed
gas and is shipped with the required ‘'‘Red Gas Label

Chemical Preparation

Allene is made by the action of zinc dust on 2,3-dichloropro-
pene or 2,3-dibromopropene in 2-methoxyethanol. Pyrolysis of
isobutylene at 600-885 °C under controlled pressure and
contact time gives a mixture of allene and methylacetylene in
yields of about 60 mole %. It is also obtainable by the electrol-
ysis of potassium itaconate.

Chemical Reactions

The following reactions are presented to indicate the scope
of the reactivity of allene. Allene and the related 1,2-dienes are
distinguished from other dienes by their isomerization to acet-
ylenes on treatment with metallic sodium or sodamide. Isom-
erization of allene to methylacetylene is also effected in the
vapor phase with hydrogen fluoride at 300 °C. In the presence
of sulfuric acid, allene may be hydrated to acetone, probably
through the intermediate formation of the enol form CH.:
C(OH)CHs. Allene reacts with alcoholic potassium hydroxide to
give ethyl isopropenyl ether. Allene reactions with hydrogen
cyanide to form 2-methylacrylonitrile CH.:C(CH3)CN and cro-
tononitrile CH;CH:CHCN. Bromine (2 moles) adds to allene to
give 1,2,2,3-tetrabromopropane. Hypochlorous acid reacts
with allene in two ways: (a) to give dichloracetone
CICH,COCH,CI, and (b) to give 2-chloro-2-propen-1-ol CH,:
CCICH,0OH which can react further to form 1-chloro-3-hydroxy-
2-propanone CICH,COCH,OH. Allene reacts with diazometh-
ane CH.N. in ether at elevated pressures and temperatures to
form methylenepyrazoline. Tetrafluoroethylene adds to allene
at 150 °C to give 1,1,2,2-tetrafluoro-3-methylenecyclobutane

Thermodynamic and Detailed Physical Data

Molecular Structure

Allene is a linear molecule with the two CH, groups perpen-
dicular to one another. The molecule has V, symmetry (2). The
structural parameters of allene as determined by electron dif-
fraction (3) are as follows: Cs=Cg bond distance 1.311 6 X
107 m (1.311 6 A); Cs—H bond distance 1.081 6 X 107" m
(1.081 6 A): H,—H, distance 1.858 2 X 107'°m (1.858 2 A);
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H,—H, distance 3.725 0 X 107" m (3.725 0 A); H—C—H
bond angle 118.5°. The notation for the allene molecule is

shown below

Infrared Spectrum

See Figure 2 for the infrared spectrum of gaseous allene

Vapor Pressure (4)

Vapor pressure values between —100 and 120 °C are shown
below

Temperature Vapor Pressure
kPa
G bar atm
100 1.24 0.012 4 0.012 2
80 8.31 0.083 1 0.082
—60 31.0 0.3100 0.306
40 88.96 0.889 6 0.878
- 20 193.5 1.935 1.91
0 386.0 3.860 3.81
20 758.9 7.589 7.49
40 1 206.8 12.068 11.91
60 1792.4 17.924 17.69
80 2 895.9 28.959 28.58
100 3 861.5 38.615 38.11
120 (CT) 5 239.5 53.395 51.71 (CP)

See Figure 3 for vapor pressure vs temperature curve

Latent Heat of Vaporization, AHv

Temperature (°C) AHv, kJ/kg
~-80 1356.6
—40 125.0
0 111.0
40 95.0
80 73.5

Thermodynamic Properties of Allene as Ideal Gas (@ 25 °C

Heat Capacity, C, 58.994 J/(mol-. °K)
Entropy, S 243.927 J/(mol-°K)
Enthalpy Difference, Hige-Hz73 1.431 kdJ/mol
Enthalpy of Formation, AH; 192.13 kd/mol
Free Energy of Formation AF; 202.38 kJ/mol
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AMMONIA
(Synonym: Anhydrous Ammonia)
(Formula: NH;)
PHYSICAL PROPERTIES (1)
Molar Mass
Molecular Weight 0.017 031kg
One Mole of NH; 0.017 031 kg
Specific Volume @ 21.1 °C, 101.325 kPa 1 410.9 dm®/kg; 22.6 ft*/Ib
Vapor Pressure @ 21.1 °C 888.0 kPa; 8.88 bar; 128.8 psia; 8.76
atm
Boiling Point @ 101.325 kPa 239.72 °K; —33.4 °C; —28.2 °F
Triple Point
= ) (3 S H Temperature 195.41 °K; —77.7 °C; —107.9 °F
S EssssssEESESssasmsmssEEEETECRCE ey sammenRES SEEEE SRR Pressure 6.077 kPa; 60.77 mbar; 45.58 mmHg
EEsssEEmEnssssswanSSREOSCSEC L nEnEy dEREEESRS o Absolute Density, Gas @ 101.325 kPa @ 25 °C 0.706 7 kg/m®
e e e e e ; | Relative Density, Gas @ 101.325 kPa @ 25 °C (Air=1) 0.597
SSsssS==s==== SSS=SS ==ss2 STy £ e == Density, Liquid (@ Saturation Pressure @ —33.7 °C 0.682 8 kg//
E e EEEmsmmemmgeer S I - Critical Temperature 405.55 °K; 132.4 °C: 270.3 °F
f H e = o e v ‘ Critical Pressure 11 277 kPa; 112.77 bar; 111.8 atm
| SEssmmsssssssssssssss EESERSRSCIRSSESS Sp | Critical Volume 4.251 dm®/kg
ESEESESESSE e e e L ey e e o | Critical Density 0.235 kg/dm®
e Critical Compressibility Factor 0.242
8 o SSS==2 = Latent Heat of Fusion @ —77.7 °C 5.655 kJ/mol; 1 351.6 cal/mol
- X ; Flammability Limits In Air 15-28% (by volume)
W J | Dipole Moment, Gas 4.9 X 107 C.m; 1.47 D
% @ , Molar Specific Heat, Gas @ 101.325 kPa @ 46.8 °C
% i 100 | ——o ' (@ Constant Pressure 36.953 kJ/(kmol-°K) 36.953 J/(mol.
W - s [ o °K) 8.832 cal/(mol.°C)
a a 8 f . @ Constant Volume 28.28 kJ/(kmol-°K) 28.28 J/(mol-°K)
Cor e | 6.76 cal/(mol-°C)
a 8 ! Specific Heat Ratio, Gas @ 101.325 kPa @ 46.8 °C, Cp/Cv 1307
§ g 5 1 Molar Specific Heat, Saturated Liquid @ —77.7 °C 73.136 kJ/(kmol:-°K) 73.136 J/(mol-
Fl====S===E= I °K) 17.480 cal/(mol- °C)
i Viscosity, Gas @ 101.325 kPa @ 20 °C 0.009 82 mPa-s 0.009 82 mN-s/m?
3 - 0.009 82 cP
........ = Viscosity, Liquid @ —33.5 °C 0.255 mPa-s 0.255 mN-s/m? 0.255 cp
‘ Thermal Conductivity, Gas @ 101.325 kPa @ 0 °C 0.022 18 W/(m-°K) 53.0 X 10°° cal-
= 5 e 1 e 1 e e e DI ; cm/(s-cm?.°C)
..... i e o 1 6 O e 1 _J__ Thermal Conductivity, Liquid @ 10 °C 0.501 7 W/(m-°K) 11.99 X 10™* cal-
: o | . T 5 P e ' ; cm/(s<cm=+2C)
| Surface Tension @ —40 °C 44.55 mN/m 44.55 dyn/cm
Solubility In Water @ 101.325 kPa (total pressure) @ 20 °C 34.6 kg NH3/100 kg of solution®
= —— T Autoignition Temperature 8924 °K;' 6561°°C; 1'204'°F
' I e SRRERESE Refractive Index, Gas @ 101.325 kPa, np @ 25 °C 1.000 344 2
ElEERne et —+——t——1 ; g
EENRANE SN FIG. 3 ABMEor Dielectric Constant
e e, ALLENE S h=: Gas @ 0 °C 1.007 2
ESSgE=SES. ERREEST Liquid @ —33.4 °C 22.4
| VAPOR PRESSURE vs TEMPERATURE | 4
S PR T o e v e e e e e -V‘TJM
Socssson o e DR A e BB 5 Description Specifications
M‘*‘*‘*M*\— S=SS e e o S S o ST At room temperature and atmospheric pressure, ammonia is Matheson supplies two grades of ammonia: an Electronic
___*__Nm o e e e e | [BEsac=: a colorless, alkaline gas having a pungent order. Ammonia Grade and an Anhydrous Grade. The Electronic Grade has a
H e o e R, s I e 7 R R 5 | dissolves readily in water. It is shipped as a liquefied gas under minimum purity of 99.998% in the liquid phase. The Anhydrous
*‘\NM____%_ I BEERl its own vapor pressure 787 kPa (114.1 psig) at 21.1 °C. Grade has a minimum purity of 99.99%.
| | I f B [ 1] 8 ‘ Tl =
P L S S E VNN AN 12 Matheson

140 -120 -100 -80 -g0 -4 20 o 20 40 60 BE—TOO 120 23

TEMPERATURE °C




VAPOR PRFSSQIIRE _ kDo

AMMONIA

Uses | |
est commercial refrig-

and compression
the standpoint of
t is used in the

Anhydrous ammonia IS one of the old ,
erants known. It is used in both absorption
type systems. Its most extensive use fvrom‘ _
volume is in soil fertilization In this application | e
form of ammonia, ammonia salts, nitrates, and urea.h t| o
d to ammoniate fertilizers containing superphosp a.e .
en solutions which are water solutions
ammonia and ammonium nitrate, or urea, orlboth. Anhyc(jjr?urs1
ammonia is applied to the soil by direct injection or py a_d i lod
ation water.,Ammonia, or dissociated ammonia, .|s.uvse
in such metal treating operations as nitriding, carpo-nltrlglpdgé
bright annealing, furnace brazing, sintering, sodium .hy 'rl
descaling, atomic hydrogen welding, and othgr appllcatlons
where protective atmospheres are required. Dissociated am-
monia is also used as a convenient source of hydrogen for the

and oils. Through the controlled combus-
enis

use

in making nitrog

to irrig

hydrogenation of fats :
tion of dissociated ammonia in air, a source of pure nitrog
achieved o

The petroleum industry utilizes anhydrous ammonia in ngu-
tralizing the acid constituents of crude oil and in protecting
equipment such as bubble plate towers, heat exchangers,
condensers, and storage tanks from corrosion.

Ammonia is used in extracting such metals as copper, nickel,
and molybdenum from their ores.

Ammonia can be oxidized to nitric oxide which is converted
to nitrogen dioxide to ultimately furnish nitric acid (Ostwald

process); in the lead chamber process for manufacturing sul-
furic acid, ammonia is oxidized to nitrogen oxides which are
needed to convert sulfur dioxide to sulfuric acid. Most industrial
and military explosives of the conventional types contain nitro-
gen, and ammonia is the basic source of nitrogen in their

manufacture

As a processing agent, ammonia is used in the manufacture
of alkalis, ammonium salts, dyes, pharmaceuticals, cupram-
monium rayon, and nylon

A diluted solution of ammonia in water is used as a common
household cleansing agent. More concentrated forms are used
extensively as chemical reagents.

A recent development is the substitution of ammonia for
calcium in the bisulfite pulping of wood. This improves the yield
and quality of the pulp. Ammonia is also used as a solvent for

casein in the coating of paper
Ammonia is used in the rubber industry for stabilization of
raw latex to prevent coagulation during transportation and
storage
Ammonia is used as a catalyst in the phenol-formaldehyde
ondensation and also in the urea-formaldehyde condensation

te

make synthetic resin

Anhydrous ammonia is used in combination with chlorine to
purity municipal and industrial water supplies.

Effects in Man (2) (3)

Ammonia acts principally on the upper respiratory tract,
where it exerts an alkaline, caustic action. It produces respi-
ratory reflexes such as coughing and arrest of respiration. |t
iffects the conjunctiva and cornea immediately. Inhalation
causes acute inflammation of the respiratory organs, cough,

—

dema of the lungs, chronic bronchial catarrh, Secretion of
e

saliva and retention of urine.
Acute Toxicity (4)

systemic Effects

Ammonia is not a systemic poison.

Local Effects

Inhalation of high concentrations produces violent coughing
due to the local action on the respiratory tract. If rapid escape
is not possible, severe lung irritatloh, pulmonary edema ang
death can result. Lower concentrations cause eye irritation,
laryngitis and bronchitis. lSee Table 1 for effects of varioys
concentrations of gas in air. ‘ .

Swallowing of the liquid results in severe corrosive action of
the mouth, throat, and stomach.

Exposure to high gas concentrations may cause temporary
blindness and severe eye damage. Direct contact of the eyes
with liquid anhydrous ammonia will produce serious eye burns.

Liquid anhydrous ammonia produces skin burns on contact

Chronic Toxicity (4)

Chronic irritation to the eyes, nose, and upper respiratory
tract may result from repeated exposure to the vapors.

Threshold Limit Value (TLV)

The 1979 ACGIH has adopted a TLV of 25 ppm (18 mg/m’)
with 35 ppm (27 mg/m®) adopted as a Short Term Exposure
Limit (STEL).

First Aid Treatment (3) (4) (5)

The first aid treatment (as suggested in references 3, 4, and
5) should be carried out at once.

General

Speed in removing ammonia from contact with the patient
and in moving him to an uncontaminated atmosphere is of
primary importance. Summon a physician immediately for any-
one who has been burned or overcome by ammonia. Untila
physician arrives, and after having accomplished as thorough
removal of ammonia as possible, keep the patient warm and
quiet, and take such specific action as may be indicated.

Specific Actions

Inhalation

The conscious person who has inhaled a concentration of
ammonia which causes irritating effects should go to an uncor-
taminated area and inhale fresh air or oxygen. Eye, nose, and
throat irritation should be treated as described below for moré
serious exposures. However, if the exposure has been to minor
concentrations for a limited time, usually no treatment will be
required. A worker overcome by ammonia must be carried to
an uncontaminated atmosphere and, if breathing is labored of
has ceased, given artifical respiration (back-pressure, armift
Or mouth-to-mouth resuscitation) immediately, preferably by
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trained personnel. When breathing has been restored, 100%
oxygen is administered, but not for more than 1 hour of contin-
uous treatment at one time. Oxygen therapy may be interrupted
after 1 hour and reinstituted as the clinical condition indicates.
Observe for laryngeal spasm and perform tracheostomy if
indicated. In case of severe exposure, the patient should
breathe 100% oxygen under positive exhalation pressure (4
cm) for one-half hour periods every hour. Treatment may be
continued in this way until symptoms subside or other clinical
indications for interruption appear.

Contact With Skin

if skin contact is extensive and emergency showers avail-
able, the victim should get under the emergency shower im-
mediately. Contaminated clothing and shoes should be re-
moved under the shower. In other cases, the affected areas
should be washed thoroughly with large amounts of running
water for at least 15 minutes. Do not apply salves or ointments
to skin burns during the 24 hour period following the injury.
Subsequent medical treatment is otherwise the same as for
thermal burns.

Contact With Eyes

Call a physician at once. Immediately begin irrigation of the
eyes with copious amounts of clean water while holding the
eyelids apart. Continue irrigation for 15 minutes. Repeat this
procedure every 10 min for an hour, each time irrigating for a
period of 5 minutes. If readily available, a 5% boric acid solution
may be used instead of water, but irrigation must not be
delayed while such a solution is sought or prepared. Prompt
and thorough irrigation is of primary importance.

Any standard anesthetic solution for ophthalmic use ordered
by the physician may be instilled for control of severe pain, but
only after the 15 minute period of irrigation has been com-
pleted. Continuous cold boric acid compresses should be used
for cases of severe injury, in addition to irrigation. No oils or
ointments should be instilled until after the eye has been
examined by a qualified physician, and then only as prescribed
by him. Ulcers of the cornea should be treated by an ophthal-
mologist.

Contact With Nose and Throat

Irrigate the nose and mouth continuously for 15 minutes. If
the patient can swallow, encourage him to drink large quantities
of 2% citric acid solution or lemonade.

Taken Internally

If liquid anhydrous ammonia has been swallowed, call a
physician immediately. If the patient is conscious and able, he
should drink large amounts of water to dilute the chemical. Do
not induce vomiting if the patient is in shock, extreme pain or
is unconscious. If vomiting begins, place the patient face down
with head lower than hips; this prevents vomitus from entering
the lungs and causing further injury.

Precautions in Handling and Storage

The following specific precautions in addition to the general
precautions given in Appendix | should be observed:

Matheson

1. Anyone working with ammonia should wear rubber
gloves, chemical goggles, and a rubber or plastic apron.

2. Ammonia cylinders should never be directly heated by
steam or flames. Uncontrolled heating of a cylinder can cause
the liquid to expand to a point where dangerous hydrostatic
pressures will be developed. Any heating should be done in a
thermostated water or oil bath. The temperature should not be
allowed to exceed 51.7 °C (125 °F). Cylinders containing less
than 165 pounds of ammonia are not equipped with safety
devices.

3. Withdrawal of gas should be performed in a well-venti-
lated area or in a hood.

4. A gas mask approved by the Bureau of Mines and a water
supply (showers and eye-bath) should be conveniently located
in cases of emergency.

5. Weigh ammonia cylinders to determine contents. The tare
weight is stamped on all cylinders.

6 Manifolded cylinders of ammonia should have check
valves at the cylinder outlets to prevent exchange of material
from one cylinder to another and causing a cylinder to become
overfull.

7. Although ammonia does not represent a serious flam-
mability hazard, mixtures of air and ammonia containing from
15 to 28% ammonia by volume will ignite when sparked or
exposed to temperatures exceeding 648.9 °C (1 200 °F);
therefore, flames and sparks should not be allowed in the area
where ammonia is being used.

8. Since ammonia is extremely soluble in aqueous solutions,
a trap or check valve should be used to prevent the suckback
of materials into the cylinder. Suckback can cause an ex-
tremely corrosive condition to form within a cylinder, aside
from the possibility of having a violent reaction take place
within the cylinder. Any accidental suckback should be re-
ported to the supplier immediately.

Leak Detection and Control

Leaks can be detected by passing an open bottle or a
squeeze bottle containing concentrated hydrochloric acid in
the vicinity of the suspected leak. Dense white fumes of am-
monium chloride will be formed at the leak site. Wet red litmus
or phenolphthalein paper will undergo a color change in an
ammonia atmosphere and are of aid in detecting small ammonia
leaks.

Serious leaks that cannot be stopped in a reasonable amount
of time should be doused with water which will take up the
ammonia and prevent the atmosphere from becoming contam-
inated.

Cylinder valves may develop leaks through the packing which
can be stopped by tightening up on the packing nut. The
packing nut is tightened by turning counter-clockwise as
viewed from above since the threads are left hand.

Leaks through the valve outlet that cannot be stopped by
shutting off the valve can be stopped by inserting %" pipe
plugs in the valve outlet.

Disposal of Leaking Cylinders

Consult Appendix II-B for procedure of disposal of leaking
ammonia cylinders.
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Analytical Detection | '
' r can be determined with

Detector Model 8014K,
and reproducible results.
d for high concentrations

The concentration of ammonia in ai
the Matheson Kitagawa ToxiC Gas
which gives accurate, dependable,

Detector tubes Model 105SA are use 4
(1-25%) and Model 105SC for low (5-260 ppm) concentratio

i i tector
ranges of ammonia. A color stain is produceq in tfhtera1 dzamme
mbr:- which varies in length with the concentration 0 ' etl i
being measured. The concentration is then read directly
the tube

The concentration of ammoni

f

by titration. A known volume O _
ized

bubblers in series containing a known volume of standardiz

0.02 N sulfuric acid, the solution in each bubbler comb{ned
quantitatively, and the excess acid titrated with standardized
0.02 N sodium hydroxide, using methy! red indicator. .

A colorimetric method using Nessler reagent is also available
to determine small amounts of ammonia (6).

a in air can also be determined
the air is passed through two

Materials of Construction

Iron and steel are recommended for all equipment coming in
contact with ammonia. Copper, tin, zinc and their alloys gre
attacked by moist ammonia and should not be used. Piping
should be rigid steel except where short connections are
needed such as between cylinders and manifold or pipe lines.
For these applications a steel reinforced, flexible, neoprene
line is recommended.

For permanent installations, tongue and groove, flanged
fittings with lead or asbestos composition gaskets are recom-
mended. In order to reduce maintenance all joints should be
welded wherever possible

Wherever there is a possibility of trapping liquid ammonia in
lines that become shut off at both ends, the line should be
protected by a properly vented relief valve.

Ammonia can combine with mercury to form explosive com-
pounds. Any instruments containing mercury that will be ex-
posed to ammonia should not be used.

Cylinder and Valve Description

Cylinder valves are made of forged steel, and are of the
packed type. The outlet for anhydrous ammonia is designated
as Compressed Gas Association (CGA) connection No. 240.
The thread specifications are %"-18 NGT-RH-INT, being com-
parable to a " female pipe size. This outlet is designated as
standard by the CGA. (See Figure 1 for the drawing and
specifications on this valve outlet and mating connection),

Lecture bottles have a special %6"-32 threads per inch female
valve outlet

v NNECTION
THREAT

I

Fig. 1. CONNECTION 240 %"-NGT RH INT. IPS accepting. Tapered

————

‘,//’;r;e;—ofvammonia containing 15 pounds or morg g

Cy : :
usually equipped with goose neck dip tubes. Withdrawa| of

vapor is accomplished with the cylinder standing in the verticy
position. ON occasion, a fgll cylinder standing in the sun yj
heat up and cause the quuuq .to expand and cover the enq o
the dip-tube. In this instance itis necessary to allow the cylinger
to cool before the vapor can be withdrawn or the cylinder mygt
be placed horizontally with the valve putlet facyng down.

In order to withdraw liquid ammonia the cylinder should pe
placed horizontally with the valve outlet facing up.

The outlet for Electronic Grade ammonia is designated ag
cylinder valve outlet CGA No. 650. (See Figure 2 for the
drawing and specifications on this valve outlet and mating

connection).

OUTLET

AL LA I

1.030
5
\

IVLLNAS ,,,7,{ o

Fig. 2. CONNECTION 660 1.030"”-14 RH EXT. using Flat Seat with
Washer

Safety Devices

Cylinders containing less than 165 pounds of ammonia are
not required to be equipped with safety devices.

Recommended Controls

Automatic Pressure Regulators

Matheson supplies the single stage regulator Model 12-240
for Anhydrous Grade ammonia service to regulate the vapor
phase. This regulator is constructed of an anodized aluminum
body with type 316 stainless steel internal parts. The diaphram
is constructed of FEP Teflon on a Viton rubber base and the
regulator seat is made of Kel-F. The regulator has a delivery
pressure range of 28-550 kPa 4-80 psig.

Single stage regulator Model 3501-660 is recommended for
use with Electronic Grade ammonia. All metal parts of this
regulator in the gas stream are of type 316 stainless steel.
also contains a stainless steel diaphragm packless outlet valve.
The helium leakage rate can be certified not to exceed 2 X
107" cm?® per second inboard. The delivery pressure range is
0-170 kPa (0-25 psig).

The Model No. 71-240 regulator is recommended for sensi-
tive and very accurate low pressure control of Anhydrous
Grade ammonia. The regulator has an oversized, pancake
body of aluminum, with type 303 stainless steel internal parts,
with a Teflon-faced Butyl rubber diaphragm and a Teflon seat.
The delivery pressure range is 3.4-34.5 kPa (0.5-5 psig).

The Model No. 71S-660 regulator is recommended for sen-
sitive and very accurate low pressure control of Electronic
Grade ammonia. The regulator has an oversized pancake body
of aluminum, with type 303 stainless steel internal parts, with
a 302 stainless steel diaphragm and a Teflon seat. The delivery
pressure range is 3.4-41 kPa (0.5-6.0 psig).

@atheson'
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Manual Controls

A bar stock steel needle valve Model 61-240 can be supplied
where noncritical manual flow control of the liquid or vapor
phase is required. This valve is equipped with an outlet having
either a serrated hose end, 4" compression fitting, or %" NPT
male or female connection. Stainless steel needle valves Model
32S or Model 59 are available for use with the lecture bottles.

A stainless steel check valve Matheson Model 401N should
be used to prevent suckback of foreign materials into regula-
tors, gas lines, and cylinders.

Flowmeters

Matheson Series 7600 laboratory stainless steel flowmeter
units with 150 mm tubes and floats or Matheson 7200 labora-
tory stainless steel flowmeter units with 65 mm tubes with a
single float are recommended for use where definite flow rates
must be known.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is + 1.2%.

Shipping Regulations

Ammonia is shipped under Department of Transportation
(DOT) regulations as a nonflammable, compressed gas, taking
a DOT "'Green Label’’. It must be shipped in steel containers
having a service pressure of not less than 3 310 kPa (480
psig). Cylinders containing less than 165 pounds of ammonia
do not require safety devices.

Commercial Preparations

Ammonia is produced primarily by the Haber process
whereby nitrogen and hydrogen are combined directly. A less
important method is the calcium cyanamide process which
produces ammonia from limestone, carbon, nitrogen, and
steam. Also some ammonia is obtained from destructive distil-
lation of coal.

Chemical Properties

1. Ammonia is a highly associated, stable compound. Tem-
peratures of 840-930 °C cause slight dissociation at atmos-
pheric pressure.

2. Ammonia with protonic acids gives ammonium salts which
(with a few exceptions) are readily soluble in water and uni-
formly unstable to heat.

3. Ammonia and air heated to 600 °C and passed over a
platinum catalyst constitutes the Oswald process for the man-
ufacture of nitric acid.

4. The hydrogen atoms of ammonia may be successively

Matheson

replaced by metal atoms to form amides, imides, and nitrides,
and by organic radicals to give primary, secondary, and tertiary
amines.

5. Ammonia is a highly reactive chemical. Extensive refer-
ences to its reactions are available in the technical and patent
literature. Esters, acid anhydrides, acyl halides, carbon diox-
ide, and sulfonyl chlorides form amides when treated with
ammonia. Amines are formed when ammonia is reacted with
halogen compounds, polyhydric phenols, alcohols, and epoxy
compounds.

6. Ammonia does not support ordinary combustion, but it
does burn with a yellowish flame in an atmosphere of air or
oxygen. The ignition temperature of ammonia-air mixtures is
780 °C. The products of combustion are mainly nitrogen and
water, but small traces of ammonium nitrate and nitrogen
dioxide are also found.

4NH; + 30, — 2N, + 6H,0

Under certain conditions, mixtures of ammonia and air will
explode when ignited. The explosive range for dry ammonia-
air mixtures is about 16-25% ammonia. The explosive range
is broadened by (1) admixture with other combustible gases
such as hydrogen, (2) admixture of oxygen replacing air, and
(3) temperatures and pressures higher than atmospheric.

7. Gaseous ammonia is oxidized to water and nitrogen by
many oxides—for example, copper oxide. If a stream of am-
monia gas is passed over heated copper oxide, the following
reaction takes place:

3CuO + 2NH3; + — 3Cu + N, + 3H.0

This type of reaction occurs when ammonia is heated to a
relatively high temperature with oxides of the less positive
metals, that is, those to which the oxygen is less firmly bound.
Oxidizing agents, if sufficiently powerful, will bring about a
similar reaction at ordinary temperatures. With potassium per-
manganate the following reaction occurs:

2NH; + 2KMnO4 — 2KOH + 2MnO; + 2H,0 + N,

The action of chlorine on ammonia can also be regarded as an
oxidation reaction.

8NH; + 3Cl, — N, + 6NH,4CI

Ammonia can be oxidized to nitric oxide by passing a mixture
of air and 10% ammonia through a catalyst at elevated tem-
perature as shown by the equation:

4NH; + 50, — NO + 6H.0

8. Chlorine, bromine, and iodine all react with ammonia. The
initial stages of the reactions are similar, although the final
products are quite different. The action of chlorine or bromine
upon ammonia solution, where the ammonia is in excess,
results in the liberation of nitrogen and the formation of the
corresponding salt, either chloride or bromide. It is quite prob-
able that substitution first takes place and that the resulting
trihalide combines loosely with another molecule of ammonia—




AMMONIA AMMONIA

for example, NCls-NHs. These trichloro a-ndtrfsb;::)ensqsnggrg; § m Latent Heat of Vaporization Thermodynamic Properties of Ammonia As ldeal Gas (@
pounds are very unstable and decompose In Se or bromide . : See Table 1 for data 25 °C (7)
oxcess ammonia to form the ammonium chlori é ! B8 i B a5 s
and free nitrogen = § m Entropy, S° 192.602 J/(mol- °K)
NCl.-NH; + 3NH; = Nz + 3NH.CI 5 Thermodynamic Data Free Energy Function, (F2qs — 192.602 J/(mol- °K)
tes as SO- e : H20s/T)
The iodine compound is more stable and separd elS B *ﬁ_- § b = Thermodynamic properties of saturated ammonia are shown Enthalpy Difference, H3ss — Hg 10.058 kJ/mol !
Jlled *'nitrogen iodine'’, Nl3-NHs, an insoluble brownish- _aC-t - S S in Table 2, while those for superheated ammonia are shown in Enthalpy of Formation, AH? 45.898 kJ/mol ’
r} When exposed to light in the presence‘ of ammonla..nle == J § S ik oihabiorinbin bl WY e |
jecomposes in the same way as the chiorine or brom! S S ‘
derivatives T - :
NI .NH; —= N i e 3Hl S Q ‘
R = o |
NI.-NH: + 3HI 2 2NH; + 3l e § é |
With the ammonia salts, however, the action is different. Chlq— ; i REFERENCES i’
rine replaces hydrogen and yellow droplets SIS 1 {; I g For an extensive tabulation of the thermodynamic and physical properties of ammonia, see W. Braker and A. L. Mossman, Matheson Unabridged }
material which is oily in nature and capable of spontaneous % 3 = Gas Data Book, 1974, Matheson, East Rutherford, New Jersey
explosive decomposition, IS nitrogen chloride. M. B. Jacobs, The Analytical Toxicology of Industrial Inorganic Poisons, 1967, p. 610, John Wiley & Sons. Inc.. New York. New York }
NH.CI + 3Cl, — NCIs + 4HCl ° M. H. Gleason, et al, Clinical Toxicology of Commercial Products, 1969, pp. lll-16-1lI-20, The Williams and Wilkens Company, Baltimore, !
e § Maryland |

9 Ammonia reacts with phosphorus vapor at red heat to

* Anhydrous Ammonia, Safety Data Sheet SD-8, 1960, Manufacturing Chemists' Association, Washington, D. C !
ve nitrogen and phosphine

1
i

W. B. Deichmann and H. W. Gerarde, Toxicology of Drugs and Chemicals, 1969, p. 95, Academic Press, Inc., New York, New York il
2NH; + 2P — 2PH; + N; 5 See reference 2, pp. 612-613

" JANAF Thermochemical Tables, 2nd edition, 7971, D. R. Stull and H. Prophet, project directors, Natl. Stand. Ref. Ser., National Bureau of

g

3 0. Sulfur vapor and ammonia react to give ammonium { : ‘
10. Suhr vapo 3 g ¢ - Standards, NSRDS-NBS 37, U. S. Government Printing Office, Washington, D. C ‘
sulfide and nitrogen { °© E ) . ~ . i

u ) § ) The Sadtler Standard Spectra, 1972, Sadtler Research Laboratories, Inc., Philadelphia, Pennsylvania ¢‘

g 8NH; + 3S — 3(NH4),S + N> ) l ’ P. Davies in Thermodynamic Functions of Gases, F. Din, editor, 1962, Volume 1, p. 89, Butterworth, Inc., Washington, D. C

= B 4/ : >

4 _ } 0 Ibid., pp. 90-91

u Sulfur also reacts with liquid anhydrous ammonia to produce ) 8 E Ibid., pp. 92-93 !

0 nitrogen sulfide z 2 A . L “‘

= ! S Ibid., pp. 94-95 !

¢ 10S + 4NH; — 6H,S + NS, i r

a A 2 ‘

< When brought in contact with carbon at red heat, ammonia bt |

reacts to form ammonium cyanide
11. Ammonia forms a great variety of ‘‘addition com-

20 mmHg) (3)

High resolution infrared spectrum of gaseous ammonia in the frequency range 3 800—-450 cm

pounds  or coordination compounds. Compounds regarded as §
addition compounds are often called ammoniates, in analogy v
with hydrates. Thus, CaCl,.6NH; and CuSO,-4NH; are com- ¢
parable to CaCl,-6H,0 and CuS0,-4H,0, respectively. Such : 3 ;
ympounds, when regarded as coordination compounds, are 1 N t
ften called ammines and are written as complexes—for ex- = X
imple, [Cu(NH,),]S0, e i |
[~ 0 |
Thermodynamic and Detailed Physical Data : ; §
Molecular Structure £ .
The ammo molec Q q ‘C'- § ;
‘mmonia molecule is a symmetric pyramidal structure % § :
having C, symmetry. with a symmetry number of 3. The N—H i t‘ .:
bond distance is 1.0124 X 107" m (1.0124 A) and the ;
H—N-—H bond angle is 106.67 3 R § &
- e 0y
Infrared Spectrum I R~ d’::
g & L
See Figure 3 for the infrare o
d spectrum of gaseous ammonia. § [
Vapor Pressure ﬁ
For vapor pressure data on liquid g’
‘ by , ammonia, see Table 1 ang 8, g £ 6§ ©
N
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Table 2. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (9)

Temperature Pressure Entropy J/(mol«°K) Enthalpy kJ/mol Hel;?t:fnsla- Speé:rl:ac/:/ntz)llume Density kg/dm?
°K = kPA bar atm Liquid Vapor Liquid Vapor porization Liquid Vapor Liquid Vapor
kJ/mol

19542 —-107.9 6.076 5 0.060 8 0.059 97 71.59 199.95 10435 35.522 25.087

200 —99.7 8.666 3 0.086 7 0.085 53 73.30 198.41 10.770 35.794 25.024 23.37 189730 0.729 0.000 09
210 —81.7 792 7 0.177 9 0:175 6 7690 194.26 11.510 36.158 24.648 2374 96 858 0.717 0.000 18
220 =63 33.913 6 0.339 1 0.334 7 80.33 "190.54 12255 86.497 24.242 2413 53070 0.706 0.000 32
230 —45.7 60.612 6 0.606 1 0.598 2 83.63 187.11. 13.008 36.794 23.786 24.55 30895 0.694 0.000 55
240 =20 T 102.581 1.025 8 1.012 4 86.86 183.89 13.770 37.054 23.284 24 .99 18 905 0.682 0.000 90
250 —9.7 165.362 1.654 1,632 .0 90.00 #8113 14.535 37 317 22./82 25.46 12088 0.669 0.001 41
260 8.3 255.947 2.559 2.526 93.01 178:57 - 15.309 37.560 22.251 25.96 8029 0.656 0.00212
270 26.3 381.894 3.819 3.769 95.94 176.23 16.096 37.773 21677 26.50 5 505 0.643 0.003 09
280 44.3 PolB16 0.518 5.446 98.78 174.056 16.887 37.961 21.074 27.07 3882 0.629 0.004 39
290 62.3 775.339 7.753 7.652 101.59 172.00 17.694 38.120 20.426 27.70 2803 0.615 0.006 08
300 80.3 1 062.393 10.62 10.485 104.31 170.08 18.506 38.238 19,732 28.39 2066 0.600 0.008 24
310 98.3 1 424.933 14.25 14.063 106.98 168.24 19.330 38.317 18.987 29.14 1545, 40,584 . 0.01:1.02
320 116.3 1 873.50 18.74 18.49 109.62 166.40 20.171 38.388 18.217 29.98 1174 0.568 0.014 51
330 134.3 2 421.67 24.22 23.90 112.21 164.77 21.033 38.380 17.347 30.92 900.1 05512 .0.018 82
340 1823 3 082.31 30.82 30.42 114,77  183.01 « 21.924 38:305 16.381 31.99 696.1 0.532 0.024 47
350 170.3 3 869.60 38.70 38.19 732" 161,000 22.840" 38187 156.297 33.24 540.4 QIS 29 0.03152
360 188.3 4 802.81 48.03 47.40 119.87 158.99 23.799 37.878 14.079 34.73 419.3 0.490 0.040 62
370 206.3 5 891.04 58.91 58.14 12247 1656.73 24.807 '37.472 12.665 36.58" 323.9 0.466 0.052 58
380 224 .3 1 153.55 71.54 70.60 12527 18397 25832 36.807 10.975 39.03 247.0 0.436 0.068 95
390 242 .3 8 606.55 86.06 84.94 128:28  150.580 27.087 . 35.736 8.649 42.61 182.6 0.400 0.093 27
400 260.3 10 284.5 102.8 101.5 130.00 . 145.10  28.514 33.731 5.217 49.45 124.5 0.344 0.136 80
405.6 270.4 11 297.7 1130 1115 138.24 31.066 0.0 72.47 0.235
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Table 3. THERMODYNAMIC PROPERTIES OF SUPERHEATED VAPOR .
H, ENTHALPY, J/mol (10); S, ENTROPY, J/(mol-°K) (11); V, SPECIFIC VOLUME, cm®/mol (12) >
Pressure Temperature, “K
kPa |atm 300 320 340 360 380 400 420 | 440 460 480 500 520 540 560 580
101.325 1/H|39 304.5/40 015.8/40 756.3/41 517.6 |42 296.1(43 078.5(43 865.1|44 655.8 |45 459.2|46 279.2|47 111.8/47 961.2 |48 823.1|49 693 4|50 576.2
S[192.422 (194.723 [196.941 |{199.075 |201.125 [203.091 |205.016 |206.857 |208.656 [210.413 [212.129 |213.802 |215.434 |217.024 |218.572
|V |24 384 |26 069 |27 743 (29410 |31 072 |32730 |34386 |36040 |37 692 |39342 |40991 |42639 |44 287 |45934 |47 581
506.625| 5/H|38923.8|39 702.0/40 492.8(41 291.9 |42 095.2(42 902.7 |43 710.2|44 517.8 |45 337.8/46 170.4 |47 019.8/47 877.5 |48 747.8|49 626.4| 50 513.4
S|178.197 |180.707 |183.092 |185.351 (187.527 (189.619 [191.627 |193.552 (195.393 (197.150 |198.865 |200.539 [202.213 |203.803 |205.351
V| 4659 5 037 5 399 5 753 6102 | 6447 | 6790 | 7130 | 7468 | 7805 | 8141 | 8476 | 8810 | 9143 | 9475
1013.3 10/H |38 358.9|30 245.0|40 120.4|40 994 8 |41 840.0|42 685.2 |43 517.8/44 350.4 |45 191.4|46 040.7 |46 902.6|47 772.9 |48 651.6|49 542.7| 50 438.1
S|170.707 |173.552 |176.230 [178.740 |181.125 |183.385 |185.519 |187.527 [189.410 |191.167 |192.882 |194.556 |196.230 {197.861 | 199.451
[V| 2181 2402 | 2606 | 2799 | 2985 | 3166 3344 | 3520 | 3694 | 3867 | 4039 | 4210 | 4380 | 4549 | 4717 _
2 533.1 25(H 38 865.2|40 020.0 (41 053 .4 |42 015,7{42 923.7|43 823.2 |44 722.8|45 626.5(46 534.4{47 446.6 |48 362.9|49 283.3|50 212.2
S 165.770 |168.950 [171.837 |174.473 |176.858 [179.033 [181.042 |182.924 |184.724 |186.481 |188.196 [{189.912 | 191.544
v |908.2 1014 | 1106 | 1192 | 1274 | 1353 1542900 1508 " il 1 5760 64815 11 7200 R 710l 18621
5 066.3 50H 39 346.3|40 651.7 |41 802.3[42 865.1 |43 890.2(44 902.7 |45 902.7|46 890.1 (47 873.3|48 852.4|49 827.3
S } 1 [162.548 ‘166021 168.992 [171.544 (173.808 |175.895 |{177.862 |179.786 |181.669 |183.468 |185.226
V| | N | _|463.8  [526.5 |579.3 |627.5 (6727 |7156 |756.8 |796.8  |835.8 |873.9  [911.1
10 132.5 100[H | /34 819.2 |38 919.6|40 601.5 |42 032.5|43 337.9 |44 547.0|45 718.6 |46 852.4|47 948.6|49 019.7
S 1 147.821 |157.695 [161.670 }164.850 |167.695 |170.163 |172.464 |174.556 |[176.565 |178.489
(V| | | | [188.2 |221.1  |2584 |291.0 |319.9 |346.1 |370.4 |393.4 4155 [436.9
16 212 160 /H ‘ ; ‘ 30.932.3[36 208.3 (39 074.4‘41 124.5(42 714.5/44 116.1 |45 380.0|46 560.0
‘ (S 3 ‘ | | [136.984 |149.369 |155.854 |160.247 |163.594 [166.272 [168.657 [170.875
‘ Y, vl | ] | i | 654 [103.7 14155 W |il67.5 |188.8 ‘.207§ |225.5 |242.3
20 265 200 |[H : |29 685.5/33 082.9 ‘36 802.5(39 430.0 |41 350.5|42 936.2 |44 308.6 |45 547.0
[S \ | ‘ | |133.177 |141.336 |149.494 |155.687 |159.662 |162.674 |165.310 |167.611
J [V | | | 3 _ | | 45.4 61.7 \ 899 |1156 1371 |154.6 (1704 jies2 |
26 345 [260H ‘ ; 29 024.4‘31 388.4 ‘34 241.9(37 011.7 |39 371.4[41 283.5 (42 852.5(44 233.2
S ‘ 131.001 [136.524 (142.925 |[149.411 |154.306 |158.030 |[161.000 |163.511
v| 1 _— ol | a2 Nle48.30 T 6919 Tl 75.9 {5925 " lToz.e " [121.5 11341 |
30 398 r3oo H ‘ 28 798.5|30 898.8 |33 350.7|35 919.6 |38 279.4|40 300.3 |41 986.4 |43 438.3
S 130.081 ‘135 060 |[140.708 |146.356 |151.377 |155.352 (158.574 |161.251
v| | 396 | 445 |526 |637 |763 |888 |101.1 1126 |
36 477 (360 [H 28 585.1[30 509.7 |32 618.5|34 827.6 |37 032.6{39 070.2 |40 844.2 |42 358.8
‘ S |129.160 (133.762 [138.670 |143.553 [148.114 [152.005 [155.436 |158.323
v | | 380 | 416 |468 | 538 | 624 717 | 812 |906 |
40 530 400 (H |28 484.7 |30 346.6 |32 308.8|34 367.4 |36 446.8|38 425.9 {40 191.5(41 722.8
5 128.658 |133.093 |137.654 [142.214 [146.524 |150.331 [{153.762 |156.607
V| | 37.1 | 40.4 | 445 | 499 | 66.6 | 64.3 | 72 | 80.5
50 663 500 |H 28 321.5|30 078.5 |31 890.4(33 718.9 |35 547.3|37 321.3 8.140 522.0
S 127.445 (131.670 |135.687 |139.704 [143.469 |147.026 9 [153.05
V| | 86.3 37.8 406 | 445 48.5 | 64.4
60 795 1600 [H 28 258.7|29 957.4 |31 677.1|33 375.8 |35 036.8|36 647.7 |3 39710
i |S i \ ‘ 126.399 |130.457 [134.348 |138.030 [141.503 [144.766 150.498
Vv | . ‘ 34.2 | 36.1 38.4 | 41.2 44.2 [ 47.6 55.7
L (v | l | | 1 | ] | ; it
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ARGON

(Formula: A or Ar)

Physical Properties (1)

Atomic Mass

Atomic Weight

One Mole of Ar

Specific Volume @ 21.1 °C 101.325 kPa

Boiling Point @ 101.325 kPa
Triple Point

Temperature

Pressure :
Absolute Density, Gas @ 101.325 kPa @0 °C
Relative Density, Gas @ 101.325 kPa @ 0 °C (Air = 1)
Density, Liquid @ Saturation Pressure See Table 1
Critical Temperature
Critical Pressure

Critical Volume

Critical Density

Critical Compressibility Factor
Latent Heat of Fusion @ —189.4 °C

Molar Specific Heat, Gas @ 101.325 kPa @ 26.85 °C

(@ Constant Pressure

(@w Constant Volume
Specific Heat Ratio, Gas @ 101.325 kPa @ 26.85 °C Cp/Cv
Viscosity, Gas @ 101.325 @ 25 °C
Viscosity, liquid @ Saturation Pressure @ —189.2 °C
Thermal Conductivity, Gas @ 101.325 kPa @ 26.85 °C
Thermal Conductivity, Liquid @ —139.2 °C
Solubility in Water @ 101.325 kPa (partial pressure) @ 20 °C
Sonic Velocity, Gas @ 101.325 kPa @ 0 °C
Refractive Index, Gas @ 101.325 kPa, np @ 25 °C
Dielectric Constant, Gas @ 101.325 kPa @ 20 °C

First lonization Potential
Minimum Excitation Energy

Description

0.039 948 kg
0.039 948 kg

603.7 dm®/kg 9.67 ft°/Ib

87.29 °K; —185.9 °C; —302.6 °F

83.78 °K; —189.4 °C; —308.9 °F
68.75 kPa; 687.5 mbar; 515.7 mmHg
1.784 1 kg/m®

1.380

150.72 °K; —122.4 °C; —188.4 °F

4 864 kPa; 48.64 bar; 705.4 psia. 48.00
atm

1.884 1 dm®/kg

0.530 7 kg/dm?

0.292

11849 J/mol; 29.66 kJ/kg; 283.0
cal/mol

20.83 kJ/(kmol-°K); 20.83 J/(mol.
°K); 0.124 6 kcal/(kg-°C) 0.1246
Btu/(Ib- °F)

12.48 kJ/(kmol-°K); 12.48 J/(mol-
°K); 0.074 7 kcal/(kg-°C) 0.074 7
Btu/(Ib-°F)

1.669

0.0225 mPa-s; 0.0225 mN-.s/m?
0022 5 cP

0.283 mPa-s; 0.283 mN.s/m?; 0.283
cP

0.017 744W/(m-°K);0.425 x 10" ®cal-
cm/(s-cm?.°C)

0.067 W/(m-°K); 1.6 X 10 ° cal-cm/
(s-cm?.°C)

0.083 7 cm®/1 cm® water

307.8 m/s

1.000 259

1.000 516 59

2.525 X 107 J; 15.759 eV

1.850 X 107'® J; 11.548 eV

ARGON

1. Research Purity

This grade of argon has a minimum purity of 99.9995% by
volume.

Research Grade argon is available in small cylinders and liter
flasks. Research Grade argon in cylinders is supplied with an
analysis of the gas. An Assayed Research Grade argon is also
available in liter flasks and small cylinders, the flasks being
supplied with an actual analysis of gas. Assayed Research
Grade argon in cylinders is supplied with an analysis of the gas
as sampled from the specific cylinder contents.

2. Ultra High Purity Grade

This grade has a minimum purity of 99.999% and contains
less than 10 ppm total impurities.

3. Matheson Purity
This grade has a minimum purity of 99.9995%.

4. Zero Gas Grade

In this grade, the total hydrocarbons (as methane) is less
than 0.5 ppm.

5. Prepurified Grade

This grade has a minimum purity of 99.998% and contains
less than 20 ppm total impurities.

6. High Purity Grade

This grade has a minimum purity of 99.995% and contains
less than 50 ppm total impurities.

Argon of 99.998% minimum purity is available at special
high pressures, namely, 24 130 kPa (3 500 psig) and 41 370
kPa (6 000 psig) at 21.1 °C.

Uses

Argon is used extensively in the incandescent lamp industry
for the filling of light bulbs. It is used in arc welding as an inert
gas shield to prevent oxidation of the metals being welded. It
is also used with other rare gases in the filling of special bulbs
and display tubes to obtain special color effects in the neon-
type bulbs. Many Geiger-counting tubes contain argon or ar-
gon-mixed with organic vapors and gases, particularly 90%
argon-10% methane, which is used universally as a propor-
tional counting gas.

Plasma jet torches, utilizing an argon-hydrogen mixture
heated to temperatures in excess of 10 000 °K (9 727 °C) are
used for cutting operations and for coating metals with refrac-
tory materials. The high temperature preparation, refining, and
fabrication of many materials must be carried out in an argon
(or helium) atmosphere. Most of the high-purity single crystals
used for semiconducting devices are grown in an argon (or
helium) atmosphere. In doping semiconductors with controlled
amounts of impurities, the latter are frequently introduced in a

Precautions in Handling and Storage

Do not place cylinders where they may become part of an
electric circuit. When electric arc welding, precautions must be
taken to prevent striking an arc against a cylinder.

In addition, the general rules stated in Appendix | should be
observed.

Leak Detection

Leaks of argon in lines and equipment setups may be de-
tected by painting the suspected sites with soap water; leaks
will be evident by bubble formation. Matheson Leak Detectors
Model 8016 and Model 8017 provide a more sensitive method
of leak detection.

Disposal of Leaking Cylinders

See Appendix II-C for procedure for disposal.

Materials of Construction

Since argon is inert, no special materials of construction are
required. However, any piping or vessels containing argon
should be adequately designed to have a working pressure as
specified by competent engineers, using a safety factor con-
forming to the ASME code for pressure piping.

Cylinder and Valve Description

Argon is packaged in Department of Transportation (DOT)
approved, high pressure steel cylinders.

Matheson employs Compressed Gas Association (CGA)
valve outlet connection No. 580 on all cylinders of argon except
those at 6 000 psig. This standard cylinder valve outlet has a
diameter of 0.965 inch and right-hand internal threads, ac-
cepting a bullet-shaped nipple (see Figure 1 for this valve outlet
and its mating connection). Cylinders at 41 370 kPa (6 000
psig) are equipped with CGA valve outlet connection No. 677.
Lecture bottles have special dual valve %e6"”-18 threads per
inch male and %6"”-32 threads per inch female valve outlets.

Fig. 1. CONNECTION 580 .965”-14 RH INT. accepting a Bullet
Shaped Nipple

stream of argon (or helium). Argon (or helium) is used exten-
sively to carry a reactant to a reaction zone, to modify the rate
of a reaction by dilution and to remove reaction products.

at 21.1 °C, in smaller amounts at 13 790 kPa (2000 psig) a!

A' - ' ~
.gosn s t,k_ most abundant member of the rare gas family ~ 21.1 °C, and in lecture bottles at 12 240 kPa (1 775 psig) at
which consists of helium, neon. argon, krypton, and xenon. All 21.1 °C

of these gases are monatomic and are characterized by their

xtreme chemical ifi :

: i ::.,:m;;:, mahctlvnty Argon is a colorless, odorless, and Specifications Toxicity

asteless gas som . i | | | | |

pe llmdmg a\l)attsomme Mool s i e Argon is nontoxic but can act as a simple asphyxiant by Fig. 2. CONNECTION 677 1.030”-14 LH EXT. accepting Round
| ovire; i ey ol bk displacing the necessary amount of air to support life. Shaped Nipple

@atheson‘

Matheson has a number of grades of argon available, @
follows:

" Matheson
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g Wdsaaiet ty devices of either the

Cvlinders C ‘ Ie
fr u( : 1& type or frangible disc packed uPF)vvngy:‘t;lers
ot melting at approximately 100 °C (212. L o

| 2d ‘wd in excess of their marked service pré |
ol Z"‘ with present DOT regulations must contain Qneys/
':w:ﬂ(-;‘y "tww es of the frangible disc type. These safety dii:/;ed
al part of the cylinder valve, S

ontaining argon have safe
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are ‘,,‘.Jé:”)' an integr

ypposite the valve outlet

Recommended Controls

Automatic Pressure Regulators
high cylinder pressure of argon to a

)y re e the ’
iy et ystem's design the following

working value consistent with a s
types of controls are recommended:

1. Single Stage Automatic Regulators

Single Stage Automatic Regulators will reduce cylmder pres-
sure in one stage to a delivery pressure, In a pgrtlculgr rangz,
depending upon the design of the regulator and Qs sprmg I.oa :
A single stage regulator will show a slight varlatlon.m delivery
cylinder pressure falls The following §|ng|e stage
regulators are available from Matheson for use with the Pre-
purified and High Purity Grades of argon:

pressure as

Delivery Pressure Range
kPa bar (9) psig

1L-580 28-550 0.28-5.5 4-80
1H-580 69-1 240 0.69-12.4 10-180
2-580 34.5-4 480 3.45-44.8 50-650
3-580 690-10 340 6.9-103.4 100-1500
4-580 690-17 240 6.9-172.4 100-2500
3320 (for lec- 28-410 0.28-41 4-60

ture bottles)

Model No.

Single stage regulators Model 19-580 and Model 3500-580
with delivery pressure ranges of 28-345 kPa (4-50 psig) and
28-520 kPa (4-75 psig), respectively, are recommended for
use with Research Purity Grade and Ultra High Purity Grade
argon

The Model 19 regulator is of all brass construction with a
diaphram of German silver with nylon seat and aluminum gas-
kets. The regulator can be supplied with a helium leak rate
check if desired (maximum acceptable leak rate is 2 X 107°
cm”’ per second). It is provided with a packless outlet valve
(Model 4373P) with a 4" Gyrolok tube fitting. It has two 212"
jauges, a delivery pressure gauge of 0-690 kPa (0-100 psig)
or 0-1 380 kPa (0-200 psig) and a cylinder pressure gauge of

20 680 kPa (0-3 000 psig)

The Model 3500-580 stainless steel regulator has a cylinder
pressure gauge and a delivery pressure gauge. All parts in the

jas stream are 316 stainless steel, including the diaphragm.
The seat is Tefzel® and the gaskets are Teflon; it has no rubber
parts. The helium leakage rate for the Model 3500 is certified
not to exceed 2 X 107" cm” per second inboard. It has a
jelivery pressure range of 28-520 kPa (4-75 psig).

Low pressure regulator Model 70 is recommended for use

e High Purity Grade argon. |t i

: rified Grade and : is
w1th P:ZD;Jor use with the Model 1L-580 regulator; inlet pres.
deslg?o the Model 70 regulator must not exceed 1 720 kpa
?:;% psig). The delivery pressure range is 3.4-34.5 kPa (0.5-

5 psig).

2. Two Stage Regulators

regulator performs the same function as single

stage regulators. However, greater accuragy and control of the
ivery pressure is maintained, and the delivery pressure does

delivery cvlinder pressure falls. The following two stage

i rom Matheson:

This type of

regulators aré available f

Delivery Pressure Range
Model No. kPa Bar (g) psig

8L-580 14-104 0.14-1.04 2-15
8-580 28-340 0.28-3.4 4-50
8H-580 69-690 0.69-6.9 10-100
9-580 138-1720 1.38-17.2 20-250

The above regulators are recommended for use with Pre-
purified Grade and High Purity Grade argon. For all other
grades of argon, the following two stage regulators are rec-
ommended:

Delivery Pressure Range
Model No. kPa bar (g) osig

0.28-6.2 4-90
0.28-6.9 4-100

3800-580 28-620
3104-580 28-690

3. Controls For Argon at Special High Pressure

Prepurified argon is also available at 24-150 kPa (3 500
psig) and 41 370 kPa (6 000 psig) in addition to its normal
availability at 17 170 kPa (2 490 psig). For 24 130 kPa (3 500
psig) cylinders, metal diaphragm regulators Models 3-580 or
4-580. having delivery pressure ranges of 690-10 340 kPa
(100-1 500 psig) and 690-17 240 kPa (100-2 500 psig),
respectively, are recommended for use. The regulators are
provided with outlet valves having "4" NPT male connections.
Stainless steel fitting adapters, to permit simple connection to
4" 0.D. metal tubing, are also available.

A Model No. 3064 with a brass body Kel-F® seat, 303
stainless steel valve stem, and Viton® “'0’’ rings, with a delivery
pressure range of 1 380-24 820 kPa (200-3 600 psig) and a
Model No. 3075-580 with a bronze body, neoprene diaphragm,
Nylatron seat, 303 stainless steel valve stem and neoprene
“0" rings, with a delivery pressure range of 1 380-41 370
kPa (200-6 000 psig) are also available.

For 41 370 kPa (6 000 psig) service the following single
stage regulators are available:

Delivery Pressure Range .
kPa bar (g) psig

172.5-27 600 1.72-276 25-4 000
345-41 400 3.45-41.4 50-6 000
1380-41 370 13.8-413.7 200-6 000

Model No.
3064-677

3066-677
3075-677

Conventional equipment should never be used at these high
pressures.

pAatheson

ARGON

4. Low-Pressure Regulators

The above regulators are not satisfactory for accurate deliv-
ery pressures below 34.5 kPa (5 psig). Therefore, an auxilary
regulator specifically designed for low pressure is recom-
mended for use in series with any of the above standard type
regulators having delivery pressures to 345 kPa (50 psig).
Matheson has various models known as the Model 70 regula-
tors which may be obtained with delivery pressures ranging
from 0.5 kPa to 69 kPa (10 psig) as follows:

Model Delivery Pressure Range
No. kPa bar (g) psig

70B 0.5-3.0 0.005-0.030 2-12 inches water

column
70 3.4-34.5 0.0834-0.345 0.5-5 psig
70A 34.5-69 0.345-0.69 5-10 psig

For argon, the Model 70 regulator may be used in series
with the Model 1L-580 regulator; inlet pressure must not ex-
ceed 1 724 kPa (250 psig) to obtain a delivery pressure of
3.4-34.5 kPa (0.5-5 psig).

Manual Controls

Manual needle valves for direct attachment to the cylinder
valve outlet are available. These types of controls are mainly
used where intermittent flows are necessary, or where it is
desired to control the flow of gas directly from the cylinder.
This type of a needle valve will allow control of extremely slow
flow rates on up to relatively large flow rates. However, pres-
sure cannot be controlled with such a valve, and, if a line or
system becomes plugged, dangerous pressures can build up.
The following type valves are recommended for use with argon:
Model 50-580, Model 52-580 with a gauge to indicate tank
pressure. These valves are normally supplied with serrated
hose ends, 4" compression fittings, or 4" NPT male or female
outlets. The Model 30AR and Model 31B control valves are
recommended for use with lecture bottles.

Manual valve Model 4351-580 is recommended for use with
Research Purity Grade and Ultra High Purity Grade argon.

Flowmeters

Matheson Series No. 7600 laboratory brass flowmeter units
with 150 mm flowmeter tubes and floats and Series No. 7200
laboratory brass flowmeter units with 65 mm flowmeter tubes
and a single float are recommended for use with argon where
accurate flows of a definite value must be known or repro-
duced.

Electronic mass flowmeters, such as Matheson Series No.
8116 and No. 8160, should be used where accurate readings
are required. Calibration is unaffected by temperature and
pressure changes, and flow rates may be recorded from the
Instrument’s electrical output.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a

Matheson

potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is + 1.2%.

Shipping Regulations

Argon is shipped in high pressure steel cylinders as a non-
flammable, compressed gas, taking a DOT '‘Green Label.
They are usually filled to the marked service pressure of the
cylinder or to a maximum of 10% in excess of the marked
service pressure in accordance with present DOT regulations.

Commercial Preparations

Argon is recovered from plants producing oxygen and nitro-
gen. These plants liquefy air which undergoes a distillation
process to remove oxygen, nitrogen, argon, and some of the
other rare gases.

Chemical Properties

Argon is a monatomic, chemically inactive gas. It will not
react with other elements or compounds. While a few com-
pounds of argon and other rare gases are reported to have
been prepared, such researches, and the results obtained,
may be considered of scientific interest only. For all practical
purposes every attempt to make argon combine to give com-
pounds of the usual types, like treatment with oxidizing or
reducing agents, has failed. The comparative stability of argon
is due to the complete pairing of all electrons present and the
absence of any bonding orbitals.

Thermodynamic and Detailed Physical Data

Vapor Pressure

The vapor pressure of liquid argon between —191.525 °C
and —178.880 °C is represented by the following Antoine
vapor pressure equation (2):

A = -——B C
l0910p = (G ol A —logiop
in which p = mmHg and t = °C, and the constants A B and C
have the values of 6.616 51, 304.277, and 267.320, respec-
tively.
Some calculated vapor pressure values are shown below:

Vapor Pressure
kPa mbar mmHg

—191.885 53.33 533.3 400
—189.650 66.66 666.6 500
—188.047 79.99 799.9 600
—186.640 93.33 933.3 700
—185.869 101.325 1 013.25 760
—185.380 106.66 1 066.6 800
—184.236 119.99 1 199.9 900

1

1

1

Temperature, °C

—183.184 133.32 333.2 000
—181.301 159.99 599.9 200
—178.880 199.98 999.8 500

For other vapor pressure data, see Table 1.
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ARGON

Th rmodynamic properties of Argon as Ideal Monatomic
e

Gas @ 25 °C (3)

Latent Heat of Vaporization . 0
Heat Capacity, Cx

20.778 J/(mol. °K):
4.966 cal/(mol.°C)
154.74 J/(mol. °K);
36.98 cal/(mol-°C)
— —133.95 J/(mol. °K):
—32.01 cal/(mol-.°C)
6.198 kd/mol;
1.481 kcal/mol

Table 1

Entropy, S°

Thermodynamic Data Caa g i B R B lion, (Fozgs

HY)/T
Er:thalpy pifference H%es — HY

n are shown
The thermodynamic properties of saturated argo

n Table 1

as are shown
Thermodynamic properties of argon as real g

n Tables 2 and 3
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Table 1. THERMODYNAMIC PROPERTIES OF THE SATURATED LIQUID AND VAPOR (4)

Table 2. THERMODYNAMIC PROPERTIES OF REAL GAS ARGON
H, ENTHALPY (5), kd/mol; S, ENTROPY (6), J/(mol- °K); V, SPECIFIC VOLUME (7), cm®/mol

Pressure

kPa | bar | atm

| 100

150

200

Temperature,‘ K

250

| 300

350

400

450

500

Density
kg/dm®
Liquid Vapor

Specific Volume
cm®/mol
Liquid Vapor

Enthalpy
kJ/mol
Liquid Vapor

Entropy
J/(mol. °K)
Liquid Vapor

Pressure Temp.,

K
bar

68.749 0.687 83.78 52.20 131.10 2.826 9.436 28.2 9 961 4166 0.004 01

0.005 71
0.01076
0.015 65
0.025 32
0.034 92
0.04978
0.075 52
0.104 14
0.13556

.391 9
3497
3229
.276 3
.236 8
196 1
181 7
383.6 .073 8
294.7 1.008 8
42.3 233.8 09444 0.17086
48.7 155.6 0.8203 0.256 67
75.2 0.531 2

28.7
29.6
30.2
31.3
32.3
33.4
35.3
37.2
39.6

6 999

3714

2 553

1578

1144
802.5
529.3

128.57
124.21
1276l
118.32
116.01
113.51
110.40
107.85
104.59
78.95 103.55
82.77 99.93
91.41

2.972
3.293
3.514
3.855
4128
4.441
4.865
5.241
5.682

9.489
9.600
9.652
9.715
9.739
Q.427
9.684
9.590
9.466
5.905 9.326
6.499 9.006
7829

87.29

94.43

99.20
105.97
110.98
116.81
124.22
130.08
134.86
139.06
146.12
150.72

53.91

57.42
59.73
63.02
65.45
68.26
71.63
74.40
76.79

1.013 25
2.026
3.040
5.066
7.093
10.132
15.199
20.265
25.331
30.398
40.530
48.636

101.325
202.650
303.975
506.625
709.275
1 013.250
1 519.875
2 026.500
) 533.125
3 039,750
4 053.000
4 863.600

T W G G G

48.00
(CP)

101.325 [1.013 25

101325 | 10.132

2 533.1 25.331
5066.2 50.662
10 132
20 265
30 398
50 662
101 325
151 987
202 650
303 975

405 300

506 625

[ 9.759
(131.48
| 8056

10.816
140.05
12,2282

|

T

10.563
119.75

B s . 1)

10.037
1109.58
392

11.866

146.10

16 364

11.729 | 12.822 |
126.49
1 593 |

11.488

117.99
|608

11.050

110.63

280

1057 Bl 76
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8.770
90.85
57.5

8.385
86.36
46.2

8.165| 10.196 |

81.15
38.0

8.576 | 10.506 |

74.75
32.0

10.554
69.24
28.5

12.910
150.76
20 485

131.37
12.675

123.19
794

2 024 |

13.952
154.56
24 559

136.61
13.777

128.73
971

12.422
116.80
384.7

10.072 | 11.915

109.50
[182.1
11.009

100.89

_| 88.0
10.529

95.96
63.0

90.21
47.1

83.35
35.9
11.404
79.88
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66.08
26.5

14.961 |

63.87
25.3

62.42
24.5

12.377 |

77.36
30.7

14.469 |

73.88
28.2

16.557 |

71.45
26.5

~17.255 | 18.914 |

| 69.83
| 25.6

|

122.56
1479.6

13.886 |

2447 |

13.958]

13.247 |

115.99
|235.4

12.656 |

108.81
[117.4

12.310]

104.50
82.1

99.26
S7T.T

92.72
41.3

89.04
35.5

86.29
32.7
16.217
82.33
29.8

14.219]

18.359 |

79.69
28.0

20.591 |

77.94
26.8

|

12.068]

12.437]

13.295]

14.994
157.76
28 711
14.943 |
138.53
2 864 |
14.861
130.66
1143
14.732
124.62
570.4 |
14.482
118.22
284.3
14.081
1187
144 .1
13.837
107.23
99.9 |
13.707
10.218
67.6 |
14.150
95.76
459 |
14.964
92.01
38,7 |
15.842
89.18
34.4

16.034
160.55
32 819

15.996 |

141.31
3 281
15.935

133.52
1313

17.075
163.00
36 925
17.048 |
143.80
3 696 |
17.005
136.04
1 481

18.116
165.19
41 031
18.099
146.01
4110
18.073
138.28
1648

15.843 | 16.942  18.037

127.56

656.9
15.666

121.34

329.8

15.404
114.85
168.8
15.236
110.91
116.8

15.173 |

106.04
77.2

15.629 |

99.64
50.3

16.407 |

95.78
41.6

17.235 |

92.82
35.8

130.15
|743.0

132.46
828.4

16.828 | 17.975

124.07
1375.0
16.665
117.83
192.3
16.554
114.02
132.4

109.22
86.1 |
16.976
102.81

54.7 |
17.711
98.85
44.5 |
18.476
95.74
37.2

16.522 |

126.49
419.1
17.890
120.43
2149
17.823
116.70
147.3
17.808
111.93
94.8
18.258
105.51
58.9
18.946
101.45
47.3
19.635
98.18
38.4
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ARSINE

(Formula: AsH,)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of AsH;

Specific Volume @ 21.1 °C, 101.325 kPa
Vapor Pressure @ 21.1 °C

0.077 946 kg

0.077 946 kg

312.1 dm®/kg; 5.0 ft*/Ib

1514.7 kPa; 15.15 bar; 219.7 psig;
14.95 atm

210.67 °K; —62.5 °C; —80.5 °F

Triple Point 166.22 °K; —116.9 °C; —178.5 °F

Absolute Density, Gas @ 101.325 kPa @ 20 °C 3.243 kg/m®

Relative Density, Gas @ 101.325 kPa @ 20 °C (Air = 1) 2.69

Fatiii COMPRESSIBILITY DATA FOR ARGON (8) Boiling Point @ 101.325 kPa

PRESSURE, kPa; atm VALUES SHOWN IN PARENTHESES

Temperature, 405.3 (4) 709.3 (7) 1013.25(10) 4050.0(40)  7093.0(70) 10 132.5(100)

kPan

U
a
7
v
u
@
Q
x
@
Q
g
>

K

101.325 (1)

100
150
200
250
270
280
290
300
310
320
350
400
450
500
550
600
650
700
750
800
900
1 000
1 100

0.978 2
0.993 0
0.997 1
0.998 6
0.9990
0.999 1
0.999 3
0.999 4
0.999 5
0.999 6
0.999 8

1

—h e e ok ed ek b ek wd h b

.000 0
.000 1
.000 2
.000 2
.000 3
.000 3
.000 3
.000 3
.000 3
.000 3
.000 3
.000 3

0.907 9
0.9716
0.988 2
0.994 5
0.996 0
0.996 6
0.997 1
0.997 5
0.997 9
0.998 2
0.999 0
0.999 9
.000 4
.000 7
.000 9
.001
.001
.001
.001
.001
.001
.001
.001

—h

wh b ad b el b ek b b b

0.950

0.979 2
0.990 5
0.9930
0.994 0
0.994 9
0.995 7
0.996 3
0.996 9
0.998 3
0.999 9
1.000 7
1.001 3
1.001 6
1.001 8
1.001 9
1.001 9
1.002 0
1.002 0
1.001 9
1.001 8
1.001 7

0.927

0.970 2
0.986 4
0.9900
0.9915
0.992 7
0.993 8
0.994 8
0.995 6
0.997 7
0.999 8
1.001 1
1.001 8
1.002 3
1.002 6
1.002 7
1.002 8
1.002 8
1.002 8
1.002 7
1.002 6
1.002 5
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Density, Liquid @ —73.2 °C

Critical Temperature

Latent Heat of Fusion @ —116.9 °C
Dipole Moment, Gas

Viscosity, Gas @ 101.325 kPa @ 0 °C

Thermal Conductivity, Gas @ 101.325 kPa @ 0 °C

Solubility in Water @ 101.325 kPa (partial pressure) @ 20 °C

Description

Arsine is a toxic, colorless gas with a garlic-like odor at room
temperature and atmospheric pressure. It is shipped as a
liquefied compressed gas under its own vapor pressure of
1 410 kPa (205 psig).

Specification

On a hydrogen-free basis, Electronic Grade arsine has a
minimum purity of 99.995%.

Uses

Arsine is used in doping gas mixtures for the preparation of
semiconductor materials containing a controlled amount of
significant impurity. This is effected by thermal decomposition
In a gaseous stream directed onto the surface of a seed of
semiconductor material, usually silicon.

Effects in Man and Toxicity (2)

Arsine is a strong hemolytic agent. Exposure causes the
following symptoms, generally after some delay (sometimes a
day or so): malaise, severe headache, giddiness, nausea,
vomiting, diarrhea, pain in the kidneys and liver, jaundice,
aliguria, hemoglobinuria, anuria, anemia. In more severe cases
the vomiting may be more pronounced, the mucous membranes
may have a bluish discoloration and the urine is dark or
bloodstained. After a day or two there is severe anemia and
Jaundice.

In prolonged exposure to low concentrations of arsine, the

Matheson

1.653 kg//

373.05:2K199.:9.°C#211:8 °F

1 195 J/mol; 3.665 kcal/kg

667 %10~ C-m: 02D

0.014 58 mPa-s; 0.014 58 mN.s/m?;
0.014 58 cP

0.008 912 W/(m-°K); 21.3 X 10 ® cal-
cm/(s-cm?.°C)

0.23 cm®/1 cm® water

symptoms have more relation to effects produced by dusts and
fumes of arsenic compounds, and albumin may appear along
with hemoglobin in the urine. Prolonged exposure of animals
to low concentrations of arsine produced a compensated de-
struction of red blood cells, which gradually deteriorated to a
stationary level of anemia. There was little injury to other
organs. However, repeated exposure to very low concentra-
tions may have cumulative effects resulting in severe poisoning.
A concentration of 500 ppm is lethal for a man after exposure
of a few minutes. A concentration of 250 ppm (equivalent to
0.75 mg//) is dangerous to life in an exposure of 30 minutes.
Concentrations of 6.25-15.5 ppm (0.02-0.05 mg//) are dan-
gerous after exposure for 30-60 minutes. The maximum con-
centration tolerated for several hours without serious symptoms
is 3.1 ppm.

The 1979 ACGIH has recommended a Threshold Limit Value
(TLV) of 0.05 ppm for arsine (concentration in air to which
nearly all personnel may be continuously exposed without
adverse affects).

First Aid Suggestions

Summon a physician at once for anyone who has been
exposed to arsine. Prior to the physician's arrival first aid
measures should be taken. Those presented herein are based
upon what is believed to be common practice in industry. Their
adoption in any specific case should be subject to the prior
endorsement by a competent medical advisor.

Remove victim promptly to an uncontaminated atmosphere.
Keep the victim warm (not hot) and quiet. Administer pure
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ak or has stopped, give artificial

3 f breathing 1S we j
oxygen. | g dministration of oxygen.

respiration with simultaneous a

Suggestions for Medical Treatment (3) i
i immediate

Modern treatment of arsine poisoning mclgdes imme :
L. mannitol diuresis, and urinary

exchange transfusions, BA
failure supervenes.

|
alkalinization and dialysis if rena i 2t
The exchange transfusion IS carried out with heparinizé

temoral catheters and may require 10-1 5 exchanges of Wh°|e
r;!mod The plasma hemoglobin concentration is used as gunds-
lines. Attempts should be made to lower the concentration Dy
75-85% of the plasma hemoglobin and also return the hema-
ocrit level to normal. .

1 Prstvmaon of renal function is essential. Early |'ntralvenous
mannitol (25-50 g) is given if the patient is oliguric, arjd
bicarbonate is used to alkalinize the urine. If this method fails
to reverse the oliguria, the institution of peritoneal or preferably
hemodialysis should be undertaken. -

There is no specific antidote for arsine poisoning. Dimercap-
rol (BAL) is given in doses of 2.5 mg/kg. This dosage shogld
be repeated 4 to 6 times the first 2 days and reduced to twpe
daily for up to 10 days. BAL is given s0O that it may bind with
circulatory oxidation products of arsine after the red cells lyse
and prevent acute and chronic toxicity to other organ systems.

Precautions in Handling and Storage

Gas mixtures containing arsine are hazardous because of
the high toxicity of the arsine. In addition, if the carrier gas is
hydrogen then flammability hazards will also exist. Gas mix-
tures containing arsine should be used in a well-ventilated
area, preferably in a hood with forced ventilation. Personnel
handling and using gas mixtures containing arsine should have
available for immediate use oxygen generating gas masks of a
type approved by the U. S. Bureau of Mines, or self-contained
air-breathing apparatus. Additional gas masks should be lo-
cated in convenient areas near where the arsine is being used
in case of emergency. Do not store reserve stocks of arsine
gas mixtures with cylinders containing oxygen or other highly
oxidizing or flammable materials. Ground all lines and equip-
ment used with arsine

In addition, the general rules stated in Appendix | should be
observed

Leak Detection

Systems designed to contain arsine should be pretested for
leaks with an inert gas such as helium or nitrogen.

Analytical Detection

Arsine in air can be determined by use of mercuric chloride
test paper (4), by the diethylidithiocarbamate method (5), or by
the molybdenum blue method (6). The first method is the official
British method for detecting arsine in air (7).

The atmosphere is drawn by an appropriate hand pump first
through lead acetate paper to absorb any traces of hydrogen

sulfide before coming in contact with the mercuric chloride test
paper (prepared by immersing strips of filter Paper in 5%
mercuric chloride solution, drying them. and cutting off an’d

liscarding the ends). The resulting stain is compared within 5

42

e
minutes with the standard stains issued with the leaflet The
concentration of arsine is theh .found by» reference to the color
chart, which shows the intensities of stains corresponding with

- es of the pump.

1 OMgsh:gg:-Kitagawa Toxic Gas Detector‘M odel 8014K is a5,
available for determining the concentration of arsine ip the
atmosphere. Using Model 140 detector tubes, concentratigng
in the range of 5-1 60 ppm are Qetermlnablg_

In addition, the Matheson Arsme/Phospmlne Monitor Modg|
8040 provides an excellent means of dete;tlon of arsine in gjr
at the TLV (50 ppb). The Model 8040 Momtor utilizes a chem.
ically treated tape located between a light source and a photy
cell. Ambient air is continuously drawn across the tape, chang.
ing the photo cell output. When thg tape darkens to a presg
level. the built-in alarm sounds continuously until the monitoris

reset.

Disposal of Leaking Cylinders

Leaks in cylinders containing arsine gas mixtures which
cannot be stopped by tightening up on the cylinder packing
nut or by plugging or capping the cylinder valve outlet should
be handled in the following manner. If the cylinder is not already
stationed in a hood, it should be transferred to one immediately
(after first putting on self-contained breathing equipment). Con-
nect an appropriate regulator with flexible tubing to the cylinder
valve outlet. Open the cylinder valve and then adjust the
regulator valve so that a moderate stream of arsine or the
mixture containing arsine is introduced into an adequate quan-
tity of bromine water or sodium hypobromite solution. The
arsine will be trapped and oxidized by these solutions. Tag the
cylinder as defective, and notify the supplier.

Materials of Construction

Piping and accessories leading to equipment for the thermal
decomposition of arsine may be of iron or steel construction
and should be adequately designed to withstand pressures to
be encountered.

Cylinder and Valve Description

Arsine is shipped in Department of Transportation (DOT)
approved, steel cylinders equippped with Compressed Gas
Association (CGA) valve outlet connection No. 660, the CGA
approved alternate connection. (The approved standard is the
CGA No. 350 connection). This valve outlet is described as
1.030" and is right-hand with external threads, with a flat seal
and using a washer to seal. (See Figure 1 for an illustration of
the valve outlet and mating connection). Lecture bottles have
a special %6"-32 threads per inch, female valve outlet.

OUTLET CONNECTIO

_w/,//uT =3
1.030 1.035
'I"’ 1

\\\-\\\7“*_7 Ji,

Fig. 1. CONNECTION 660 1.030"-14 RH EXT. using Flat Seat it
Washer

gnjgatheson’
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Safety Devices

Cylinders containing arsine gas mixtures are not equipped
with safety devices. They should, therefore, be stored away
from sources of heat to avoid the development of dangerous
pressures within the cylinder.

Recommended Controls

Automatic Pressure Regulators

Single stage regulator Model 3501-660 is recommended for
use with Electronic Grade arsine. All metal parts in the gas
stream are of stainless steel. The regulator body is of type 316
stainless steel, the diaphragm is 316 stainless steel. The reg-
ulator has a Tefzel® seat and a Model FF4374 stainless steel
diaphragm packless outlet valve. The gaskets are of Teflon:
there are no rubber parts. The helium leakage rate can be
certified not to exceed 2 X 107 '° cm® per second inboard. The
delivery pressure range is 0-172 kPa (0-25 psig).

Regulator Model 360-660 has a stainless steel 316 body,
stainless steel 316 diaphragm, monel seat, and Kel-F® and
Teflon seals for high purity. It incorporates a tied seat to assure
positive shut-off. The delivery pressure range is 6.9-172.5 kPa
(0-25 psig).

Flowmeters

Matheson Series 7600 laboratory, brass or stainless steel
(preferably the latter) flowmeter units with 150 mm flowmeter
tubes and floats or Series 7200 with flowmeter units with 65
mm tubes and a single float are recommended for use where
definite flow rates must be known.

Electronic mass flowmeters, such as Matheson Series No.
8116 and No. 8160, should be used where accurate readings
are required. Calibration is unaffected by temperature and
pressure changes, and flow rates may be recorded from the
instrument’s electrical output.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power generates a signal for the control
valve to reduce or increase the flow to correct the imbalance.
The accuracy is + 1.2%.

Shipping Regulations

Arsine is classified by DOT as a ‘‘Class A" poison and a
flammable, compressed gas. In mixtures with nitrogen, helium,
or argon it is shipped under the required ‘‘Poison Gas'' and
“Green’’ Labels. Mixtures of arsine and hydrogen are shipped
under the required ‘‘Poison Gas'’ and ‘‘Red Gas'' Labels.

Chemical Preparation

Arsine may be prepared by treating an arsenide of an elec-
tropositive metal with acids or by reduction of a sulfuric acid

Matheson

solution containing arsenic with an electropositive metal or
electrolytically. It is also formed when arsenic trichloride is
reduced in ether solution with lithium aluminum hydride. Good
yields (60-90%) are obtained by decomposing a solution of
sodium arsenide in liquid ammonia with ammonium bromide.

Chemical Properties

Arsine is not particularly stable and begins to decompose
into its elements around 300 °C. In the presence of moisture,
decomposition is affected by light. Arsine is a strong reducing
agent; it can reduce silver nitrate and mercuric chloride in
aqueous solution.

Arsine reacts with sodium or potassium dissolved in liquid
ammonia to form NaAsH, and KAsH,, respectively.

Thermodynamic and Detailed Physical Data (1)

Molecular Structure

Arsine has a trigonal structure (Cs, symmetry) with a H-As-H
bond angle of 91.9° and an As-H bond distance of 1.519 X
107" m (1.519 A).

Vapor Pressure

The vapor pressure of liquid arsine from 156.226 to 210.837
°K is represented by the following equation:

logiop = 28.82835 + 0.008037T
1403.32
e 9.43935 logoT
in whichp = cmHg and T = °K.
Some observed and calculated vapor pressure values are
shown below:

Vapor Pressure

Tempera- Observed Calculated
N kPa mbar
ture, °K mmHg mmHg
156.226 2.984 29.84 22.38 22.38
166.824 7.278 72.78 54.59 54.46
175.278 13.560 135.60 101.71 101.54
184.567 24.959 249.59 187.21 187.11
196.124 48.808 488.08 366.09 366.02
206.010 81125 811.25 608.49 608.54
210.837 102.05 1 020.5 765.44 765.41

Latent Heat of Vaporization, 16.686 kdJ/mol; 51.164 kcal/
AH, @ —-62.5 °C kg
Thermodynamic Properties of Arsine as Ideal Gas @ 25 °C

38.522 J/(mol. °K)
9.207 cal/(mol-°C)

Heat Capacity, C;

Entropy, S° 222.488 J/(mol-°K)
53.176 cal/(mol-°C)

Free Energy Function, F3qs — —188.506 J/(mol-°K)
H3/T 45.054 cal/(mol-°C)

Enthalpy Difference, H3ss — H3 10.201 kJ/mol
31.278 kcal/kg
66.442 kJ/mol

203.73 kcal/kg
68.910 kJ/mol

211.30 kcal/kg

Enthalpy of Formation, AHY

Free Energy of Formation, AF?
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°C 31.195 cal/(mol.og
Free Energy Function, (Fy — ~75.856 J/(mol. k)
H3)/T 18.130 cal/(mol.°g)
Enthalpy Function, (H? — Hg)/T 54.664 J/(mol. °k
13.065 Ca|/(mo|,’«‘c)

Thermodynamic Properties of Liquid Arsine @ -62.5 )
60.722 J/(mol-°K)
14 513 cal/(mol-°C)

130.520 J/(mol-°K)

Heat Capacity, Cg

Entropy, S°
REFERENCES : i
For extensive tabulation of thermodynamic and physical properties, see W. Braker and A. L. Mossman, The Matheson Unabr/dged Gas Daty
Book. 1974, Matheson, East Rutherford, New Jersey. ' _ ] B
W Braker. A. L. Mossman, and D. Siegel, Effects of Exposure to Toxic Gases—First Aid and Medical Treatment, 2nd edition, 1977, pp. g-g
a 3 ' '
Matheson, Lyndhurst, New Jersey
Ibid., pp. 89-91 :
' M. B. Jacobs, The Analytical Toxicology of Industrial Inorganic Poisons, 1967, p. 384, John Wiley & Sons, Inc., New York, New York.
Ibid., pp. 377-378
® Ibid., pp. 374-377
Dept Sci. Ind. Research, Brit. Leaflet 9 (1940).
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BORON TRICHLORIDE

(Synonym: Boron Chloride)
(Formula: BCl,)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of BCls

Specific Volume @ 21.1 °C, 101.325 kPa
Vapor Pressure @ 21.1 °C

Boiling Point @ 101.325 kPa

Melting Point @ 101.325 kPa

Absolute Density, Gas @ 101.325 kPa @ 0 °C
Relative Density, Gas @ 101.325 kPa @ 0 °C (Air = 1)
Density, Liquid @ 0O °C

Critical Temperature

Critical Pressure

Critical Volume

Critical Density

Critical Compressibility Factor

Latent Heat of Fusion @ —107.3 °C

Molar Specific Heat, Gas @ 101.325 kPa (@ 25 °C
(@ Constant Pressure

(@ Constant Volume

Specific Heat Ratio, Gas @ 101.325 kPa @ 25 °C Cp/Cv
Viscosity, Gas @ 101.325 kPa @ 20 °C

Viscosity, Liquid @ 0 °C
Thermal Conductivity, Gas @ 101.325 kPa @ 25 °C
Thermal Conductivity, Liquid @ 10 °C

Surface Tension @ 0 °C

Electrical Conductivity

Index of Refraction, Liquid @ 5.7 °C, 486.1 nm
Coefficient of Expansion, Liquid @ 10 °C

Description

At room temperature and atmospheric pressure, boron tri-
chloride is a colorless gas which fumes in the presence of
moist air. It has a choking odor. It is shipped as a liquid in steel
cylinders under its own vapor pressure of 30.3 kPa (4.4 psig).

Specifications
Boron trichloride is available in C.P. Grade.

Uses

Boron trichloride is used in the refining of aluminum, mag-
nesium, zinc, and copper alloys to remove nitrides, carbides,

@atheson‘

0.117 17 kg

0.117 17 kg

206.0 dm®/kg; 3.3 ft*/Ib

131.7 kPa; 1.32 bar; 19.1 psia; 1.3 atm

285.55 Ko 2.4 2G: 5413 °F

165.85 °K; —107.3 °C; —161.1 °F

5.326 kg/m*

412

1.372 8 kg//

45195 °K:178.8 G 3538 °F

3 870.6 kPa; 38.7 bar; 561.4 psia; 38.2
atm

1.266 dm®/kg

0.790 kg/dm?

0.153

2.109 kJ/mol; 504 cal/mol

65.655 kJ/(kmol-°K); 65.655 J/(mol-
°K); 15.692 cal/(mol-°C)

57.309 kJ/(kmol-°K); §7.309 J/(mol-
°K); 13.697 cal/(mol-°C)

1.145

0.011 35 mPa-s; 0.011 35 mN-s/m?
0,011 35:cP

0.3429 mPa-S; 0.3429 mN-s/m?
0.342 9 cP

0.008 577 W/(m-°K); 20.5 X 10 ° cal-
cm/(s-cm?.°C)

0.025 2 W/(m-°K); 60.2 X 107" cal-
cm?/(s-cm?.°C)

16.63 mN/m; 16.63 dyn/cm

nil

1.428

0.001 70

and oxides from molten metal. It has been used successfully
as a soldering flux for alloys of aluminum, iron, zinc, tungsten,
and monel. Aluminum castings can be improved by treating the
melt with boron trichloride vapors. Occluded gases, such as,
hydrogen, nitrogen, and carbon monoxide, plus nitrides, car-
bides, and oxides are effectively removed by this treatment
and the grain growth of the aluminum is also retarded, render-
ing it more uniform. Treatment of aluminum with boron trichlo-
ride improves the tensile strength and will permit the remelting
of the aluminum without substantially changing the grain struc-
ture (2).

In the manufacture of electrical resistors, a uniform and
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rbon film can be put over @ ceramic base by
;| oped, involving the addition of
s. Boron tri-

| at high temperature
\ tor extinguishing magnesium fires in
l" & boron trichloride forms a magne-

thers the fire by preventing air from
r hloride has been used in the field
nd rocket propellents as 2 source of

henzene

the BTU value
-~ used as a catalyst, and its use has

~alvmerization of styrene. It is reported
, times the molecular weight of those

atalysts tested

Toxicity

Bor trichloride i 1ssified as a corrosive liquid. It is
V the skin and mucous surfaces because of its rapid
hioric acid (and boric acid) by moisture.
enerally described as much less toxic than
f boron trichloride vapor will result in edema and
f the upper respiratory tract. Skin or eye contact with

IPOr W wuse tissue Irritation
! t mit value has been recommended for boron
1979 ACGIH has recommended a Threshold
e (TLV) of 1 ppm for the related boron trifluoride and
Boron trichloride is readily detectable in air by its sharp,

First Aid Treatments

iggested for hydrogen chloride exposures
i be { wed. These are described on page 379

Precautions in Handling and Storage

@ boron trichloride will liberate hydrochloric acid and
ntact with water or moist air, all precautions

; I be taken not to breathe the gas and to avoid
Chemical goggles, rubber gloves
be used when working with this
with boron trichloride vapors or
irea with plenty of water, paying

the eyes, and get medical attention.

trichloride Is extremely soluble in many lig-
K valve should be placed in the discharge
rde cylinder to prevent suckback of the
Water or other material sucked back
Jangerous pressures to build up,
ISe an excessively corrosive condition

iar
1€ wlure

tacrt

R H ot ntacted
W ¢ naclea

1y 1USE

sary 1o heat a cylinder of boron
1 thermostated water or oil bath.
loride should be done in a well-

forat .
eraply ar a

ipproved by NIOSH for acid vapors, or
epender Xygen or air supply, in an area not
Na ready for use in cases of emer-

1Yy
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6. A shower and eye-bath should be conveniently locateq,

cases of emergency. ,
In addition, the general rules stated in Appendix | shoulg b,

observed.

Leak Detection

Leaks in boron trichloride systems can be easily detecte
because of the fuming vapors. After a leak has been repa”e:‘
the area around the leak should be washed and dried to remoye
any hydrochloric acid which may have formed. Valve leakste.'
usually be stopped by tightening the valve packing nyt (tun
clockwise as viewed from above). If leaks persist, cg f,

supplier.

Disposal of Leaking Cylinders

Leaks in cylinders of boron trichloride which canngt be
corrected may be handled in the following manner. |f
cylinder is not already in a hood, it should be removeq {
hood immediately. Then proceed as described under Appeng

II-D for disposal of acid gases.

Materials of Construction

Detailed information regarding materials of construction sy.
able for use with boron trichloride is not available. Experieng
has shown that dry boron trichloride is noncorrosive, B
trichloride is relatively inert to the steel containers and brag
valves which are used to ship this material. The moist fume
should be handled in a material which will be resistant i
corrosion by hydrogen chloride, such as copper (in the a:
sence of air), Hastelloy B, monel, and such plastics as polyvin
chloride, polyethylene, Teflon and Kel-F.

Cylinder and Valve Description

Boron trichloride may be shipped in any DOT approved, st
cylinder. The cylinder valve outlet used by Matheson is th
Compressed Gas Association (CGA) connection No. 660 which
is the alternate standard for chlorine. This valve outlet is d&
scribed as 1.030 inches and is right-hand with external threads
with a flat seat and using a washer to seal. (See Figure 1 fora
illustration of valve outlet and mating connection). Lectus
bottles have a special %6”-32 threads per inch female vali
outlet.

DUTLET CONNECTIO
TAAAALNASL ‘ T (
i ar;l_au )
1 1
AL AARY 1 1 g

g

Fig. 1. CONNECTION 660 1.030”-14 RH EXT. using fi
Seat with Washer

Safety Devices

Although the DOT does not require that a safety device ¥
used with boron trichloride, standard chlorine valves aré used
which may contain a safety device consisting of a fusible meté
which melts at approximately 71 °C (160 °F).

pAathesor
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Recommended Controls

Manual Controls

Because of the low pressure of boron trichloride, adequate
control can be obtained with Matheson needle valve Model
55A-660. This needle valve is made of monel bar stock and
can be used for controlling the flow of boron trichloride very
accurately. Monel needle valve Model 60L is available for use
with lecture bottles

Flowmeters

Matheson Series 7600 laboratory monel flowmeter units with
150 mm tubes and floats are recommended for use where
definite flow rates must be known.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer, a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is + 1.2%

Shipping Regulations

Boron trichloride is shipped under DOT regulations as a
corrosive liquid, taking a ‘‘White Label

Commercial Preparations

Boron trichloride can be prepared by any of the following
methods: by chlorinating a mixture of finely divided carbon and
boric oxide at 871-982 °C; by heating boric oxide with sodium,
potassium, or lithium chloride at 800-1 000 °C; by heating
sodium borofluoride with magnesium chloride at 500-
1 000 °C

Chemical Properties

Boron trichloride hydrolyzes rapidly with water to form hy-
drochloric acid and boric acid. Boron trichloride reacts with
ethyl esters of hydroxy acids to give ethoxycarbonyl-substi-
tuted borates in 80-85% yields (3), ROH (R = alkyl) (1 mole)
treated with 1 mole boron trichloride at —80 °C gives high
yields of alkyl dichloroboronites (CI,BOR) (4). Boron trichloride
(1 mole) and 1 mole B(OR); (R = alkyl) at —80 °C gives high
yields of CI,BOR. Boron trichloride reacts with chloroalcohols
to give borates, chloroboronates and dichloroboronites, which
disproportionate on heating (5). Boron trichloride forms addi-
tion compounds with pyridine and nitrobenzene (6). Boron
trichloride at —78.5 °C forms 1:1 compounds with ethylene
oxide, propylene oxide, tetrahydrofuran, and tetrahydropyran
(7). Some typical reactions of boron trichloride are shown

below
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BORON TRIFLUORIDE

(Synonym: Boron Fluoride)
(Formula: BF,)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of BF3

Specific Volume @ 21.1 °C 101.325 kPa

Boiling Point @ 101.325 kPa

Melting Point /

At»mlque Density, Gas @ 101.325 kPa @ 20 °C :
Relative Density, Gas @ 101.325 kPa @ 20 °C (Air = 1)
Density, Liquid @ —99.9 °C

Critical Temperature

Critical Pressure

Critical Volume

Critical Density

Critical Compressibility Factor
Latent Heat of Fusion @ —128.7 °C
Dipole Moment

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C
(@ Constant Pressure

(w Constant Volume
Specific Heat Ratio, Gas @ 101.325 kPa @ 25 °C Cp/cv
Specific Heat, Liquid @ —123.2 °C

Viscosity, Gas @ 25 °C

Surface Tension @ —100 °C

Solubility in Water @ 101.6 kPa @ 0 °C

Refractive Index, Gas @ 101.325 kPa and 25 °C
@ 5462.25 X 107" m

Description

Boron trifluoride is a colorless, highly irritating, highly toxic
jas which fumes in moist air and has a pungent, suffocating
jor. It is nonflammable and does not support combustion. It

§ packaged in cylinders as a nonliquefied gas at pressures of
)30 kPa (1600 psig) and 12 410 kPa (1800 psig) at 21.1

( t 1s very soluble in water with reaction (approxlmately

the formation of boron trifluoride monohydrate)

and Is heavier than air

st

Specifications

Mathesor

supplies a C.P. Grade of boron trifluoride.
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0.067 805 kg

0.067 805 kg

349.6 dm®/kg; 5.6 ft°/kb

173.35 °K; —99.8 °C; —147.8 °F

14515 °K; —128.0 °C; —198.4 °F

2 867 kg/m®

2.380

1.571 kg/I

260.90 °K; —12.2 °C; 9.95 °F

4 985 kPa; 49.85 bar; 49.2 atm; 723.0
psia

1.823 dm®/kg

0.549 kg/dm®

0.284

4.242 kJ/mol; 1 013.8 cal/mol

0C-m;0D

50.242 kJ/(kmol-°K); 50.242 J/(mol.
°K): 0.179 kcal/(kg-°C); 0.179 Btu/
Ib-°F)

42.271 kJ/kmol-°K); 42.271 J/(mol-
°K):; 0.149 kcal/(kg-°C); 0.149 Btu/
(Ib-°F)

1.201

104.500 kJ/(kmol-K); 104.500 J/(mol-
K); 0.363 kcal/(kg-°C)

0.0171 mPa.s; 0.0171 mN.s/m’
QL0017 1 cP

17.2 mN/m; 17.2 dyn/cm

1.057 cm?/1 cm® water

1.000 379

Uses

Boron trifluoride is used extensively as a catalyst in such
diverse operations as isomerization, alkylation, polymerization,
esterification, condensation, cyclization, hydration, dehydré
tion, sulfonation, desulfurization, nitration, halogenation, ox-
dation, and acylation. It is also used as a catalyst in the Friedek
Crafts type reaction, in the synthesis of saturated hydrocar
bons, olefins, alcohols, thiols, ketones, and ethers, in thé
cracking of hydrocarbons, and in the Beckman, Fries, and
benzidine rearrangements. Boron trifluoride is used to prepare
boranes, e.g., diborane is produced by reduction with alkall
metal hydrides. Boron trifluoride has been used to protect

P atheson
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molten magnesium and its alloys from oxidation during casting,
and as a flux for soldering magnesium

Effects of Man and Toxicity (2)

The concentration that produces acute effects varies with
the time of exposure; 50 ppm may be fatal if inhaled for 30-60
minutes. Less severe exposures cause irritation of the nose
and eyes, smarting of the skin, some degree of conjunctival
and respiratory irritation. More severe exposures can lead to
severe irritation of the eyes and eyelids and to inflammation
and congestion of the lungs and circulatory (cardiovascular)
collapse. Skin contact with the liquid or vapor can cause severe
burns.

Boron trifluoride is readily detectable in air by its sharp,
irritating odor.

The 1979 American Conference of Governmental Industrial
Hygienists (ACGIH) has recommended a Threshold Limit Value
(TLV) of 1 ppm for boron trifluoride (3 mg/m?).

First Aid Treatment (2)

Speed in removing the patient from the contaminated atmo-
sphere or removing the vapor or liquid from the skin or eyes is
essential. First aid must be started immediately in all cases of
contact with the gas in any form. All affected persons should
be referred to a physician, no matter how slight the injury, and
the physician given a detailed account of the accident.

Inhalation

In minor exposures, remove the victim to an uncontaminated
atmosphere and administer 100% oxygen as quickly as pos-
sible. It has been found helpful to expose even borderline
cases to 100% oxygen at half hour intervals for 3-4 hours.

In severe exposures, the worker must be carried at once into
an uncontaminated atmosphere. A physician should be called
immediately and the administration of 100% oxygen should be
started at once. The victim should receive oxygen under posi-
tive pressure (<4 cm) for half hour periods for at least 6 hours
until breathing is easy and the color of the skin and mucous
membranes is normal. He should be kept comfortably warm,
but not hot. Under no circumstances should the patient be
permitted to return home or to work following a severe expo-
sure until examined and discharged by a physician who is
aware of the nature of the exposure. Mild analgesics and
sedatives (such as aspirin or sodium bromide) may be given if
thought to be desirable by the physician, but medication is
usually unnecessary when adequate oxygen has been admin-
istered immediately after exposure. Morphine and barbiturates
should never be given because of their depressant effect on
respiration. Cardiac and respiratory stimulants are not recom-
mended.

Artificial respiration should not be given unless breathing has
ceased.

Contact with Eyes

If the eyes have been contacted by boron ftrifluoride, they
should be flushed with water for 15 minutes. This may have to
be repeated several times. Ice compresses should be applied
when not irritating. Pain can be relieved by 2 or 3 drops of

Matheson

0.5% tetracaine (pontocaine). An ophthalmologist should be
consulted for more definite treatment. Ophthalmologists may
be interested in a method of treatment for chemical burns of
the eye described by R. S. McLaughlin in the American Journal
of Ophthalmology 29, 1355 (1946)

Contact with Skin

Workers who have had skin contact with this gas should be
subjected to a drenching shower of water. The clothing should
be removed as rapidly as possible, even while the victim is in
the shower, and medical assistance obtained immediately. It is
essential that the affected area be washed with copious quan-
tities of water for a sufficient period of time to remove all acid
from the skin. Following this, an iced agueous or alcoholic
solution of 0.13% (1:750) of benzalkonium chloride, an iced
70% alcohol solution, or an ice-cold saturated solution of
magnesium sulfate (Epsom salt) should be applied to the af-
fected part for at least 30 minutes. If the burn is in such an
area that it is impractical to immerse the part, then the iced
solution should be applied with saturated compresses which
should be changed at least every two minutes. The physician
should be available by then to administer further treatment
before the completion of the iced solution treatment. If, how-
ever, a physician is not available by that time, the treatment
with one of the iced solutions should be continued for 2-4
hours. It is then permissible to apply a generous quantity of
paste made from powdered magnesium oxide and glycerine,
freshly prepared. The paste is prepared by adding U.S.P.
glycerine to U.S.P. magnesium oxide to form a thick paste
This paste should be applied daily for several days. Oils and
greases should not be applied except under orders by a
physician.

The development of severe burns has also been prevented
by infiltrating the skin and subcutaneous tissues with 10%
calcium gluconate solution along with a local anesthetic

Precautions in Handling and Storage

Personnel who handle boron trifluoride should wear chemical
safety goggles and rubber gloves. Also, gas masks approved
for acid gases or those with an independent oxygen or air
supply should be readily available in convenient locations in
the event of an emergency. Do not use equipment which has
been used for boron trifluoride with other gases, particularly
oxygen, since the gas may have oil vapors which will coat out
on the equipment, and this may cause fires when combined
with oxygen under pressure. Because of its reactivity, intro-
duction of the gas below the surface of a liquid may create a
hazard arising from possibility of suckback into the cylinder
Traps or check valves should be used as a safeguard. If
suckback occurs, advise the supplier immediately.

In addition, the general rules stated in Appendix | should be
observed.

Leak Detection

Equipment to contain boron trifluoride should be pretested
for leaks with dry air. Small leaks may then be detected with a
flash or squeeze bottle of aqueous ammonia (formation of
dense white fumes)
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nin
Aulinder valve leaks can usually be corrected by tlgh:je Ve)g
Ko : - turn clockwise as viewed from abo ;

the valve packing nut ( t any portion of the

If valve leaks persist Or leaks appear a
advise the supplier immediately

Disposal of Leaking Cylinders

or-
of boron trifluoride which cannot bev c
ylinder

Leaking c ylinders :

rected may be handled in the following manner: If the ¢ hood
t already in a hood, it should be removed to a' Ay

)y Then proceed as described under Appendix -

tor disposal of acid gases

Materials of Construction .
Materials of construction recommended for thevhandlmg c:f
iry boron trifluoride are steel tubing or pipe, stainless steel,
kel. monel, brass, and aluminum, and the more

ble metals. These metals will stand up adequately to at least
C Pyrex aglass is also suitable up to about 200 °C at Ivow
pres: ro moist gas the following materials of constructhn
T;n. recommended: copper, Saran tubing, hard rubber, pargffm
wax and Pyrex glass show fair resistance. Plastic materials,
ich as Teflon, Epons, polyethylene, and pure polyvinyl chlo-
ride are not attacked at 80 °C. Rubber tubing, phenolic reans,
nylon, cellulose, and commercial polyvinyl chloride are readily

‘; er Ni«

attacked

Cylinder and Valve Description

Boron trifluoride is usually shipped in cylinders having a DOT
specification calling for a minimum design pressure of 13 790
kPa (2 000 psig). Cylinder valves have been constructed of
steel having stainless steel stems with silver seats. A valve that
s becoming more popular because it is less subject to freezing
and corrosion (used by Matheson) is one constructed of an
aluminum-iron-bronze alloy having a monel stem containing a

Kel-F seat. This valve is Teflon packed. The valve outlet des-
jnated as standard by the Compressed Gas Association (CGA)
valve outlet No. 330. The outlet and its accompanying
connection are shown in Figure 1. The outlet is of 0.825 inch
llameter, left-hand external with flat seat, using a washer to
seal. Lecture bottles have a special %6"-32 threads per inch,

female valve outlet

= =

Fig. 1. CONNECTION 330 825“-14 LH EXT used with Flat Seat

ind Washer

Safety Devices

DOT approved cylinders containing boron trifluoride require
safety devices approved by the Bureau of Explosives. Boron
tnfluoride cylinders are required to have a safety device con-

1 frangible disc which is backed up with a fusible
metal melting at either 73.9 °C (165 °F) or 100 °C (212 °F). If

ylinders are over 55" long, exclusive of the neck, two safety
evices, one at each end, are required. The purpose of this

eve the cylinder contents before the

sting of

¥ 18V £ S 10 rel

bursting pressure of the cylinder is reaphed. This type of g
device requires heat to melt the fusible metal, alIowung the
frangible disc to function properly when excessive Pressureg

are built up.

(4

4
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Recommended Controls

Automatic Pressure Regulators

Two single stage regulators are available for use with borg
trifluoride. They are designated as Models B15B-330 and
B16B-330 and differ only in their delivery pressure ranges
which are 28-345 kPa (4-50 psig) and 345-4 480 kpa (5
650 psig), respectively. The regulators have chemically coyg
nickel bodies and internal parts con;tructed of monel, The
diaphragms are Kel-F backed with silver-plated nickel-silye
alloy and the seats are Kel-F. The regulatcl)rs'are equipped wi
gauges having monel Bourdon tubes to indicate cylinder g
delivery pressure. The outlets of the regulators are equippeg
with monel needle valves for fine flow control, and hose end
connections are supplied as a separate accessory.

Manual Controls

A manual flow control valve designated as Model 55A-33)
is also available for intermittent flow control directly from t
cylinder in cases where constant attention will be given by
individual using the gas. Such a manual flow control valve yi
not effectively control pressure and should not be used wher
pressure control is essential. Monel needle valve Model 60L is
recommended for lecture bottles.

Flowmeters

Matheson Series 7600 monel flowmeter units with 150 mn
flowmeter tubes and floats, of the rotameter type, are recom
mended where definite flow rates must be measured. Mongl
electronic mass flowmeters, such as Matheson Series No
8116 and No. 8160, should be used where accurate readings
are required. Calibration is unaffected by temperature and
pressure changes, and flow rates may be recorded from the
instrument’s electrical output.

Electronic Mass Flow Controllers

Matheson Series 8260 of monel are designed to control the
flow of gas regardless of pressure and temperature changes
These mass flow controllers consist of a transducer, a contrl
valve, a blind controller/power supply, a potentiometer, andé
digital indicator. The transducer senses the gas flow and sends
a signal to the power supply. This signal and one from the
potentiometer are compared. If there is an imbalance, the
power supply generates a signal for the control valve to reducé
or increase the flow to correct the imbalance. The accuracy s
£3°2%.

Shipping Regulations

Boron trifluoride is shipped under DOT regulations as nor
flammable, compressed gas taking a ‘‘Green Label".
Commercial Preparations

In the present commercial preparation of boron trifiuoridé
borax is slowly added to hydrofluoric acid to yield water &%
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Na,O-(BF3)., or boric acid is treated with ammonium bifluoride
to yield water, ammonia, and the compound (NH,),O-(BF.)..
The boron trifluoride complex or ‘“‘fluoborax'' is transferred to
a generator and is treated with cold fuming sulfuric acid. The
reaction mass is slowly heated and the generation of boron
trifluoride is controlled by regulating the temperature. Boron
trifluoride is also produced commercially by treating fluorosul-
fonic acid with boric acid.

Chemical Preparation

1. With elements: alkali and alkaline earth metals reduce
boron trifluoride to elemental boron and the metal fluoride.
Gaseous or liquid boron trifluoride does not react with mercury
or chromium, even at high pressures for long periods. Red-hot
iron is not attacked by boron trifluoride.

2. With oxides: When boron trifluoride is allowed to react
with slaked lime, calcium borate and fluoborate are formed
with evolution of heat. With anhydrous calcium oxide or mag-
nesium oxide, the metal fluoride and the volatile boron oxyfluor-
ide are formed.

3. With halides: BCl; and BF; do not react when heated to
500 °C. Aluminum chloride or aluminum bromide react with
boron trifluoride when gently heated to give the corresponding
boron halide and aluminum fluoride. Boron trifluoride forms no
coordination compounds when passed at 1 atmosphere over
the solid chlorides of copper, silver, or potassium at tempera-
tures from —75 °C to 530 °C.

4. Alkyl borines: Some alkyl borines have been prepared by
passing dry boron trifluoride into the appropriate alkyl Grignard
reagent followed by distillation in a nitrogen atmosphere.

5. Aryl Borines: These compounds have been prepared
similarly to the alkyl borines.

6. As a catalyst: Boron trifluoride, being electrophilic, acts
as an acid catalyst. Boron trifluoride catalyzes numerous types
of reactions, viz., esterification, nitrations, oxidations, reduc-
tions, halogenations, etc.

7. Boron ftrifluoride forms molecular compounds with many
diverse classes of compounds, e.g., alcohols, ethers, acid
anhydrides, ketones, aldehydes, and amines. Also, hydrogen
sulfide, sulfur dioxide, mercaptans, and alkyl form 1:1 molec-
ular complexes.

8. Some typical reactions of boron trifluoride are shown
below.

NR
F:BNRj
R-0O
F;BOR,
H.O
— FsBOH, F;BOH,-H,0
BF NaHB,
— B.He
LiNR>
B(NR2)3
RCN
F:BNCR
RMgX
RsB
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Thermodynamic and Detailed Physical Data
Molecular Structure

Boron trifluoride has a planar structure with Ds, symmetry,

a symmetry number of 6 with a B—F bond distance of 1.307
X 107" m (1.307 A) and an F—B—F bond angle of 120

Infrared Spectrum
See Figure 2 for the infrared spectrum of gaseous boron
trifluoride

Vapor Pressure (3)

The vapor pressure of liquid boron trifluoride over the tem-
perature range of —127.3 °C to 98.2 °C is expressed by the
following equation:

logo p = 7.13299

in whichp = mmHg and T = °K
Some vapor pressure values calculated by this equation are
shown below

Temperature Vapor Pressure

°K e kPa mbar mmHg
145.85 —-127.30 8.89 88.9 1.1
152.65 —120.50 18.29 182.9 137 .1
160.75 —-112.40 38.33 383.3 287.5
167.85 —105.30 68.10 681.0 510.8
7 b —120.00 87.18 871.8 653.9
173.25 —99.90 101.39 1 013.9 760.5

Some vapor pressure values above 1 atm are shown below
They have been calculated by the equation log,op = 5.1009
— 889.6 in which p = atm and T = °K (4).

Temperature Vapor Pressure

K 8- kPa bar atm
199.85 —73.30 452 .2 4.522 4. 463
209.85 —63.30 736.9 7.369 7.273
o b AL —54 .40 1 096 10.96 10.82
223.90 —49.25 1 360 13.60 13.42
233.95 —39.20 2014 20.14 19.88
243.19 —29.96 2 830 28.30 27.93
253.20 —19.95 3 921 39.21 38.70
260.90 -12.25 4 975 49.75 49.10

Latent Heat of Vaporization (@
- 99.9 °C

16.974 kJ/mol
4.057 kcal/mol

Thermodynamic Properties of Boron Trifluoride as Ideal Gas

(@ 25°C (5)

Heat Capacity, C; 50.446 J/(mol:°K)
12.057 cal/(mol-°C)

254.245 J/(mol. °K)

60.766 cal/(mol-°C)

Entropy, S°
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Infrared spectrum of gaseous boron trifluoride; 10 cm path length cell, with KBr windows: cell pressure: curve A: 2.666
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BROMINE PENTAFLUORIDE

(Formula: BrFy)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of BrF

Vapor Pressure @ 20 °C

Boiling Point @ 101.325 kPa
Freezing Point
Density, Liquid @ 20 °C .
atent Heat of Fusion @ —60.6
ILn:jfwto'f R:*Tfrjictl()ﬂ. Liquid @ 101.325 kPa, np @ 20 °C
Dielectric Constant, Liquid @ 25 °C
Specific Conductivity @ 25 °C
Trouton's Constant

Description

At room temperature bromine pentafluoride is a pale yellow
iquid. It has a high Trouton's constant, 23.2, indicating that it
s somewhat associated in the liquid state. Molecular weight
jeterminations indicate that there is no association in the vapor
state. Bromine pentafluoride is a very stable compound, show-
ing no signs of decomposition up to 460 °C. It is normally

shipped in compressed gas cylinders under its own vapor
pressure. It cannot be considered a compressed gas, because
of its low pressure

Bromine pentafluoride is an extremely reactive material in
that it reacts with every known element except the inert gases,
nitrogen, and oxygen. It will react, under proper conditions
with a vast majority of inorganic compounds, with the exception

f the inorganic fluorides. It will attack organic compounds
vigorously even under mild reaction conditions. However, the
reactions are often explosive and are of little preparative value.

Specifications

Bromine pentafluoride is supplied in a minimum purity of
18.0%. Probably impurities are air, carbon tetrafluoride, and a
fractional percent of hydrogen fluoride
Uses

Its major use is as a fluorinating agent. It is also of interest as
a propellent for rockets and missiles

Effects In Man and Toxicity (2)

Bromine pentafluoride is a pulmonary irritant and can cause
DU H-.v';iu, edema. It can cause severe chemical and thermal
burns. Exposure to high concentrations is usually fatal, respi-
,‘ mage and pulmonary edema being the cause of death.
Prolonged exposure to as little as 5-10 PPmM causes irritation

'Yes and nasal and buccal mucosa. Direct contact with

56

0.174 896 kg

0.174 896 kg

43.77 kPa; 437.7 mbar; 6.348 psia:
0.43 atm

314.05 °K; 40.9 °C; 105.6 °F

21255 °K; —60.6 °C; —77.1 °F

2.481 2 kg/!

7.280 kJ/mol; 1.740 kcal/mol

135654

7.76

91.0x10°°Q '/cm

232

the skin can cause severe burns in 0.2 second and an exposure
of 0.6 second can result in thermal flash burns comparable
with those produced by an oxyacetylene flame.

The 1979 American Conference of Governmental Industrial
Hygienists (ACGIH) has established a Threshold Limit Value
(TLV) of 0.1 ppm (0.7 mg/m?>) for bromine pentafluoride.

Bromine pentafluoride provides adequate warning of its pres-
ence by its sharp, pentrating odor.

First Aid Treatment (2)

The first aid treatment to be followed is that described for
hydrogen fluoride, see page 379.

Precautions in Handling and Storage

Because of the corrosive nature of bromine pentafluoride, i
should be handled with extreme care. Anyone using this ma-
terial should wear suitable protective clothing such as neoprene
gloves, aprons, and face shields. Air line or oxygen masks are
recommended for protection against vapor only. An instant
acting safety shower should be available in the general area
where bromine pentafluoride is handled along with severd
filled buckets of sodium bicarbonate and a reserve supply 0
absorb any spillage. Dry-type fire extinguishers using sodiur
bicarbonate can be used safely to dispose of spillage, as wel
as combat any secondary fires. An eye-fountain should alsobe
located in the general area.

In addition, the general rules listed in Appendix | should be
observed.

Materials of Construction

Bromine pentafluoride can be used with a variety of metas
due to the formation of a passive metal fluoride film which
Protects the metal from further corrosion. Monel and nickela
preferred materials of construction; however, metals such &
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copper, brass, and steel may also be used. Highly fluorinated
polymers such as Kel-F and Teflon are resistant to liquid and
vapor at ordinary temperatures under normally static conditions
only. Their use in flow conditions is not recommended. Material
suitable for gaskets are soft copper, 2S aluminum, lead. and
Teflon, plain or impregnated with a high percentage of calcium
fluoride. Braided copper or Teflon can be used for valve pack-
ings. A pipe thread lubricant, if needed, should be a water
dispersion of Teflon, put on in two or three applications before
assembling.

It is of the utmost importance that all equipment used in
bromine pentafluoride service be thoroughly cleaned to remove
grease, scale, pipe dope, or other contaminants. All equipment
should be disassembled, degreased, and reassembled with
proper packing before use. Degreasing and cleaning should be
done with a nonagueous solvent such as acetone, trichloroeth-
ylene, or carbon tetrachloride. After cleaning, the system
should be thoroughly purged with a stream of dry nitrogen.
Since the corrosion resistance of the materials of construction
recommended depends on the formation of a passive fluoride
film, a passivating procedure should be used after the cleaning
and drying procedure mentioned above. This procedure con-
sists of slowly displacing the dry nitrogen from the system by
bleeding a small amount of bromine pentafluoride through the
system. Because of the very low vapor pressure of bromine
pentafluoride it is recommended the system be evacuated and
bromine pentafluoride vapors bled slowly into the system and
left for about 30 minutes to ensure that a passive film has been
built up. The system can then be purged with dry nitrogen, and
is ready for use.

Cylinder and Valve Description

The valve outlet designated as Compressed Gas Association
(CGA) No. 670 which has a thread size of 1.030 inches and is
a left-hand with external threads is the approved standard. The

CONNECTION 670 1.030-14 LH EXT. using Flat Seat with Washer

CONNECTION

OUTLET

—— |

A, i

mating connection seats on a flat washer. Figure 1 illustrates
the valve outlet and the mating connection used in this service.

Safety Devices

Since bromine pentafluoride is not equipped with safety
devices care should be taken to see that the cylinder is not
overheated. Although bromine pentafluoride is a liquid, exces-
sive temperatures over 51.7 °C (125 °F) may cause it to
expand, completely filling the cylinder, and creating dangerous
hydrostatic pressures.

Matheson

Recommended Controls

Since bromine pentafluoride is a liquid, its regulation from
the cylinder can be effected by a manual needle valve. Mathe-
son provides a Model 55A-670 monel needle valve for direct
connection to a cylinder. This needle valve can be provided
with 4" compression fitting, 4" male or female NPT aside
from the usual serrated hose end.

Shipping Regulations

Bromine pentafluoride is shipped under DOT regulations in
approved cylinders for shipment of compressed gases. It is
shipped as a corrosive liquid, taking a ‘‘White Acid Label

Commercial Preparation

Bromine pentafluoride is prepared by direct combination of
1 part bromine with 5 parts fluorine in copper apparatus at 200
°C. It can also be prepared by heating a mixture of bromine
trifluoride and fluorine to 200 °C.

Chemical Properties

Bromine pentafluoride is a powerful fluorinating agent. Metal
chlorides, bromides, and iodides are converted to fluorides by
treatment with bromine pentafluoride. It will react vigorously
with water to give bromine, oxygen, and bromic and hydro-
fluoric acids

Bromine pentafluoride will convert many oxides to fluorides
and oxyanions to fluoanions. Bromine pentafluoride will react
with sulfur, selenium, tellurium, phosphorus, arsenic, antimony,
silicon, and boron at room temperature or at slightly elevated
temperatures to give the corresponding fluoride

Ether, benzene, and turpentine will burn immediately on
contact with bromine pentafluoride. Methyl chloride reacts with
it with explosive violence. Carbon tetrachloride is relatively
inert to bromine pentafluoride at ambient temperatures. The
reactions of bromine pentafluoride are frequently explosive and
find little preparative use.

Thermodynamic and Detailed Physical Data

Molecular Structure (3)

The bromine pentafluoride molecule has a tetragonal pyra-
mid structure, with C4, symmetry, with a symmetry number of
four. It has four long Br-F bonds with a bond distance of 1.79
X 107" m (1.79 A) and one short Br-F bond with a bond
distance of 1.68 X 107'"m (1.68 A). The bond angles Feauaterial_
Br-Feavatorial gnd Faxial.gr-peavateral 5re close to 90°
Infrared Spectrum

See Figure 2 for the infrared spectrum of gaseous bromine
pentafluoride
Density (4)

The density of liquid bromine pentafluoride between 15 and
76 °C is expressed by the following equation

d. = 2.5509 — 0.003 484t — 3.45 x 10 %t

in whichd = kg/dm” andt = °C
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BROMINE TRIFLUORIDE

(Formula: BrF;)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of BrF;

Vapor Pressure @ 20 °C

Boiling Point @ 101.325 kPa

Triple Point

Density Liquid @ 25 °C

Critical Temperature

Latent Heat of Fusion @ 8.77 °C
Dipole Moment, Gas

Molar Specific Heat, Liquid @ 27.4 °C
Index of Refraction, Liquid @ 101.325 kPa, np @ 25 °C
Dielectric Constant, Gas @ 142.4 °C
Trouton's Constant

Specific Conductivity @ 25 °C

Description

Bromine trifluoride is a highly toxic, colorless to gray-yellow
liquid, having the highest boiling point (125.75 °C) of any of
the halogen fluorides. It is extremely reactive, forming the
highest known fluorides of the elements from their halides.
Bromine trifluoride etches glass and quartz, sets fire to paper
and wood, and will react violently with most organic com-
pounds.

Specifications

Bromine trifluoride has a minimum purity of 98%. The prob-
able impurities are air, carbon tetrafluoride, and a fractional
percent of hydrogen fluoride.

Uses

Bromine trifluoride is used as a fluorinating agent and as an
electrolytic solvent, and is of interest as a propellant for rockets
and missiles.

Toxicity

The toxic effects of bromine trifluoride are comparable tc
those of chlorine trifluoride, which is considered the most toxic
and hazardous of the halogen fluorides. The properties of all
the halogen fluorides are such that there is little difference from
a practical standpoint. Extreme caution and care should be
observed when working with bromine trifluoride, since it can
be considered a highly toxic material, comparable to chlorine
trifluoride. When handling this material the rules governing the
handling of chlorine trifluoride should be observed. Therefore,
by analogy, the 1979 ACGIH Threshold Limit Value of 0.1 ppm
by volume in air is suggested. Concentrations of 50 ppm or

Matheson

0.136 899 kg

0.136 899 kg

0.931 kPa; 0.009 3 bar; 0.135 psia,
0.009 2 atm

398.90 °K; 125.75 °C; 258.4 °F

281.92.°K; 8:77 C: 4729 °F

2.803 kg/!/

600K 327 °E:620.6:°F

12.027 kd/mol; 2 874.6 cal/mol

3.97 x107°°C-m; 1.19D

124.73 J/(mol . °K)

14536

1.003 748

280

8.0 10529 /icm

more may be fatal in 30 minutes to 2 hours. In concentrations
of 100 ppm toxicity symptoms were noticed after 3 minutes in
experimental animals, and at 500 ppm symptoms appeared at
once; i.e., gasping for breath, swelling of eyes and eyelids,
cloudiness of the cornea, lacrimation, severe salivation, and
acute distress. Death was preceded by convulsions in many
cases.

From a practical standpoint, fatal concentrations would be
so irritating to the eyes and respiratory tract that this concen-
tration could not be tolerated. Although the threshold odor is
quite low, it is not guantitatively known. Toxic symptoms will
appear more slowly in low concentrations, but in all cases
where the TLV is exceeded, the symptoms of eye and respi-
ratory irritation will appear. Contact of bromine trifluoride with
body tissue will result in severe damage. The vapors are also
very corrosive. Severe irritation of the eyes, resulting in blind-
ness or ulceration, has been observed as a result of exposure
to the vapor. In the exposure of experimental animals to con-
centrations higher than the TLV, severe nephrosis as well as
marked toxic hepatosis and severe respiratory involvement
occurred.

First Aid Suggestions

Summon a physician immediately for any person who has
been burned or overcome by bromine trifluoride.

Prior to the physician's arrival, first aid measures should be
taken. Those presented herein are based upon what is believed
to be common practice in industry. Their adoption in any
specific case should be subject to prior endorsement by a
competent medical advisor.

1. Remove exposed victim from the area. For exposure due
to inhalation given artificial respiration only if breathing has
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i |
ceased. Oxygen should be administered by trained personne

only

er
For external exposure wash with large amounts of wat

affected clothing.

and follow with lime water. Remove any ; ;
fluoric acid.

Follow recommended first aid for hydro .
4. In all cases get immediate medical attention.

Precautions in Handling and Storage

1. Since bromine trifluoride is so extremely corrosive .to
human tissue and the eyes, personnel working with this matgrlal
should wear clean rubber gloves, safety glasses, a face shield,
and a protective apron

2 Work should be done in a well-ventilated area, preferably
a hood with forced ventilation

3. In removing the contents from a cylinder, attach a suitable
needle valve to the valve outlet so that uniform rates of flow
can be controlled. Dry nitrogen may be used to pressurize the
cylinder in order to transfer the liquid.

4. The cylinder should never be directly connected to a
container of liquid, since suckback may occur causing a violent
reaction within the cylinder. To prevent suckback, a trap, check
valve. or vacuum break should be inserted in the line. The trap
should be of sufficient size to take the total liquid volume that
can be sucked back

5. An instant-acting safety shower should be available, as
well as filled buckets of sodium bicarbonate and a reserve
supply to absorb any spillage. Dry-type fire extinguishers using
sodium bicarbonate can be used to dispose of spillage as well
as combat secondary fires

6. An air-line respirator or oxygen mask should be kept
close by the operation site, in an area that is not likely to
become contaminated, to be used in case of emergency where
dangerous concentrations may exist.

In addition, the general rules listed in Appendix | should be
observed

Materials of Construction

Bromine trifluoride can be used with a variety of metals due
to the formation of a passive metal fluoride film which protects
the metal from further corrosion. Monel and nickel are the
preferred materials of construction; however, metals, such as
copper, brass and steel may be used. Highly fluorinated poly-
mers such as Kel-F and Teflon are resistant to liquid and vapor
at ordinary temperatures under normally static conditions only.
Their use in flow conditions is not recommended. Materials
sultable for gaskets are soft copper, 2S aluminum, lead, and
Teflon plain or impregnated with a high percentage of calcium
fluoride. Braided copper backed with Teflon can be used for
valve packings. A pipe thread lubricant, if needed. should be
a water dispersion of Teflon, put on in two or three applications
;1;|, 'wing the threads to dry between applications before assem-‘
nng

Itis of utmost importance that all equipment used in bromine
trifluoride service be thoroughly cleaned to remove grease
scale, pipe dope, or other contaminants. All equipment shoulcj
be disassembled, degreased and reassembled with proper

. Degreasing and cleaning should be done
with a nonaqueous solvent such as acetone, trichloroethylene

packing before use

T
or carbon tetrachloride. After cleaning, the system shoy|g .
thoroughly purged with a stream of dry nitrogen. Since the
corrosion resistance of the materials of construction recom.
mended depends on the formation of a passive fluoride film &
passivating procedure should be used‘after cleaning and dryi;ug
the system as mentioned above. This procedure Consists of
evacuating the dry nitrogen from the system and slowly bleeg.
ing a small amount of bromine trifluoride vapor into the sy
Because of the very low vapor pressure of bromine trifluorige
it is recommended that the vapor be left in the system for ot
an hour to ensure that a passive film has been built up, The
system can then be vented and is ready for use.

Cylinder and Valve Description

Bromine trifluoride cylinders are equipped with an Outlet
designated as Compressed Gas Association (CGA) No. 679
which has a thread size of 1.030 inches and is left-hand with
external threads. The mating connection seats on a flat washer

CONNECTION 670 1.030”-14 LH EXT. using Face Washer

CONNECTION

Fig. 1. CONNECTION 670 1.030"-14 RH EXT. using Face
Washer.

Figure 1 illustrates the valve outlet and the mating connection
used in this service.

Safety Devices

Since cylinders of bromine trifluoride are not equipped with
safety devices, care should be taken to see that the cylinder is
not overheated. Although bromine trifluoride is a high boiling
liquid, excessive temperatures (over 51.7 °C (125 °F) may
cause the liquid to expand, completely filling the cylinder, and
create dangerous hydrostatic pressures.

Recommended Controls

Since bromine trifluoride is a liquid, its regulation from the
cylinder can be effected by a manual needle valve. Matheson
provides a Model 55A-670 monel needle valve for direct con-
nection to a cylinder. This needle valve can be provided with
inch compression fitting, 4 inch male or female NPT. A serrated
hose end is the usual outlet. A Model 60L monel needle valve
IS recommended for use with lecture bottles.

Shipping Regulations

Bromine trifluoride is shipped under DOT regulations in steel
cy!mders approved for shipment of compressed gases. It is
shipped as a corrosive liquid, taking a *‘White Label".

Chemical Preparation

Broming trifluoride is prepared by direct combination of 1
part bromine with 3 parts fluorine in a water-cooled coppef
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reactor with temperature maintained in the range of 15-50 °C
or by the reaction of BrF with Fo.

Chemical Properties

Bromine trifluoride is a powerful fluorinating agent. Metal
chlorides, bromides and iodides are converted to fluorides by
treatment with bromine trifluoride. Bromine trifluoride will react
vigorously with water to give bromine, oxygen, and bromic and
hydrofluoric acids.

Bromine trifluoride will convert many oxides to fluorides and
oxyanions to fluoanions. Bromine trifluoride will react with
sulfur, selenium, tellurium, phosphorus, arsenic, antimony, sil-
icon and boron at room temperature or at slightly elevated
temperatures to give the corresponding fluoride.

Ether, benzene and turpentine will burn immediately on con-
tact with bromine trifluoride. Methyl chloride reacts upon con-
tact with explosive violence. Carbon tetrachloride is relatively
inert to bromine trifluoride at ambient temperatures but can be
fluorinated and brominated at higher temperatures.

Thermodynamic and Detailed Physical Data

Molecular Structure (2)

The bromine trifluoride molecule has a distorted-T structure,
with C,, symmetry and a symmetry number of two. It has one
short (Br-F») 1.72 X 107 m (1.721 A) and two long (Br-F,
and Br-F3) 1.810 X 107'°m (1.810 A) Br-F bonds. The F,-Br-
F, bond angle is 86.21° and the Fs-Br-F; bond angle is
187.58°.

Infrared Spectrum (6)

See Figure 2 for the infrared spectrum of gaseous bromine
trifluoride.
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Density (3)

The liquid density between 10 and 125 °C corresponds to
the following equation:

d= 3.623 — 0.002 77 T (T = °K)

Some density values calculated by this equation are shown
below.

Temperature, °C Density, kg/I|

10 2.839
20 2.811
30 2.783
40 2.756
50 2728
60 2.700
70 2.672

The vapor pressure of bromine trifluoride, between 38-155
°C is described by the following equation:

1 685.8

wp="7. e
logio P 748 53 @+ 22057)

p = mmHg
t="°C

Values calculated from the above formula are as follows:

Temperature, Vapor Pressure
3 kPa mbar mmHg
38.72 2.354 23.54 17.66
49.10 4.093 40.93 30.7
57.00 6.310 63.10 47.33
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Fig. 2. Infrared spectrum of gaseous bromine trifluoride; 62 cm path length nickel cell, with AgCl windows: A, background; B,
0.0267 kPa (0.2 mmHg) pressure; C, 0.1333 kPa (1 mmHg) pressure; D, 0.7999 kPa (6 mmHQg) pressure.
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VAPOR PRESSURE

BROMINE TRIFLUORIDE

Entropy, S°

292.324 J/(mol. ok

Vapor Pressure

Temperature, ar mmHg _ 5 69.883 Ca'/(mol.°c)
c kPa mba I Free Energy Function, (F2es —
66.23 9.897 98.97 117;‘0 Hoe)/ T '22;224 J/(mol. °k)
76.36 15.73 157.3 : ~99.883 cal/(mol. g
84.94 22.67 226.7 ;;(5)8: Enthalpy Difference H5 — H3qg —14.276 kJ/mo|
91.84 30.00 300.0 : : —3.413 kcal/mo|
101.75 43.98 439.8 3322 Enthalpy of Formation, AHY —255.588 kJ/mol
111.85 63.41 634.1 : —61.087 kcal/mo|
121.96 89.50 895.0 %(1)8 Free Energy of Formation, AFY —229.396 kJ/mol
125.75 101.325 1 013.25 . —54.827 kcal/mo|
12004 g et ;2;; Molar Specific Heat, Liquid (4)
131 a: :jg 3:1 : iggf; ot @ 12.4 °C 15;221\1/(@31-%)
137.30 7 : ‘ : cal/(mol.°()
148.30 210.01 52:2; : 2%; Entropy, Liquid @ 25 °C (5) 170.24 J/(mol.°K)
154.82 241.34 : :

42.60 cal/(mol.°()
Standard Heat of Formation, Lig-
uid (5) @ 25 °C

See Figure 3 for vapor pressure curve.

—300.83 kJ/mol
Thermodynamic Properties of Bromine Trifluoride As Ideal —71.90 kcal-mol

Gas (w 25 °C
Heat Capacity, C;

Free Energy of Formation, Liquid
(5) @ 25 °C —240.58 kJ/mol

—57.50 kcal/mol

66.496 J/(mol- °K)
15.897 cal/(mol-°C)
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BROMOTRIFLUOROETHYLENE

(Synonym: Trifluorovinyl Bmeide)
(Formula: F,C = CBrF)

PHYSICAL PROPERTIES (1)

Molar Mass

Molecular Weight

One Mole of F,.C = CBrF

Specific Volume @ 21.1 °C, 101.325 kPa
Vapor Pressure @ 21.1 °C

Boiling Point @ 101.325 kPa

Absolute Density, Gas @ 101.325 kPa @20 °C

Relative Density, Gas @ 101.325 kPa @ 20 °C (Air = 1)

Density, liquid @ —2.5 °C

Critical Temperature

Critical Pressure

Critical Volume

Critical Density

Critical Compressibility Factor

Molar Specific Heat, Gas @ 101.325 kPa @ 25 °C
(@ Constant Pressure

(@ Constant Volume

Specific Heat Ratio, Gas @ 101.325 kPa @ 25 °C Cp/Cv
Viscosity, Gas @ 101.325 kPa @ 25 °C

Thermal Conductivity, Gas @ 101.325 kPa @ 25 °C

Description

Bromotrifluoroethylene is a colorless gas which is sponta-
neously flammable in air. It is detectable by its phosgene-like
dor (similar to musty hay). It is shipped as a liquefied gas

under its own vapor pressure of about 165 kPa (24 psig) at
e1.1 %

Specifications

Bromotrifluoroethylene has a minimum purity of 97.0%
Uses

Bromotrifluoroethylene is used in polymerization reactions
ind as a chemical intermediate

Effects In Man and Toxicity (2) (3)

N uantitative toxi
juantitative toxicity data are available. Based on animal

xperime t "‘”TM‘T””\“'-"\'t‘thwt‘ﬂe i
S S consid
noderate toxicit ered to be of

Ly

Limited experience

with animals indicates th

y ais at expo

' ncentrations of vapors of bre posure to
S O ,romotrlfluoroethylene may

al )

0.160 921 kg

0.160 921 kg

149.8 dm®/kg; 2.4 ft°/Ib

266.8 kPa; 2.668 bar; 38.7 psia; 2.633
atm

270.65 °K: —2.5 °C; 27.5 °F

6.754 kg/m®

5.606

1.92 kg/ !

457.99 °K; 184.8 °C; 364.7 °F

4 479 kPa; 44.79 bar; 44.2 atm

1.464 dm®/kg

0.683 kg/dm?®

0.277

89.04 J/(mol-°K); 0.132 2 kcal/(kg-
°C); 0.132 2 Btu/Ib-°F

80.73 J/(mol-°K); 0.119 9 kcal/(kg-
°C)0.119 9 Btu/(Ib- °F)

1.103

0.0130 mPa.s; 0.0130 mN-.s/m?
0.0130cP

0.008 033 W/(m-°K); 19.2 X 10" ° cal-
cm/(s-cm?.°C)

produce pulmonary damage, irritation and edema. Also, there
is a possibility of frostbite if the liquid contacts the skin.
Bromotrifluoroethylene has inadequate odor warning prop-
erties.
No Threshold Limit Value (TLV) has been recommended for
bromotrifluoroethylene by the 1979 ACGIH.

First Aid Treatment (4)

Inhalation

.Remove the victim to an uncontaminated atmosphere, ad-
minister oxygen, and observe for premonitary signs of delayed

pulmonary edema. Subsequent treatment is symptomatic and
supportive.

Skin Contact

If cqntact of the liquid form of bromotrifluoroethylene with
the skin occurs, frostbite may develop. In case frostbite devel-
OPS, cover the frostbitten part with a warm hand or woolen
mate”?" If the fingers or hand are frostbitten, have the victim
hold his hand in his armpit, next to his body. Then place the
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frostbitten part in warm water, about 42 °C (108 °F). If warm
water is not available, or is impractical to use, wrap the affected
part gently in blankets. Let the circulation reestablish itself
naturally. Encourage the victim to exercise the affected part
while it is being warmed.

Precautions in Handling and Storage

In addition to grounding all lines and equipment used with
bromotrifluoroethylene, the general rules listed in Appendix |
should be observed.

Leak Detection

Leaks of bromotrifluoroethylene may be detected by apply-
ing soap water solution to suspected points; leaks will be
indicated by bubble formation.

Materials of Construction

Most of the commonly used metals (steel, brass, aluminum,
copper, stainless steel) may be used with bromotrifluoroethy-
lene at room temperature provided the system is dry. At ele-
vated temperatures, some of the metals may cause catalytic
decomposition. Magnesium alloys and aluminum containing
more than 2% magnesium are not recommended for use in
systems containing bromotrifluoroethylene.

Recommended Controls

Regulator Model 3321 is recommended for use with lecture
bottles. It has a brass body, neoprene diaphragm, Kel-F seat,
and an angle style 8" NPT male outlet needle valve 1 12A with
mating hose connection. The delivery pressure range is 28-
410 kPa (4-60 psig). A Model 31B manual needle valve can
also be supplied for use with lecture bottles.

Flowmeters

Matheson Series 7600 laboratory stainless steel flowmeter
units are recommended where definite flow rates must be
known.

Electronic Mass Flow Controllers

The Matheson Series 8240 of type 316 stainless steel and
Series 8260 of type 316 stainless steel or monel are designed
to control the flow of gas regardless of pressure and tempera-
ture changes. These mass flow controllers consist of a trans-
ducer. a control valve, a blind controller/power supply, a
potentiometer, and a digital indicator. The transducer senses
the gas flow and sends a signal to the power supply. This
signal and one from the potentiometer are compared. If there
is an imbalance, the power supply generates a signal for the
control valve to reduce or increase the flow to correct the
imbalance. The accuracy is £1.2%

Matheson

Shipping Regulations

Bromotrifluoroethylene is classified by the DOT as a flam-
mable compressed gas and is shipped with the required ''‘Red
Gas Label

Chemical Preparation

Bromotrifluoroethylene may be prepared by debromination
of 1.1.2-tribromo-1,2,2-trifluorethane with zinc, or by dehy-
drobromination of CBrF.CHBrF by a base

Chemical Properties

Bromotrifluoroethylene has olefinic properties. Vapor phase
photobromination yields CBr.FCBrF», but photochemical chlo-
rination gives only 60% CCI,FCBrCIF and 40% of scrambled
bromo and chloro products. Bromotrifluoroethylene reacts with
S,Cl, and SCl, to give sulfides. It reacts with butyllithium or
methyllithium in ether or pentane solution to give trifluorovinyl-
lithium. It reacts with diethylamine to give (CzHs)2-
NCF.,CHBrF. It undergoes the Grignard reaction in tetrahydro-
furan as solvent to give F.C:CFMgBr, from which many inter-
esting compounds containing the trifluorovinyl group may be
derived. It may be polymerized or telomerized to oils and resins
covering a wide range of viscosities and having exceptionally
high densities while retaining chemical stability.

Thermodynamic and Detailed Physical Data

Infrared Spectrum

See Figure 1 for the infrared spectrum of gaseous bromotri-
fluoroethylene.

Vapor Pressure Vapor Pressure
Temperature, °C kPa bar mmHg

4.44 V2T 1.277 958
10.00 152.0 1.520 1140
15.56 182.4 1.824 1 368
211 2128 2.128 1 900
37.78 324.2 3.242 2 432

Thermodynamic Functions for Bromotrifluoroethylene as
|deal Gas (@ 26.85 °C (5)

Heat Capacity, C3/R 43.300 J/(mol-“K)

10.349 cal/(mol-°C)
168.582 J/(mol-°K)
40.292 cal/(mol-°C)
Enthalpy, (H — E3)/RT 30.016 kJ/mol
7.174 kcal/mol
—138.566 kJ/mol
-33.118 kcal/mol

Entropy, S°/R

Free Energy, (Ff — E3)/RT
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