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Flammable and combustible liquids contained in a cylinder designed per DOT regulations and relief 

devices designed per CGA regulations at low internal working pressures (<260 psi @77F) exhibit fire 

hazards at high temperatures that are no greater than currently accepted receptacles that contain 

flammable liquids or portable tanks. 

 

Science and test data have shown that under fire conditions flammable liquids in well designed cylinders 

under low pressure can be safely stored under the same code as Flammable liquids.   

 



A well designed cylinder is constructed and certified to Dept of Transportation (DOT) standards and has 

pressure relief devices installed to Compressed Gas Association (CGA) standards.   

 

Testing has shown that a cylinder constructed to DOT 39 and DOT4BW240 has walls and welded seams 

that can withstand an internal pressure increase until the relief devices open to lower the pressure.  By 

standards this is at a minimum of four times the working pressure.  This is would be two times the 

pressure under fire conditions.  This is a very adequate safety margin. 

 

Testing has shown that the two styles of relief devices (frangible disk and spring loaded valve) installed 

per CGA specification open at a minimum of four times the working pressure and two times pressure 

under actual fire conditions.  This is a very adequate safety margin. 

 

Testing has shown that the relief device orifice per CGA regulations are wide to allow internal  pressure 

to vent at a high enough rate in CFM (cubic feet per minute) to prevent any pressure increase past the 

designated relief pressure limit.  The cylinder seams will not burst because the relief device is 

adequately sized. 

 

Testing has shown that the volume of flammable vapor expelled through the relief device does not 

dislocate the cylinder.  Relief valve discharges do not dangerously “rocket” the cylinder as can happen 

with unchained high pressure cylinders (3,000 psi). 

 

Science has shown that the product formulations in the cylinder cannot autoignite or create a boiling 

liquid expanding vapor explosion (BLEVE). 

 

**MORE TESTING REPORTS WILL BE SUBMITTED AS A HARD COPY TO SUPPLEMENT THIS CHANGE AND 

ALL CHANGES LINKED TO THIS GLOBAL INPUT 
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 ABSTRACT 

 

In this experiment, the behavior of low pressure cylinders containing flammable liquids in 

extreme situations of heat and open flame was studied.  Three different sizes of low pressure 

cylinders – 5, 25, and 50 gallon – were put in direct contact with open flame to emulate the 

situation wherein the storage area for low pressure cylinders catches fire.  Through testing, it was 

determined that low pressure cylinders containing flammable liquids behave in a manner equal to 

or less hazardous in a fire than flammable liquids in currently approved containers.  The resulting 

data within NFPA 30 Global Public Input 50 and all linked Public Inputs, related to inclusion of 

low pressure cylinders in NFPA 30: Flammable and Combustible Liquids.  

 

 BACKGROUND AND PURPOSE 

 

Innovative new products frequently do not fit established regulatory templates, creating 

inconsistent warehousing or storage conditions – see FAQs in Appendix A. Current liquid based 

spray adhesives products (larger than aerosol) covered by this submission is unique and required 

testing under two NFPA test methods: (1) the design of the cylinder to DOT standards; and (2) 

the design of the pressure relief devices to CGA standards.  The resulting cylinder designs 

function in manner equal to or less hazardous in a fire than flammable liquids in currently 

approved containers. 

 

The purpose of the testing, report, and submission to NFPA is to support the inclusion of 

flammable liquid adhesives in low pressure cylinders into NFPA 30: Flammable and 

Combustible Liquids.  Video and photographic data is available to support this submission. 

 

 

 TEST MATERIALS, EQUIPMENT, AND PROCEDURE 

 

The basic setup for this experiment, as shown in Figure 1, included a low pressure cylinder that 

was heated through direct contact with an open flame provided by propane torches.  A pressure 

gauge was attached to the main valve opening of the low pressure cylinder.  This gauge reports 

pressure to the test operator, allowing testing to be shut down if internal pressure was to exceed 

the relief valve specifications.  Above the low pressure cylinder was another open flame 

provided by a propane torch.  This was used as a ‘flare’ or ‘pilot light’ to ignite any of the 

material that escapes through the relief valves. 

 

In addition to the basic setup, extra precautions were taken by building concrete retaining walls 

around three sides of the experiment and each low pressure cylinder tested was chained to the 

ground.  Cameras were set up to record video of the test from distance.  All testing was done 

outside. 



 

  
 FIGURE 1.  Simple diagram of flame test set-up. 

 

 

Three different sizes of cylinders, as described in Appendix B, were tested: 5 gallon, 25 gallon, 

and 50 gallon cylinders.  The 5 gallon cylinder has a “frangible disk” relief valve found on the 

cylinder wall itself.  When the frangible relief disk fails (breaks), a 0.12 in
2
 orifice should be 

opened providing an escape route for contents inside the cylinder.  The 5 gallon cylinder used in 

this test has manufacturer specifications claiming the relief valve will open between 360 and 520 

psig.  Both the 25 and 50 gallon cylinders have a spring loaded relief valve found on the back 

side of the main valve.  When the gauge pressure of the cylinder reaches a certain level, the 

spring should be stretched enough to open an orifice and let some of the pressure escape from the 

cylinder.  After a noticeable amount of gas has been released, the pressure inside the cylinder 

will decrease, causing the spring close the orifice.  Both cylinders used in this test have 

manufacturer specifications claiming the relief valves will open between 360 and 480 psig. 

 

All cylinders were heated by the propane torches until either a relief valve opened or the internal 

pressure exceeded relief valve specifications.  For the 5 gallon containing a frangible disk relief 

valve, propane torches used for heating were extinguished following rupture of the frangible 

disk.  The test was continued with a 10 minute observation and cool down period.  Water was 

used to speed the cooling of the cylinder following the 10 minute observation.  For the low 

pressure cylinders containing a spring relief valve, propane torches used for heating were 



extinguished following the second opening of the relief valve.  The test was continued until the 

pressure relief valve would not re-open, followed by a 10 minute observation and cool down 

period.  Water was used to speed the cooling of the cylinder following the 10 minute 

observation. 

 

 RESULTS 

 

 5 GALLON CYLINDER 

 

Pressure was recorded once every second during the test.  Figure 2 shows the change in pressure 

over time for the testing of the 5 gallon cylinder. 

 

 
 FIGURE 2.  Internal Pressure (psig) vs Time Elapsed (sec) during the testing of the 5 gallon cylinder. 

 

The maximum pressure reached during the testing was 360.1 psig, 193 seconds into the test.  At 

this point, the frangible disk broke and a rush of gas escaped from the cylinder immediately, 

dropping the pressure to 181.7 psi, at 200 seconds.  From then on, pressure gradually decreased 

as the liquefied propellant (dimethyl ether in this case) vaporized and escaped through the orifice 

under the frangible disk.  Vapors that escaped from the relief valve caught on fire from the flare 

above. 

 

 25 GALLON CYLINDER 

 

Pressure was recorded once every second during the test.  Figure 3 shows the change in pressure 

over time for the testing of the 25 gallon cylinder. 
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 FIGURE 3. Internal Pressure (psig) vs. Time Elapsed (sec) during the testing of the 25 gallon cylinder. 

 

The maximum pressure reached during testing was 410.0 psig, 283 seconds into the test.  This 

was the first time the pressure relief valve opened.  Propane torches were left on while gas 

escaped from the cylinder.  Within two seconds of the relief valve opening, the spring loaded 

valve closed at a pressure of 352.2 psi.  The cylinder continued heating and pressure increased 

again until the relief valve opened the second time at 397.7 psig, 302 seconds into the test.  

Following the second relief valve closure, propane torches were extinguished.  Due to 

thermodynamic interia, the spring relief valve opened two more times to relieve pressure.  Figure 

4 shows, in more detail, change in pressure over time during with the spring relief valve opened 

and closed.  Vapors that escaped from the relief valve caught on fire from the flare above. 
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 FIGURE 4.  Internal Pressure (psig) vs. Time Elapsed (sec) during the testing of the 25 gallon cylinder. 

 

 50 GALLON CYLINDER 

 

Pressure was recorded once every second during the test.  Figure 5 shows the change in pressure 

over time for the testing of the 50 gallon cylinder. 

 
 FIGURE 5. Internal Pressure (psig) vs. Time Elapsed (sec) during the testing of the 50 gallon cylinder. 

 

The maximum pressure reaching during testing was 446.3 psig, 361 seconds into the test.  This 

was the first time the pressure relief valve opened.  Propane torches were left on while gas 

escaped from the cylinder.  Within two seconds of the relief valve opening, the spring loaded 

250.0 

270.0 

290.0 

310.0 

330.0 

350.0 

370.0 

390.0 

410.0 

430.0 

250 300 350 400 450 

Spring relief valve opens 

Spring relief valve opens 

Heat off 

0 

50 

100 

150 

200 

250 

300 

350 

400 

450 

500 

0 500 1000 1500 2000 

Pmax = 446.3 psig 

Cool down with water begins  



valve closed at a pressure of 387.9 psi.  The cylinder continued heating and pressure increased 

again until the relief valve opened the second time at 441.8 psig, 398 seconds into the test.  

Following the second relief valve closure, propane torches were extinguished.  Despite this, the 

spring relief valve opened two more times to relieve pressure.  Figure 6 shows, in more detail, 

change in pressure over time during with the spring relief valve opened and closed.  Vapors that 

escaped from the relief valve caught on fire from the flare above. 

 

 

 
 FIGURE 6. Internal Pressure (psig) vs. Time Elapsed (sec) during the testing of the 50 gallon cylinder. 

 

 DISCUSSION AND CONCLUSIONS 

 

The pressure of the escaping vapor was determined to be low enough that the safety chains used 

are not needed.   

 

Safety of the relief valves is confirmed; the data presented shows that relief devices specified by 

CGA open at 50% of the burst strength (see Appendix B) of the cylinders, allowing a very large 

safety margin. 

 

Testing shows that the DOT cylinder construction is more than adequate in design to withstand 

fire situations listed under NFPA 30: Flammable and Combustible Liquids. 
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 APPENDIX A: FAQs 

 

1.  Q:  Why do existing regulations not clearly apply to cylinder spray adhesives? 

A: Cylinder spray adhesives consist of a spray gun connected by a flexible rubber hose to a 

metal tank that is filled with dissolved resin in a solvent, under gas pressure. This innovative 

product does not exactly fit into current UN and DOT transportation regulations or current 

NFPA warehouse and storage fire codes, causing confusion and questions as fire marshals, 

inspectors and insurance agents evaluate the underlying science.  Understanding the product 

and revising current regulations is key to establishing safe and consistent storage conditions.     

2.  Q:  Are all cylinder spray adhesives Flammable? 

A: No, flammability varies according to the product ingredients.  Our products that contain 

both flammable and non-flammable solvents and propellants:  

 Table 1. Description of various types of adhesives 

 Adhesive Solvent Propellant 

1 Non Flammable Flammable Flammable 

2 Non Flammable Non Flammable Flammable 

3 Non Flammable Flammable Non Flammable 

4 Non Flammable Non Flammable Non Flammable 

 

3.  Q: The final product is a solid glue, why not store it as a solid? 

A: This product, as stored, does not fit the definition of a solid. The solvents and propellant 

have dissolved the solid raw materials into a liquid mixture, so it can be sprayed. The 20-

30% non flammable solid adhesive remains only after the carrier solvents and propellants 

have dissipated.  The viscous mixture does lower the flammability characteristics of the pure 

solvent and the propellant gases. 

4.  Q:  Could this product be covered under the Aerosol codes per NFPA 30B? 

A:  This product has been described as a cost effective alternative to the aerosol spray can for 

the high volume user. This product does not exactly fit the definition of an aerosol container 

as the size is too large. 

“NFPA 30B 3.3.2 Aerosol Container: A metal can or plastic container, up to a maximum 

size of 1000 ml (33.8 fl oz).” 

5.  Q: Could this product be covered as a Gas, as the cylinders resemble my backyard BBQ 

liquid propane tanks? 

A: The tanks we use are very similar because the US Department of Transportation (DOT) 

regulates the construction, shipment, inspection and storage during transport of pressurized 

metal cylinders.  All of our non-refillable cylinders are certified to DOT 39 construction 

requirements per 49 CFR 173. This includes the materials and burst strength of the cylinder 



wall, the main valve and the pressure relief disks and valves. Our cylinders are shipped and 

stored during transport as a GAS under current DOT regulations as this is the most 

expeditious. 

6.  Q:  If it is shipped as a Flammable Liquified Gas, why not store it as a gas under NFPA 

55? 

A:  We believe that DOT shipping regulations and NFPA storage codes for Gas cylinders are too 

restrictive and inappropriate for this product line. This product does not exactly fit the 

definition of a Liquefied Gas. The gas propellant is usually in the formula at less than 15% 

by weight. Gas is present in the small “headspace” above the liquid resin. 85% of the 

container is the non-volatile solid adhesive dissolved in a flammable liquid solvent. The 

small amount of gas propellant is at a low pressure of about 200 psi as it does not take much 

pressure to force the liquid out of the container. Some of the gas has mixed with the liquid, 

much like a carbonated soda can.   

7.  Q:  If DOT shipping regulations are inappropriate for this product line is DOT 

considering amendments to those regulations? 

A: Europe has already rewritten its regulations to contain new United Nation (UN) shipping 

codes which very closely fit our product line (UN3501).  We hope that DOT will accept the 

UN codes and rewrite applicable DOT regulations in the near future. The UN3501 shipping 

codes are already included in the 2012 Emergency response guidebook. 

8.  Q:  Is this product a flammable liquid? 

A: This product does not exactly fit the definition of a liquid but it is close as 85% of the 

container volume is liquid. The remaining 15% headspace allows the propellants to come to 

equilibrium with the solution.  The headspace allows for a safety margin in the event of a fire 

which can cause the internal pressure to increase.  

“NFPA 30 4.3.1 Flammable liquids,  (1) Class IA Liquid —Any liquid that has a flash point 

below 73°F (22.8°C) and a boiling point below 100°F (37.8°C)” 

9.  Q:  Could this product be covered under the NFPA 30 Flammable Liquid regulations? 

A:  Yes, we believe our product is a stable Class 1A flammable liquid under low pressure and 

this might be the current best fit.  There is precedent. Aerosol spray cans were stored as 

Flammable liquids under this code before NFPA 30B was created in 1990. 

“Prior to 1990 the storage of flammable aerosols were set forth in NFPA 30, Flammable and 

Combustible Liquids Code, where they were treated as Class IA flammable liquids. NFPA 30 

2011 pp4” 

10. Q:  Is this product a viscous flammable liquid? 



A. The primary product is a viscous liquid with a viscosity over 100 cps. A viscous mixture does 

lower the flammability characteristics of the pure solvents as acknowledged in NFPA 30 

16.2.5. 

11. Q:  Does NFPA 30 allow the storage of US-DOT approved Metal containers?  

A:  Yes, storage of US-DOT approved Metal containers is allowed,   

“NFPA-30 Chapter 9.4.1Only the following approved containers, intermediate bulk 

containers, and portable tanks shall be used for Class I, Class II, and Class IIIA liquids: 

(1) Metal containers, metal intermediate bulk containers, and metal portable tanks meeting 

the requirements of and containing products authorized by the U.S. Department of 

Transportation Hazardous Materials Regulations in Title 49, Code of Federal Regulations, 

Parts 100–199, or by Part 6 of the UN Recommendations on the Transport of Dangerous 

Goods” 

12. Q:  Does NFPA 30 or DOT consider this product a Portable tank? 

A:  We do not believe our cylinders fit the definition of a Portable Tank because our product has 

a capacity less than 1,000 lbs and less than 60 gallons.   

“NFPA-30 Chapter 9 Definitions, Cylinder means a pressure vessel designed for pressures 

higher than 40 psia and having a circular cross section. It does not include a portable tank,” 

“NFPA 30 3.3.47.5 Portable Tank. Any vessel having a liquid capacity over 60 gal (230 L) 

intended for storing liquids and not intended for fixed installation.” 

“DOT-49CFR171.8 Portable tank means a bulk packaging (except a cylinder having a water 

capacity of 1,000 pounds or less)” 

 

13. Q:  Would this product qualify as Bulk Packaging under NFPA 30? 

A:  We do not believe our cylinders fit the definition of Bulk Packaging as tanks are too small. 

“Table 9.4.3 Maximum Allowable Size: bulk packaging has a maximum capacity greater 

than 450 L (119 gallons) as a receptacle for a liquid.  “Non-bulk packaging means a 

packaging which has: (1) A maximum capacity of 450 L (119 gallons) or less as a 

receptacle for a liquid.” 

  



 APPENDIX B: Cylinder Specifications  

Table 2.  Cylinder Specifications 

Cylinder Characteristic 5 Gallon 25 Gallon 50 Gallon 

Capacity (lbs H2O) 48.77 238 476 

Volume (cf) 0.78125 3.81 7.63 

    Working Pressure (psig) 200 200 200 

Burst Pressure (psig) 650 960 960 

    Relief Type Frangible Disk Spring Relief Spring Relief 

Relief Pressure (psig) 360-520 360-480 360-480 

Relief Area (orifice) 0.120" +/- 0.005" n/a n/a 

Relief Capacity (CFM Air) n/a 240 240 

    CGA Relief Requirement (CFM Air) 80.32 362.63 725.27 

Estimated or Known CGA Relief Capacity 67.913 240 240 

 


