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INTRODUCTION: 1 

 2 
This study guide will give you the practical information needed to handle compressed gas 3 
cylinders safely. You should be trained before using compressed gas cylinders. This training 4 
program is designed to give you the information necessary to handle compressed gas cylinders 5 
safely and to minimize possible risks. Handling compressed gas cylinders can potentially be 6 
dangerous, it is important that you be understand handling procedures of compressed gas 7 
cylinders. It is also important that you be aware of hazardous conditions that can lead to or 8 
cause accidents. There are three main sources for the information contained in this study guide, 9 
the Fermilab ES&H Manual, the Code of Federal Regulations and the Compressed Gas 10 
Association P‐1 standard‐ Safe Handling of Compressed Gases in Containers. 11 

 12 

LEARNING OBJECTIVES: 13 

 14 
You will be administered a test in order to check comprehension and understanding of proper 15 
techniques for using and handling compressed gas cylinders. By choosing the correct answers 16 
on the quiz you will demonstrate the degree of knowledge gained from the printed material 17 
and from the training video produced by the Compressed Gas Association that will be shown in 18 
class. You need to score at least 80% to successfully pass the test. 19 
 20 
Without references you should be able to: 21 
 22 
1 . Identify safe work practices for handling compressed gas cylinders. 23 
2. Identify safe work practices for storing compressed gas cylinders. 24 
3. Identify safe work practices for using compressed gas cylinders. 25 
4. Identify the characteristics of oxidizers, inert, flammable and poisonous gases. 26 
5. Identify the elements of external cylinder inspection, indicating that cylinders are in safe 27 
condition. 28 
 29 
Consider these questions when watching the videotape in class: 30 
 31 
1. How should compressed gas cylinders be lifted? 32 
2. How should compressed gas cylinder be moved? 33 
3. How are leaks located on a cylinder? 34 
4. Should cylinders be repainted? 35 
5. What needs to be done in an emergency? 36 

 37 

Definitions 38 

 39 
Charging ‐ Synonym sometimes used by regulatory agencies for the word filling.  40 
Corrosive gas‐ Gas that when in contact with living tissue causes destruction of the tissue by 41 
chemical action.  42 
 43 
Cryogenic liquid container‐ Pressurized, double‐walled, insulated container used to hold either 44 
cryogenic liquefied gas or refrigerated liquefied gas.  45 
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 46 
Cryogenic liquid Refrigerated‐ Liquefied gas having a boiling point colder than ‐90 ∙C (‐130 ∙F) at 47 
101.3 kPa, abs (14.7 psia). 48 
 49 
 Cylinder ‐ Generally a compressed gas container having a maximum water capacity of 454 kg 50 
(1000 Ib).  51 
 52 
Flammable gas‐  Any material that is a gas at 20°C (68 °F) or less and 101.3 kPa (14.7 psia) of 53 
pressure (a material that has a boiling point of 20°C (68 °F] or less at 101.3 kPa (14.7 psia]) that: 54 

 55 
• Is ignitable at101.3 kPa (14.7 psia) when in a mixture of 13 % or less by volume 56 

with air; or,  57 
• has a flammable range at 101.3 kPa (14.7 psia) with air of at least 12 % 58 

regardless of the lower limit. 59 
 60 
Handling‐ Moving, connecting, or disconnecting a compressed or liquefied gas container under 61 
normal conditions of use. 62 
 63 
Inert gas‐ Variety of gases that are practically inactive under standard conditions of 64 
temperature and pressure. 65 
 66 
Nesting ‐ Method of securing flat‐bottom cylinders upright in a tight mass using a contiguous 67 
three‐point contact system whereby all cylinders within a group have a minimum of three 68 
points of contact with other cylinders, walls, or bracing. 69 
 70 
Nonrefillable cylinder‐ Cylinder designed and constructed in accordance with DOT or TC 71 
regulations and, by those regulations, can be filled and discharged only once  72 
 73 
Normal temperature and pressure‐ Temperature of 21 °C (70 °F) and an absolute pressure of 74 
101.325 kPa, abs (14.7 psia). 75 
 76 
Oxidizing Gas‐ Gas that in the presence of an ignition source and a fuel supports and can 77 
vigorously accelerate combustion. 78 
 79 
Pressure Regulator‐ Mechanical device used to control the discharge pressure of a compressed 80 
gas from a container. 81 
 82 
Pressure relief device ‐ Pressure and/or temperature‐activated device used to prevent the 83 
pressure from rising above a predetermined maximum, and thereby preventing rupture of a 84 
normally charged container when subjected to a standard fire test required by DOT or TC 85 
regulations. 86 
NOTE-The term pressure relief device (PRD) is synonymous with safety relief device as used in DOT and TC regulations.  87 
 88 
Transfilling‐ Transfer of cryogenic liquid and/or compressed gas from one container to another.  89 
 90 
Valve protection cap ‐ Rigid removable cover provided for container valve protection during 91 
handling, transportation, and storage.  92 
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Safe Work Practices For Handling Compressed Gas Cylinders  93 

 94 
The following shall apply to users when using or handling compressed gas containers: 95 
  96 
Identify the content of the cylinder only by the label placed on the cylinder by the transfiller. 97 
Color shall not be used to identify the content of the container. ONLY medical gases are 98 
identified by color in accordance with CGA C‐9‐ Standard Color Marking of Compressed Gases 99 
Intended for Medical Use.    100 
 101 
Compressed gas cylinders shall not be used as rollers, supports, or for any purpose other than 102 
to contain and use the contents as received. There is one minor exception to "rolling" a 103 
cylinder. A cylinder may be rolled on its bottom edge but never dragged when moved short 104 
distances. 105 
 106 
Containers shall not be placed where they might become part of an electrical circuit. When 107 
compressed gas containers are used in conjunction with electric welding, they shall not be 108 
grounded or used for grounding. These precautions prevent the container from being damaged 109 
by the electric welding arc; 110 
 111 
Compressed gas containers shall not be exposed to temperature extremes. High temperatures 112 
can result in excessive pressure. Never apply a flame or heat directly to any part of a 113 
compressed gas container or allow it to come in contact with an electrically energized system. 114 
High temperatures also can damage the physical integrity of the container. If ice or snow 115 
accumulates on a container, thaw at room temperature or with water at a temperature not 116 
exceeding 125 °F (51.7 °C). 117 
 118 
If compressed gas containers have been exposed to fire, contact the gas supplier immediately. 119 
Do not ship these containers unless authorized by the gas supplier. 120 
 121 
Containers shall not be subjected to artificially created low temperatures without the approval 122 
of the gas supplier. Many steels undergo significantly decreased impact resistance and ductility 123 
at low temperatures; 124 
 125 
Some non‐cryogenic liquefied gases have relatively low vapor pressures at low ambient 126 
temperatures. These products might require the use of check valves to prevent back flow into 127 
the container; 128 
 129 
Leaking or defective components (valve caps, seals, pressure relief devices, cylinders etc.) shall 130 
not be offered for shipment. Consult the gas supplier for advice under these circumstances; 131 
 132 
When a container or valve is noticeably corroded, dented cut damaged or involved in an 133 
accident (dropping, struck etc.) notify the gas supplier and follow the instructions. 134 
 135 
Compressed gas streams should not be directed toward any person. This could cause serious 136 
injury to the eyes or body; and 137 
 138 
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Non refillable cylinders shall not be refilled with any material after use of the original contents. 139 
After usage, dispose of such cylinders in accordance with the cylinder manufacturer's 140 
recommendations. 141 
 142 
Use cranes, derricks and cradles, boats or other suitable platforms to lift cylinders. Do not use 143 
rope, chains, slings or magnets to suspend containers slings,. 144 
 145 
Valve protection caps should not be used for lifting a cylinder from one vertical position to 146 
another. Do not use bars to pry a cylinder loose if it is frozen to the ground. 147 
 148 
All compressed gas cylinders in service or in storage at user locations shall be secured to 149 
prevent falling or rolling. 150 
 151 
Cryogenic liquid cylinders shall always be stored upright. 152 
 153 
Cryogenic liquids can cause thermal burns upon contact with the body. When handling 154 
cryogenic liquids, wear eye protection such as a face shield and either safety glasses or safety 155 
goggles to protect against the extremely cold liquid and gas. Wear hand protection such as 156 
insulated gloves to prevent contact with cold liquid, cold gas, and cold equipment or piping. 157 
Gloves should be loose fitting so they can be readily removed if liquid splashes into them. Wear 158 
long‐sleeved shirts and cuffless trousers over (outside) high‐topped shoes to prevent spills from 159 
being trapped in shoes or allowed to contact the feet. 160 

 161 
Transportation in passenger vehicles‐ The transportation of compressed gas cylinders in 162 
unsuitable vehicles or in closed‐bodied vehicles can present serious safety hazards and should 163 
be discouraged. Refer to CGA PS‐7, CGA Position Statement on the Safe Transportation of 164 
Cylinders in Passenger Vehicles, for additional guidance (included with this booklet). 165 
 166 

• Leaks can develop for a variety of reasons. Container leaks can be due to corrosion, 167 
cracking, poor maintenance and care, or damage. Valve leaks can be due to improper 168 
blocking or securing of cylinders or inadequate valve protection. leaks from safety 169 
relief devices can occur from extended confinement in an enclosed compartment 170 
(trunk or passenger compartment) that is subjected to excessive heating by the sun; 171 
 172 

• Leaking flammable gases can present a serious fire and/or explosion hazard. 173 
Transport liquefied flammable gas cylinders in the upright position. The PRD always 174 
shall be in direct communication with the gas phase. Never put cylinders in trunks of 175 
cars or unventilated areas of passenger vehicles; 176 
 177 

• Oxidizing gases, while not flammable themselves, present additional hazards. In the 178 
presence of an ignition source and fuel, they can support and vigorously accelerate 179 
combustion in an enclosed vehicle;  180 

 181 
• Inert gases can cause asphyxiation in an enclosed vehicle by displacing the oxygen in 182 

air that is necessary to sustain life; and,   183 
 184 
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• Shipping compartments should be adequately ventilated and not allowed to exceed 185 
125 °F (51.7 °C). The trunk and passenger area of a vehicle can reach temperatures 186 
in excess of 125°F (51.7°C) quite easily on a warm or sunny day especially when the 187 
vehicle is parked in the sun.  188 

 189 

General Precautions  190 

 191 
The following are general precautions and housekeeping items to remember when working 192 
with all compressed gas cylinders: 193 
 194 
When you're unsure about the proper handling of a compressed gas cylinder or its content, 195 
consult the manufacturer or supplier. Information about the gas is available from your Senior 196 
Safety Officer, or on the Material Safety Data Sheet (MSDS), kept in the Right‐to‐Know folder in 197 
your work area. It contains the material's identity, hazardous ingredients and the name, 198 
address, and phone number of the manufacturer.  199 
 200 
The person handling the cylinder and connections is responsible for checking the identity of the 201 
gas by reading the label or other markings on the cylinder before using it. If the content is not 202 
clearly marked, do not use it. Return it to the supplier as soon as possible. If a foreign substance 203 
enters a cylinder or the valves are damaged, notify the owner or manufacturer. Be prepared to 204 
provide details about the incident and serial number of the cylinder involved. 205 
 206 
Keep oily substances away from cylinders, valves, coupling hoses and other apparatus. Valves 207 
on empty cylinders should be kept closed at all times. 208 
 209 
Keep valve protection caps in place when cylinders are moved or not in use. Screw the 210 
protection cap all the way down. 211 
 212 

Close cylinder valves when the job is finished. 213 
 214 
When transporting compressed gas cylinders outside your work area: 215 

 216 
• make sure the valves are closed, 217 
• remove the regulators, 218 
• make sure the protection cap is in place and 219 
• secure the cylinder on a cylinder cart. 220 
 221 
NEVER use compressed gases to dust off clothing, as this may cause serious injury to the eyes 222 
or body, or create a fire hazard. If using compressed air to clean your clothing the discharged 223 
pressure must be reduced to 30 PSI or less at the cleaning nozzle. Higher pressures may force 224 
air into the bloodstream and cause an air embolism causing injury and possibly death. 225 

 226 

 227 
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 228 

Transporting Dewars and Cylinder In Enclosed Elevators 229 

 230 
Section 5000 of the Fermilab ES&H Manual describes the procedure for moving dewars and 231 
cylinders in enclosed elevators. Refer to this section if you need more information on 232 
pressurized gas safety. 233 
 234 
When transporting open or closed mouth cryogenic dewars containing more than 5 liters of  235 
liquid in enclosed elevators follow these steps: 236 
 237 
Before placing the dewar on the elevator, inspect it for the following: 238 
1) No frost, sweating, or venting of  dewar contents may be present when transporting a dewar. 239 
2) Close the pressure building valve on any dewar transported in an elevator. 240 
3) The pressure of the dewar must be less than 1/2 of the pressure setting of  the dewar's main 241 
relief valve. 242 
 243 
When moving the dewar: 244 
 245 
1) Only trained personnel may accompany dewars in elevators. 246 
2) Not more than two people will be allowed on the elevator with the dewar. 247 
3) In Wilson Hall elevators, the operator will use a lockout key to prevent the elevator from 248 
stopping, except on the desired floor. The key can be obtained from the Communications 249 
Center. 250 
4) Not more than two dewars containing liquid may be moved on an elevator at a time. 251 
 252 
This procedure is to be used for moving all gas cylinders in enclosed elevators: 253 

• The valve protection cap must be securely in place. 254 
• Cylinders should be belted or chained to an approved cylinder cart. 255 

 256 

 257 

Safe Work Practices for Storing Compressed Gas Cylinders 258 

 259 
Storage areas shall be designed to accommodate the various containers of gases required by 260 
the user. Adequate spacing or segregation by partitioning in accordance with applicable codes 261 
shall be provided so containers can be grouped together by the hazard class of the gas.  262 
 263 
Additional consideration should be given to separate storage of full and empty containers. 264 
Further design consideration shall include a well‐drained, well ventilated area, preferably of 265 
fire‐resistive construction. Storage in subsurface locations should be avoided. 266 
 267 
Users shall ensure that there is adequate separation from combustibles as specified by federal, 268 
state, and local regulations. Containers shall not be stored near readily ignitable substances 269 
such as gasoline.  270 
 271 
Containers should not be exposed to corrosive chemicals or fumes. Corrosion can damage 272 
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the containers and cause the container valve protection caps to stick. 273 
 274 
Containers stored in vehicles enclosures or other storage areas shall not be allowed to exceed 275 
125 oF (51.7 oC). Trunk and passenger areas of vehicles can exceed this temperature during 276 
sunny or warm weather. 277 
 278 
Containers shall be protected from any object that can produce a harmful cut or other abrasion 279 
in the surface of the metal. Containers shall not be stored near elevators, walkways, 280 
unprotected platform edges, or in locations where heavy moving objects can strike or fall on 281 
them. 282 
 283 
A material safety data sheet (MSDS) must be available for each type of compressed gas used or 284 
stored. The MSDS is an excellent source of information on hazardous chemicals. 285 
 286 
Store gas cylinders secured and in an upright position with the cylinder cap on at all times. 287 
Racks containing small cylinders must be secured with special attachments. Fuel gas cylinders 288 
must be stored with valve end up. Liquefied gases should also be stored and shipped with the 289 
valve end up. 290 
 291 
Empty and full cylinders must be segregated within a rack. Empty cylinders must be clearly 292 
marked within a storage area. Storage areas must be labeled for each specific gas. Storage 293 
areas must be well ventilated and away from combustible materials. 294 
 295 
No Smoking signs must be posted and clearly visible. This is a precaution against fires and 296 
explosion. Ventilation protects workers from asphyxiation since practically all gases displace 297 
oxygen in the air. 298 
 299 
Flammable gas cylinders and oxidizer cylinders must be separated by 20 feet or by a non‐300 
combustible barrier 5 feet high with a fire resistance rating of at least one half hour. Provide 301 
fire resistant shields. Do not allow ignition sources such as torches or cigarette lighters, or 302 
lighted cigarettes in the area. Sparks or flames should never be permitted to come in contact 303 
with any part of a compressed gas cylinder. 304 
 305 
Store cylinders in an assigned place away from radiators, elevators, stairs or gangways. These 306 
areas should protect cylinders from being knocked over, damaged by falling objects, tampering 307 
or anything that could ground electrical circuits. 308 
 309 

Exits should never be blocked for any reason. 310 

 311 
Temperatures 312 
 313 
Cylinder storage areas should be maintained at a constant temperature. Cylinders containing 314 
compressed gases should not be subjected to a temperature above 125° F. Many steels 315 
undergo decreased ductility at low temperatures. Cylinders should not be subjected to 316 
artificially created low temperatures without the supplier's approval. 317 

 318 
 319 
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Safe Work Practices For Using Compressed Gases 320 

 321 
A ruptured compressed gas cylinder can cause severe damage and serious injuries. This hazard 322 
can be avoided with proper handling techniques. Always handle cylinders carefully and never 323 
roughly. Do not drop cylinders, bang safety devices or valves. 324 
 325 
Cylinders without fixed hand wheels must have keys, handles or non‐adjustable wrenches on 326 
valve stems while in service. Use one key (or handle) for each manifold on multiple cylinder 327 
installations. 328 
 329 
Avoid complete removal of the stem from cylinder valves. This is necessary to quickly close a 330 
cylinder valve in case of an emergency. 331 
 332 
If there is an operational problem with a compressed gas cylinder, send it back to the 333 
manufacturer. Do not use a hammer or wrench to open a cylinder valve. Never tamper with or 334 
repair cylinder valves. 335 
 336 
NOTE: Do not mix gases in a cylinder. 337 
 338 
When using a non‐liquefied compressed gas from a container (except acetylene), the pressure 339 
should not be reduced below the operating pressure of the system or not less than 20 psig (138 340 
kPa) to prevent the backflow of atmospheric air or other contaminants into the container.  341 
Stand to the side when opening a cylinder, always open cylinder valves slowly.  342 
 343 
Before connecting a regulator, open the cylinder valve slightly and close it immediately. This 344 
will clear any foreign matter from the opening. Never open or clear a regulator near a source of 345 
ignition. 346 
 347 
Connect an oxygen regulator to the valve on an oxygen cylinder before using it, unless it is 348 
connected to a manifold. 349 
 350 
Do not put anything on top of an acetylene cylinder when in use which may prevent the quick 351 

closing of the valve. An acetylene cylinder valve must not be opened more than 1 1/2 turns of 352 
the spindle, and preferably no more than 3/4 of a turn. 353 
 354 
Never bring a compressed gas cylinder into a confined space. 355 
 356 
If a compressed gas cylinder is leaking follow these precautions: 357 
 358 

• Move it outdoors well away from any source of ignition. 359 
• Plainly tag the cylinder to warn others. 360 
• A regulator may be used temporarily to stop a leak through the valve seat. 361 
• Open the cylinder slightly to allow the gas to release slowly. 362 
• Keep the area free of visitors. 363 
• Notify the gas supplier and follow his recommendations. 364 
• Notify the fire department. 365 
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 366 
Residual Container Pressure‐ When using a non‐liquefied compressed gas from a container 367 
(except acetylene), the pressure should not be reduced below the operating pressure of the 368 
system or not less than 20 psig (138 kPa) to prevent the backflow. 369 
 370 
Acetylene shall never be used in its free state at pressures in excess of 15 psig (103 kPa). The 371 
container valve shall be closed hand tight to retain this residual pressure. 372 
 373 
The container valve shall be kept closed al all times (charged or empty) except when the 374 
container is in use. Valve outlets shall be pointed away from all personnel when the valve is 375 
being opened. 376 
 377 
Removing the pressure regulator‐ Before a regulator is removed from a container, close the 378 
container valve and relieve the regulator of gas pressure.  379 
 380 

Characteristics of Oxidizers, Inert, Flammable and Poisonous Gases 381 

 382 

Before using a highly toxic or Poisonous gas read all the information on the container label and 383 
the Material Safety Data Sheet (MSDS) associated with the product. Take all precautions 384 
recommended on the MSDS. 385 
 386 
Flammable gases 387 
 388 
Some gases become flammable when mixed with air in small amounts (13% or less by volume). 389 
 390 
Examples of flammable gases include acetylene, butadiene, carbon monoxide, ethane, 391 
ethylene, hydrogen, hydrogen sulfide, the liquefied petroleum gases, methane, methyl 392 
acetylene propadiene, and vinyl chloride. 393 
 394 
Carbon monoxide is odorless, colorless, toxic, and flammable. It is important to wear the 395 
personal protective equipment (PPE). Because of these characteristics, all leaks must be 396 
eliminated before a system is placed in operation. 397 
 398 
Acetylene is a highly reactive flammable gas and can be stored safely only in cylinders specially 399 
designed for acetylene service. Handling procedures for flammable gases: 400 
 401 
Prevent fires by eliminating all leakage of flammable gases, proper ventilation and by storing 402 
gases in accordance with safe practices. 403 
 404 
Never use fuel gas from cylinders through torches or other devices equipped with shut off 405 
valves without a pressure reduction device. Attach a suitable regulator to the cylinder valve or 406 
manifold. Always make special wrenches available for use. When those wrenches are required, 407 
leave them in position on the valve stem so that the fuel gas flow can be quickly turned off 408 
while the cylinder is in use. 409 
 410 
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Acetylene containers should be stored with the valve end up (the container axis may be inclined 411 
as much as 45 degrees from the vertical) to lessen the possibility of solvent being discharged.  412 
 413 
Cylinders are designed to be used in an upright position but may be inclined up to 45 degrees 414 
from the vertical and still be considered to be in an upright position. There are some cylinders 415 
that are designed to be used in a horizontal position such as propane cylinders in forklifts or 416 
tow motors but those are clearly identified for that specific use.  417 
 418 
Inert gases 419 
 420 
Inert gases such as argon, carbon dioxide, helium, krypton, neon nitrogen, and xenon are 421 
simple asphyxiants that can displace oxygen in the air, and can cause suffocation. When the 422 
normal amount of oxygen in the air is reduced by displacement with an inert gas, it is a 423 
potential hazard to employees. Reduced concentration of oxygen in the air causes sleepiness, 424 
fatigue or loss of physical coordination, even death. 425 
 426 
Poisonous Gases 427 
 428 
Storage of highly toxic or poisonous gases must be outdoors, or in a separate non‐combustible 429 
building without any other occupancy. Poison gases such as arsine, diborane, methyl bromide, 430 
nitric oxide, nitrogen dioxide, phosgene, and phosphine can cause potential hazards to 431 
personnel and requires special handling.  These products must never be handled except by 432 
specially trained personnel who are fully aware of the potential hazards involved and who are 433 
equipped with such special personal safety gear as is necessary in the handling of these 434 
products. 435 
 436 
Oxidizing gases 437 
 438 
Oxygen and gas mixtures containing large quantities of oxygen react chemically with organic 439 
materials to produce heat. Keep all flammable materials and possible sources of ignition away 440 
from oxygen or gas mixtures containing high concentrations of oxygen. The manufacturer or 441 
supplier must specifically clean all equipment used for oxygen service. This includes oxygen 442 
gases or liquids. All traces of oils, greases or gas mixtures containing a high concentration of 443 
oxygen must be completely removed. 444 

 445 

External Indicators of Compressed Gas Cylinder Condition 446 

 447 
Never force regulator‐to‐cylinder connections that do not fit. Make sure the valve connections 448 
are properly mated; otherwise the threads may be stripped. Threads on regulator connections 449 
or other auxiliary equipment must be the same as those on the cylinder valve outlet. 450 
 451 
Inspect compressed gas cylinders for defective valves and safety devices. 452 
 453 
Pressure relief devices should prevent the pressure from rising above a pre‐determined 454 
maximum. It should also prevent a rupture in a normally charged cylinder when subjected to a 455 
standard fire test. 456 
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 457 
Make sure safety devices are assembled correctly and valve handles are not bent or stiff. 458 
 459 

• Leaking 460 
 461 
Look for defects in a welded or brazed seam, at a threaded opening or sharp dents, digs, gouges 462 
or pits. 463 
 464 
  • External corrosion 465 
 466 
A cylinder must be condemned when the tare weight is less than 90% of the original stamped 467 
weight. Excessive pitting affects wall thickness. Look for crevice corrosion more than 3 inches 468 
long. 469 
 470 

• Bulging 471 
 472 
Cylinders have a symmetrical shape. Cylinders with visible bulges must be removed from 473 
service and evaluated. 474 
 475 

• Dents 476 
 477 
Sharp, defined dents or dents near a weld should be rejected. 478 
 479 

• Other overheating (fire, arc burns) 480 
 481 
Burned base metal, or a hardened heat affected zone will create brittleness. Look for deposits 482 
of weld metal or displacement of  base metal. Be aware of charred or burned paint (or other 483 
protective coatings), distorted cylinders, melted‐out fuse plugs, burned or melted valves. 484 
 485 

• Unauthorized or improper repair 486 
 487 
Cylinders in need of repair should be returned to the manufacturer. 488 
 489 
Internal inspections of compressed gas cylinders require special equipment. Cylinders returned 490 
to the manufacturer are inspected for the following: 491 
 492 

• Internal deposits 493 
• Internal corrosion 494 
• Metal fatigue 495 
• Manufacturing defects 496 

 497 
Warnings should be placed on cylinder with leaking fuse plugs or safety devices (plainly tag). 498 
Notify the supplier about cylinder defects. Return defective cylinders promptly to the supplier. 499 
 500 
Each cylinder must bear the Interstate Commerce Commission (ICC) label required for the 501 
compressed gas contained, except under certain specified conditions established in ICC 502 
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regulations. Do not deface or remove any markings, labels, decals, tags and stencil marks used 503 
for identification of content attached by the supplier. Cylinders must be marked to indicate: 504 
 505 

1) Manufacturing specifications, 506 
2) Service pressure design, 507 
3) Manufacturer's serial number, 508 
4) Inspector's symbol, 509 
5) Manufacturer's symbol. 510 

 511 
These markings are stamped into the shoulder of the cylinder. (See the markings insert in this 512 
booklet). 513 
 514 
Never identify the type of gas contained in a cylinder by the color of the cylinder. Do not 515 
repaint cylinders unless authorized by the owner. 516 
 517 

Transfilling 518 

  519 
The transfer of compressed gases from one container to another should be performed only by 520 
the gas supplier or by personnel:  521 
 522 

• who are trained and qualified with the proper transfill equipment and written 523 
operating procedures; and ,  524 

 525 
• who are familiar with the precautions necessary to avoid the hazards of the product 526 

being transfilled and with the procedures necessary to comply with all government 527 
standards and regulations.  528 

 529 
 530 

SUMMARY 531 

 532 
Cylinders must be secured.  533 
 534 
Racks containing small cylinders must be secured by special attachments.  535 
 536 
Storage areas must be labeled for the specific gases to be stored in those 537 

areas. 538 

 539 

NO SMOKING signs must be posted and clearly visible. 540 
 541 
Flammable gas cylinders and oxidizer cylinders must be separated by 20 feet or by a non‐542 
combustible barrier 5 feet high having a fire resistance rating of at least one half‐hour. No 543 
ignition sources are allowed in the area. 544 
 545 
Cylinders of all gases must be stored upright with the cylinder cap in place. 546 
 547 
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Empty and full cylinders must be segregated in the rack or otherwise clearly marked. 548 
 549 
Cylinder storage areas must not be placed next to combustible materials or obstruct exit 550 
routes. 551 
 552 
Storage areas must be well ventilated. 553 
 554 

Take care in handling and storing compressed gas cylinders. If you have any questions about 555 
particular gases check the MSDS, or speak to the manufacturer or senior safety officer in your 556 
area. Following safety procedures will minimize the risks involved with handling compressed 557 
gas cylinders.  558 
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Responsible Care®

A Public Commitment

Safetygram-16
Safe Handling of Cryogenic Liquids

Introduction

A cryogenic liquid is defined as a liquid with a
normal boiling point below –240°F  (–150°C).
The most commonly used industrial gases that
are transported, handled, and stored in the liquid
state at cryogenic temperatures are argon, heli-
um, hydrogen, nitrogen, and oxygen.

There are a number of general precautions
and safe practices that must be observed
because of the extremely low temperatures
and high rates of conversion into gas of all 
the cryogenic liquids. There are also specific
precautions that must be followed where a
particular liquid may react with contaminants
or may present other hazards associated with
that particular product such as asphyxiation 
or flammability.

The user of any cryogenic liquid covered in
this Safetygram should be familiar with both
the general and specific precautions outlined.
Safetygrams for individual cryogenic liquids 
are available and should be consulted for
additional information. Please consult
www.airproducts.com/productstewardship to
determine which Safetygrams may be of
assistance. As always, end users should have
and be thoroughly familiar with the Material
Safety Data Sheet (MSDS) for their specific
product. All operators must be familiar with
the instructions provided with the equipment
to be used with the cryogenic liquid.

General Safety Precautions

Many of the safety precautions observed for
gases in the gaseous state also apply to the
same gases in the liquid state. However, each
cryogenic liquid has its own unique properties.
Also, all cryogenic liquids involve potential haz-
ards that stem from the following properties:

1. All cryogenic liquids are extremely cold.
Cryogenic liquids and their vapors can
rapidly freeze human tissue and can cause
many common materials such as carbon
steel, rubber, and plastics to become brittle
or even break under stress. Cryogenic 
liquids in containers and piping at tempera-
tures at or below the boiling point of lique-
fied air [–318°F (–194°C)] can actually
condense the surrounding air and can
cause a localized oxygen-enriched atmos-
phere. Extremely cold cryogens such as
hydrogen and helium can even freeze or
solidify the surrounding air.

2. All cryogenic liquids produce large volumes
of gas when they vaporize. For example,
one volume of liquid nitrogen at atmos-
pheric pressure vaporizes to 694 volumes
of nitrogen gas at 68°F (20°C). A cryogenic 
liquid cannot be indefinitely maintained as
a liquid even in well-insulated containers.
If these liquids are vaporized in a sealed 
container, they can produce enormous
pressures that could rupture the container.
For this reason pressurized cryogenic con-
tainers are normally protected with multiple
devices for over-pressure prevention.
Common pressure-relief devices are a
pressure-relief valve for primary protection
and a rupture disc for secondary protection.
All sections of equipment that may allow
for the liquid to become trapped must be
protected by a pressure-relief device as
shown in Fig. 1. The product vented by
these relief devices should be routed to a
safe outdoor location.

Valves

Fig. 1  Potential for trapping liquid between valves.

Valves

Safety Relief Device



Special Hydrogen Precautions

Do not permit smoking or open flames in 
any area where liquid hyrdrogen is stored or
handled. All major stationary equipment
should be properly grounded. All electrical
equipment and wiring should be in accor-
dance with National Fire Protection
Association Pamphlet 50B and/or National
Electrical Code, Article 500. Boil-off gas from
closed liquid hydrogen containers used or
stored inside buildings must be vented to a
safe location.

Liquid hydrogen should not be poured from
one container to another, or transferred in an
atmosphere of air. If this is done, the oxygen in
the air will condense in the liquid hydrogen,
presenting a possible explosion hazard. Liquid
hydrogen also has the potential of solidifying
air which can block safety relief devices and
other openings, which may lead to rupture of
the container. Dewars and other containers
made of glass are not recommended for liquid
hydrogen service. Breakage makes the possi-
bility of explosion too hazardous to risk.

Every effort must be made to avoid spills,
regardless of the rate of ventilation, because 
it is impossible to avoid creating a flammable
vapor cloud.

Containers

Cryogenic liquids are stored, shipped, and
handled in several types of containers,
depending on the quantity required by the
user. The types of containers in use are the
dewar, cryogenic liquid cylinder, and cryogenic
storage tank. Storage quantities vary from a
few liters to many thousands of gallons. Since
heat leak is always present, vaporization takes
place continuously. Rates of vaporization vary
depending on design of the container, ambient
conditions, and the volume of stored product.

Containers are designed and manufactured
according to the applicable codes and 
specifications for the temperatures and 
pressures involved.

Dewars

Fig. 2 illustrates a typical, vacuum-jacketed
dewar. A loose-fitting dust cap over the outlet
of the neck tubes prevents atmospheric 
moisture from plugging the neck and allows
gas produced from vaporized liquid to escape.
This type of container is non-pressurized. The
most common unit of measure for the capaci-
ty of a dewar is the liter. Five- to 200-liter
dewars are available. Product may be
removed from small dewars by pouring, while
larger sizes will require a transfer tube.
Cryogenic liquid cylinders which are pressur-
ized vessels are sometimes incorrectly
referred to as dewars.

3

Cryogenic Storage Tanks

A typical customer installation (see Fig. 4)
includes a tank, vaporizer, and pressure control
manifold. Tanks may be spherical or cylindrical
in shape. They are mounted in fixed locations
as stationary vessels or on railroad car or truck
chassis for easy transportation. Sizes range
from 500 gallons to 420,000 gallons. All tanks
are powder- and vacuum-insulated in the
annular space. Tanks are equipped with 
various circuits to control product fill, pressure
build-up, pressure relief, product withdrawal,
and tank vacuum. Tanks are designed to 
ASME specifications for the pressures and
temperatures involved.

Fig. 2  A typical dewar.

Cryogenic Liquid Cylinders

Fig. 3 shows a typical cryogenic liquid cylin-
der. Cryogenic liquid cylinders are insulated,
vacuum-jacketed, pressure vessels. They
come equipped with safety relief valves and
rupture disks to protect the cylinders from
excessive pressure build-up. These containers
operate at pressures up to 350 psig and have
capacities between 80 and 450 liters of liquid.

Product may be withdrawn as a gas by pass-
ing liquid through an internal vaporizer or as a
liquid under its own vapor pressure. For more
details on the construction and operation of
cryogenic liquid cylinders consult Air Products’
Safetygram-27, Cryogenic Liquid Containers.

Fig. 4  A typical customer station with a cryogenic
storage tank.
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• E-mail: gasinfo@apci.com
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Technical Information Center

Emergency Response System

• For MSDS and Safetygrams:
www.airproducts.com/productstewardship

• Fax-on-Demand:
Call: +1 (800) 245-2746

• Enter MSDS Index No. 1000 for a complete 
list of available safety literature.

• 24 hours a day, 7 days a week

Product Safety Information

• Compressed Gas Association
1725 Jefferson Davis Highway, Suite 1004
Arlington, VA 22202-4102
Phone: +1 (703) 412-0900

• National Fire Protection Association
1 Batterymarch Park, P.O. Box 9101
Quincy, MA 02269-9101
Phone: +1 (800) 344-3555
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• 24 hours a day, 7 days a week
• For assistance involving Air Products and
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Phone: +1 (800) 654-4567, +1 (610) 481-4911. Fax: +1 (800) 880-5204. www.airproducts.com
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Responsible Care®

A Public Commitment

Safetygram-15
Cylinder Pressure-Relief Devices

General

Pressure-relief devices are installed on most
cylinders to prevent the rupture of a normally
pressurized cylinder when it is inadvertently
exposed to fire or high temperatures. There are
many types of pressure-relief devices; each
has a designated use. Types of pressure-relief
device designs include fusible plugs, rupture
disks, rupture disks with fusible metal backing,
and spring-loaded relief valves.

This Safetygram identifies the pressure-relief
devices used to provide cylinder protection for
various compressed gases. The specific pres-
sure-relief device designated for a compressed
gas cylinder depends on many factors, includ-
ing the type of gas, the Department of
Transportation (DOT) rated service, test pres-
sures of the cylinder, and the cylinder size.

The Compressed Gas Association (CGA) lists
the pressure-relief devices to be used on 
specific products in their Pamphlet S-1.1
“Pressure-Relief Device Standards Part 1:
Cylinders for Compressed Gases.” DOT 
regulations require compliance with this 
document for the selection and use of pres-
sure-relief devices to be used on compressed
gas cylinders.

CAUTION: Pressure-relief devices do not 
permit the user to exercise any less care in
following proper handling, use, and storage
procedures for cylinders.

Types of Cylinder
Pressure-Relief Devices

The CGA has identified several types of
pressure-relief devices:

Type CG-1: The Rupture Disk Device

A rupture disk device is a nonreclosing 
pressure-relief device actuated by static 
pressure and designed to function by the
bursting of a pressure-containing disk. The
disk is the operating part of the device. It is a
flat disk, typically made of metal, designed to
a specification that will allow it to burst at a
predetermined pressure to permit the release
of gas. Rupture disks relieve overpressure in
cylinders that may result from an external fire
or from overfilling. The burst pressure of rup-
ture disks may not exceed the minimum DOT-
required test pressure of the cylinder, which is
generally 5/3 of the cylinder service pressure.
Some exceptions to this rule are:

•The burst pressure must not exceed 
4500 psig for DOT-3E or CTC-3E 
specification cylinders.

•The burst pressure must not be less than
105% of the cylinder test pressure or greater
than 80% of the minimum burst pressure for
DOT-39 cylinders.

The pressure rating of the disk is typically
stamped onto the face of the device.

Vent Holes

Gasket

Rupture Disk

Fig. 1  Type CG-1 Pressure-Relief Device



Type CG-2: Fusible Plug Device 
Rated at 165°F

The fusible plug device is a nonreclosing pres-
sure relief device designed to function by the
yielding or melting of a plug of fusible metal.
The type CG-2 plugs use an alloy that yields at
a temperature not exceeding 170°F, nor less
than 157°F (165°F nominal). These devices
are not suitable for service pressures exceed-
ing 500 psig. Pressures above 500 psig may
cause the fusible alloy to extrude and eventu-
ally release the product.

Failures from excess pressure are time- and
pressure-dependent. These devices cannot be
relied upon to protect from overpressurization
at temperatures below their melting point.

They are designed to protect the cylinder from
overpressurization caused by exposure to
excessive heat only. In the event a cylinder is
exposed to fire or other sources of excess
heat, the fusible plug is designed to melt and
release the cylinder contents. This prevents
product within the cylinder from creating
excessively high pressures, caused by high
external temperatures, and rupturing the 
cylinder. The plugs may use one of several
designs to hold the fusible alloy in place. (See
Fig. 2.) The temperature rating of the fusible
metal is stamped into the face of the device.
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Type CG-5 Combination Rupture Disk/
Fusible Alloy Rated at 212°F

This device is the same as the CG-4 pressure-
relief device except that it uses a fusible metal
with a higher melting temperature. The CG-5
device uses a fusible alloy with a melting
point not exceeding 220°F, nor less than
208°F (212°F nominal).

Type CG-7: Pressure-Relief Valve

Pressure-relief valves are spring-loaded 
valves that are normally closed. When the
cylinder pressure exceeds the pressure setting
of the spring in the relief valve, the valve
opens and begins discharging the cylinder
contents. Once the cylinder pressure decreas-
es to the relief valve’s pressure setting, the
valve will normally reseat—without leakage—
after venting sufficient gas to control the inter-
nal cylinder pressure. The pressure setting of
the pressure-relief valve must not be less than
75%, nor more than 100% of the minimum
test pressure of the cylinder. The reseating
pressure must not be less than the pressure 
in a normally charged cylinder at 130°F.

An exception is the relief valve on DOT-39
cylinders. With these, the set pressure must
not exceed 80% of the minimum burst pres-
sure of the cylinder and must not be less than
105% of the cylinder test pressure.

Type CG-3: Fusible Plug Device 
Rated at 212°F

This device is similar to the CG-2 pressure-
relief device except that it uses a fusible metal
with a higher melting temperature. The CG-3
device uses a fusible alloy with a melting
point not exceeding 220°F, nor less than
208°F (212°F nominal). This device is most
commonly found on acetylene cylinders.

Type CG-4: Combination Rupture Disk/
Fusible Alloy Rated at 165°F

The CG-4 consists of a rupture disk backed 
by a fusible plug on the atmospheric side of
the disk. The burst pressure of the disk must
not exceed the minimum DOT required test
pressure of the cylinder (except as noted under
Type CG-1); the fusible metal must yield
between 157-170°F (165°F nominal).

The combination pressure-relief device 
provides protection against cylinder rupture
caused by fire or high temperatures. If a fire
occurs, the fusible metal yields or melts and
cylinder overpressure caused by the heated
gas is relieved by the bursting of the rupture
disk. Both the pressure and temperature
requirements of the device must be satisfied
before the device can function.

This device will not protect a cylinder from
overpressurization if the fusible alloy is not
heated to its yield temperature. The fusible
alloy will prevent the disk from rupture if it
remains in place. The fusible metal prevents
premature rupture disk failure from momen-
tary overpressurization and also protects the
disk from external corrosion which could cause
premature failure of the rupture disk.

The face of these devices is marked with the
burst pressure rating of the disk and the yield
temperature of the fusible alloy.

Fig. 2  Type CG-2, 3 Pressure-Relief Device 

Fig. 4  Type CG-7 Pressure-Relief Device 

Fuse Metal

Gasket

Fig. 3  Type CG-4, 5 Pressure-Relief Device
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Cylinder Pressure-Relief 
Devices for Several Gases

Cylinder pressure-relief devices for several
common industrial gases are described below.
For information about relief devices on other
gas cylinders, consult your supplier.

Air, Argon, Helium, Nitrogen, Oxygen

These gases are nonflammable and stored in
cylinders as high-pressure gases. The pres-
sure-relief device used on these gas cylinders
is normally Type CG-1.

Carbon Dioxide, Nitrous Oxide

These products are nonflammable and are
stored in cylinders as liquefied compressed
gases. Cylinders are normally protected by
Type CG-1 pressure-relief devices. Small 
medical cylinders with post-type valves may
be protected by Type CG-1 rupture disks or by
Type CG-4 combination rupture disk/fusible
plug relief devices.

Hydrogen

Hydrogen is flammable and stored in cylinders
as a high-pressure gas. Cylinders under 
65” long must be equipped with rupture
disk/fusible alloy Type CG-4 or Type CG-5
devices. Cylinders greater than 65” in length
and 9 5/8” in diameter must be equipped with
Type CG-4, Type CG-5, or Type CG-1 rupture-
disk devices. Cylinders over 65” in length and
22” in diameter must use Type CG-1 rupture
disk devices.

Propane, APACHITM Gas

Propane and Air Products’ APACHI gas are
flammable. They are stored in cylinders as
liquefied compressed gases. Cylinders con-
taining these products are usually protected
by Type CG-7 spring-loaded, pressure-relief
valves. A Type CG-3 212°F fusible metal plug
may be used, but only when in combination
with the Type CG-7 pressure-relief valve.

Acetylene

Acetylene is a flammable gas stored 
in cylinders as a dissolved gas. The cylinders
are filled with a porous material saturated
with a solvent, usually acetone. The acetylene
dissolves into the solvent as it is placed into
the cylinder. These cylinders are protected by
Type CG-3 fusible metal plugs with a nominal
yield temperature of 212°F. The devices are
usually an integral part of the cylinder rather
than being installed in the cylinder valve.
Some small acetylene cylinders, Type B or MC
size cylinders, are equipped with fusible plugs
in the valve body.

Medical Gas Cylinders 
with Post-Type Valves

Post-type valves on small medical cylinders are
generally equipped with Type CG-4 rupture
disks with 165°F fusible metal backing. Carbon
dioxide and nitrous oxide cylinders may be
equipped with the CG-4 or the CG-1 devices.

Safety Considerations

Cylinder pressure-relief devices must be 
maintained in proper operating condition to
function correctly.

•NEVER tamper with pressure-relief devices 
in valves or cylinders.

•Only qualified gas supplier personnel should
service pressure-relief devices.

•Care should be taken when handling and
storing cylinders to prevent damage to the
pressure-relief devices.

•Do not obstruct any pressure-relief device.
Dirt, paint, corrosion, or other materials 
prevent pressure-relief devices from 
functioning properly.

• If any obstruction, deformation, or extrusion
of fusible metal is observed in a pressure-
relief device, notify the supplier. The cylinder
should be removed from service immediate-
ly and appropriate action arranged through
the supplier.

•Any problem with pressure-relief devices
should be immediately reported to your 
supplier.
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Responsible Care®

A Public Commitment

General

A standard industrial gas cylinder containing
330 cubic feet of gas at a pressure of 2640
psig can, after a cylinder valve is broken off,
become a rocket attaining a speed of several
miles per hour in a fraction of a second after
the gas begins venting from the broken cylin-
der connection.

Important Precautions

The following precautions should be taken to
prevent accidents with cylinders.

1. When storing cylinders, secure them to a
wall or vertical support by means of
restraining straps or chains.

2. When moving cylinders, use a cylinder
cart with a chain restraint in place. Do not
drag cylinders.

3. When transporting cylinders, use an open
vehicle and secure them.

4. Valve protection caps should be installed
on cylinders at all times when not in use.

5. Cylinders should never be dropped, rolled,
or carried in a horizontal position as the
cylinder valve may be broken off.

6. Cylinders should never be used as rollers
for moving equipment.

7. If a cylinder or cylinder valve is leaking,
call the Air Products 24-hour Emergency
Response number: +1 (800) 523-9374 in
the U.S., Canada, and Puerto Rico, or 
+1 (610) 481-7711 for other locations.

If the leak is in the user’s system, close the
cylinder valve, vent the pressure, and
purge with an inert gas before attempting
repairs.

8. Segregate cylinders in storage as to type 
of gas and whether empty or full, and
maintain a distance of 20 feet between
cylinders containing oxidizers and cylin-
ders containing flammables.

9. Smoking is prohibited in the vicinity of
cylinders containing flammable gases or
oxidizers.

10. NEVER stick anything into the cylinder
cap holes in an attempt to loosen the
cap. Use an adjustable strap wrench to
remove stuck caps. If the cap is still diffi-
cult to remove, attach a tag or label to the
cylinder identifying the problem and
return the cylinder to the supplier.

11. Wrenches should not be used on valves
equipped with a handwheel. If the valve is
difficult to operate or faulty, contact your
supplier to arrange return of the cylinder.

NOTE: Item 1 does not apply to cylinder
charging facilities.

The back of this document can be used as a
poster for your cylinder storage area.

Safetygram-14
Don’t Turn a Cylinder Into a Rocket

• Product Safety: +1 (800) 245-2746
• Emergency Response:

+1 (800) 523-9374 (Continental U.S.
and Puerto Rico)
+1 (610) 481-7711 (Other locations)

• Technical Information: +1 (800) 752-1597
(Continental U.S. and Puerto Rico)
+1 (610) 481-8565 (Other locations)

Further Information
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