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Letter from the President:
Hello Colleagues,
Happy New Year! We’re off and running in 2021, utilizing our diverse team of
technical experts to support important environmentally friendly initiatives for our
global customers.

In addition to our traditional process safety services and further development of our
new FERST software, our team is actively working on projects that support the safe
design and manufacture of energy storage and transport systems, developing
models to facilitate the cleanup of challenging waste water streams, and expanding
upon our aerosol modeling capabilities to address industrial hygiene concerns
associated with the dispersion of toxic particulate matter.
While we remain optimistic that we’ll be able to see you at trade shows, in-person
trainings, or site visits at some point this year, we’ve embraced a mobile workforce
model and developed innovative approaches so we can continue to make top-notch
process safety services available to you. We wish you and your team the best this
year and look forward to hearing from you soon!

- Zachary Hachmeister.

Safety in a Green Hydrogen Economy
By TJ Frawley, Project Manager, Flammability Testing & Consulting Services, Fauske & Associates LLC, Patrick
Wojcik, Manager, Flammability Testing and Consulting Services, Fauske & Associates, LLC and Jim Burelbach, PhD,
Chief Commercial Officer, Fauske & Associates, LLC

For decades the thought of using hydrogen as a sustainable and cost-effective fuel source has been a
hair’s breadth out of reach. But recently, Air Products & Chemicals, a US industrial gas company has
revealed that it has begun building a “green” hydrogen plant in Saudi Arabia to supply power to a
futuristic city Neom that only the retro cartoon family “Jetsons” would recognize as home.
But what is green hydrogen and why is the concept growing in popularity?
Green hydrogen is generated by passing electricity through a hydrogen-bearing compound, most
commonly water. When exposed to the electric current, the bonds that hold the water molecule together
are broken, creating two molecules of hydrogen (H2) and one molecule of oxygen (O2) for each two
molecules of water (H2O). This process is known as electrolysis. What makes this process “green” is that
the required electricity can be generated from renewables or other zero-carbon resources such as wind,

solar, or nuclear energy, and hydrogen combustion does not create any carbon decomposition products
like CO2. Additionally, hydrogen is an energy source that can be stored for future use.
The environmental impact of using green hydrogen is anticipated to be tremendously positive, and green
hydrogen can be made affordable by scaling up the electrolysis process described above. The Nuclear
Energy Institute (NEI) has identified nuclear energy as potentially the cheapest carbon-free source for
hydrogen fuel if used on a large scale.
However, as a process's scale increases, so too do the safety risks. Hydrogen is extremely flammable
and under certain conditions could detonate. Fauske and Associates LLC (FAI) are proven experts in
eliminating or mitigating process scale-up and energy storage risks, especially when hydrogen is present.
FAI has decades of related engineering analysis and testing experience in the chemical and nuclear
industries.
Below is a diagram that defines the flammable concentrations of hydrogen in air, including data taken in
the FAI lab. The concentration that produces the greatest overpressure from deflagration in air is
identified.

Figure 1 Flammability diagram for hydrogen in air at 1 atm, data taken in the FAI lab

The flammability limits (LFL and UFL) testing was performed using ASTM E918, Standard Practice for
Determining Limits of Flammability of Chemicals at Elevated Temperature and Pressure. The testing to
determine the lowest flammable oxygen concentration (LOC) to propagate an ignition was done using
ASTM E2079, Standard Test Methods for Limiting Oxygen (Oxidant) Concentration in Gases and Vapors.
All testing was conducted in air at ambient conditions.
From a safety perspective, preventing a hydrogen ignition is optimal. The ideal option would be to
operate outside the flammable region. The flammable region is defined by the lower flammable limit, the
upper flammable limit, and the lowest oxygen concentration along the air line. The data points from these
tests are then used to expand the flammable region to encompass oxygen-rich environments, which may
occur when producing green hydrogen. The flammable region is depicted within the inner red triangle in
the graph above.
As seen in Figure 1, hydrogen’s flammable region engulfs much of the diagram and leaves little practical
room to operate outside of this region. It is often not feasible or economical to operate outside the
flammable region. It is very likely at some point during processing, storage, or transportation that the
hydrogen concentration is going to enter the flammable region. Additionally, a leak or malfunction in the
system could inadvertently push the hydrogen concentration into the flammable region.
If these risks cannot be eliminated by a change to the process design, then those risks should be
mitigated through appropriate relief systems and vent sizing. For mitigation, one must first determine the
maximum pressure (PMAX), the deflagration index (Kg), and the burning velocity of the worst-case
combustion event. The illustration below shows FAI results for PMAX as a function of hydrogen
concentration.

Figure 2 Maximum pressure as a function of hydrogen concentration

The explosion severity testing and calculations were performed using EN 15697, Determination of
maximum explosion pressure and the maximum rate of pressure rise of gases and vapors. The
explosions were measured at a sampling rate of 10,000 data points per second.
The green hydrogen plant that is scheduled to be built in Saudi Arabia is estimated to be powered by 4
gigawatts of electric power generated from renewable wind and solar resources. While renewable energy
sources have the capability to power green hydrogen production facilities, they are known to have

periods of decreased output such as when the sun is not shining, and the wind is not blowing. A robust
infrastructure for coping with variable capacity generating resources is emerging around the world with
significant progress for industrial-scale energy storage in batteries. In the US, those battery energy
storage systems (BESS) must be subject to a series of thermal and flammability tests outlined in an
Underwriters Laboratories’ standard called UL9540A Edition 4. FAI has the capability to perform a wide
range of the tests listed in that standard. FAI offers a wide range of testing services, from custom
“bespoke” testing to standardized flammability tests which are ISO 17025 accredited. Similar flammability
diagrams can of course be readily developed to address mixtures of hydrogen and methane which may
be of interest to those tasked with hydrogen transport through existing natural gas pipelines (for which
FAI also has experience in probabilistic risk assessment).
As our Earth turns towards cleaner and more efficient methods of energy generation to provide for an
ever-increasing demand, energy producers turn towards Fauske and Associates LLC to ensure the safety
of those working to change the world. Please contact us for assistance in making the world a safer place.

Contact Us

Spray Booth Fire Safety using NFPA 33

By Casey M. Allen, Ph.D., Associate Professor, Marquette University, casey.allen@marquette.edu
Ronald L. Allen, MS, PE, CSP, Senior Consulting Engineer, Fauske & Associates, LLC, allen@fauske.com

Powder painting has been a favored painting method by manufacturers for many years due to low costs,
high durability, and high efficiency (i.e., limited wasted product). Yet, in spite of the widespread utilization
of the method and the expectation for continued growth in the powder paint market (North America
market expected to grow by 6.8% annually through 2025), many operators are only loosely aware of the
combustibility hazards posed in the handling and application of powder paints.

This article summarizes common hazards associated with the powder paint process, operational
safeguards which can be implemented to mitigate risk, and common pitfalls that may lead manufacturers
to unknowingly enhance the risk of a combustible dust deflagration or fire in their facility.

Hazards of Powder Painting
Powder paints are small diameter powders with low minimum ignition energies (MIEs) -- generally in the
range of 3 to 20 mJ (Eckhoff et al., 1988). At these levels, powder paints are susceptible to ignition
through static discharges that occur during pouring of material or even through personnel that become
charged during normal work operations. Once ignited, airborne dust clouds can do substantial damage,
especially when the deflagration propagates to adjacent areas or pieces of equipment.
To safeguard against igniting a powder paint cloud in the booth, airborne concentrations should be
maintained well below the minimum explosible concentration (MEC) of the material. NFPA 33 advises not
exceeding 50% of the MEC to provide a margin of safety, although manufacturers should be advised that
even at these bulk concentrations, local regions within the booth may approach or exceed the MEC. For
an accurate understanding of the hazards, it’s best to test the MEC and other explosibility characteristics
of the powder paints being used. Explosibility data is occasionally available from the paint manufacturer,
however, it may not be representative of the actual hazards where fine particles accumulate such as in
central vacuum systems or dust collectors.
The practice of controlling airborne concentrations to provide the “50% of MEC” safety margin can be
very challenging because operators’ primary focus is to ensure good part coverage and no real-time
feedback is available regarding paint concentrations in the booth. When coupled with a lack of
understanding of the hazard, this focus on product quality can easily lead to hazardous airborne dust
concentrations. Powder paint operators can be especially vulnerable to this hazard because they often
work in the booths, and they may not be protected by flame resistant clothing.

Where to Find the Rules
Standards published by the National Fire Protection Association (NFPA) provide the requirements for
identifying and managing combustible dust fire and explosion hazards. Manufacturers that use powder
painting operations should consult the requirements published in the following standards:
NFPA 652: Standard on the Fundamentals of Combustible Dust
NFPA 654: Standard for the Prevention of Fire and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible Particulate Solids
NFPA 33: Standard for Spray Application Using Flammable or Combustible Materials
These standards prescribe acceptable practices for managing the risk of a combustible dust incident, and
additionally define the requirement for completing a Dust Hazards Analysis (DHA). Per NFPA 652: “[The
DHA] is a systematic review [by a qualified person] to identify and evaluate the potential fire, flash fire, or
explosion hazards associated with the presence of one or more combustible particulate solids in a
process of facility”. The NFPA established a September 7, 2020 deadline for completing the DHA, thus
facilities that have not completed a DHA are not compliant with NFPA requirements.

Bonding and Grounding Considerations
The prevention of credible ignition sources in the paint booth is an important safeguard against a
combustible dust incident. One of the most common ignition sources for powder paint is electrostatic
sparks. To this end, effective bonding and grounding practices are critical, especially because of the low
MIE of powder paints.
These practices are not only important from an “ignition-proofing” perspective, but also from a quality
control perspective. Parts that are being powder coated are generally grounded through a conveyor
system to provide better coverage and adhesion from positively-charged powder paint. However, the
bonding and grounding requirements to reduce ignition risks are more stringent than the requirements for
promoting effective paint adhesion. This disparity may lead to paint booth operators growing insensitive
to the hazards if acceptable part quality is provided without a history of loss at a facility.
Effective grounding is defined by NFPA as a resistance to ground of less than 1 megohm. This
requirement applies to all conductive parts and surfaces of a paint booth, including the floor, operator
platforms, powder hoppers, and even personnel. Furthermore, resistance between adjacent conductive
components is limited to 10 ohms.

Ensuring the grounding of personnel is critical, given the low MIE of powder paints, and preferred
methods include dedicated grounding straps worn by operators or grounding through the spray gun
provided by skin-to-gun contact. Operators may be tempted to wear gloves to protect themselves from
paint exposure, but this can lead to a loss of electrical ground and unsafe conditions unless the gloves
are conductive and approved for use.
A less effective approach for grounding personnel includes the use of electrostatic dissipative (ESD)
footwear. The use of ESD footwear is discouraged in the paint booth because even though the floor is
required to meet the NFPA grounding requirement of a sub-1-megohm resistance to ground, powder
paint accumulates on the floor continuously during spraying and may render the ESD footwear
ineffective.
One other important grounding consideration is maintaining an effective bond between parts being
painted and the paint conveyor. Conveyors commonly use custom jig and hook sets for hanging parts of
different geometries on the conveyor. Just as with the part being painted, the hooks accumulate powder
paint which is hardened on the hooks while passing through the curing oven. The hooks must be
frequently cleaned to ensure that paint accumulation doesn’t interfere with grounding of the parts. While
“bake-off” ovens are generally effective for this cleaning, their effectiveness should be frequently
inspected to reduce the risk of a hazardous condition in the booths.

Tips for Reducing the Hazards of Powder Coating
Given the considerations listed in this article, the following safeguards should be considered by
manufacturers:
1. Train Personnel on the Hazards of Powder Paints: A good combustible dust management
program includes robust training for personnel that are exposed to the hazards of combustible
dust. The training program must ensure that personnel operating in and around the paint booth
understand the risks of igniting combustible dust and the contrast between grounding for product
quality versus grounding for the removal of ignition sources. Personnel that maintain the booths,
central vacuum equipment, and dust collectors should also be trained.
2. Test Your Dust and Make a Plan: The explosibility of powder paints varies by particle size and
resin type. Additionally, changes in the powder particle size distribution during paint application
and collection may render manufacturer explosibility data invalid. Paint booth operators should
take steps to obtain explosibility data for powders sampled from their processes to ensure validity
of the data. The most important metrics to understand include ignition sensitivity measures (MIE,
MEC) and explosion severity measures (KSt, Pmax). In the absence of test data, NFPA 33 does
allow manufacturers to assume a MEC value of 30 g/m3. Once these data points are in-hand,
paint booth operators should implement controls to avoid creating hazardous conditions.
3. Verify Effective Bonding and Grounding: The susceptibility of powder paints to ignition makes it
essential that effective bonding and grounding are in place at all times. The resistance to ground
for conductive components of a paint booth should be routinely measured to ensure compliance
with NFPA. Policies that ensure personnel are grounded are also important, and must be
enforced at all times. Due to its importance in grounding of parts being painted, manufacturers
may also consider the installation of a ground monitoring system for the conveyor.
4. Develop and Enforce a Housekeeping Program: Good housekeeping goes a long way toward
reducing the risk of a combustible dust incident because it removes the powder fuel source
needed for a deflagration. Paint booth operators should define a schedule of cleaning that
prevents hazardous accumulations from developing in and around the booth. This requires
discipline and a special caution toward the risks because hazardous accumulations may develop
quickly, and operators may be tempted to overlook accumulations due to fatigue. The
housekeeping scope should include sprinkler and fire detection systems which may not operate
as designed when covered by excessive powder. Cleaning methods should comply with NFPA
requirements.

Summary
This article summarizes some of the elements that powder paint booth operators must consider in order
to reduce the hazards of experiencing a dust flash fire or deflagration. Adherence to the NFPA standards
will substantially reduce the risk, and partnering with the FAI ISO 17025 laboratory and combustible dust
experts can ensure that the NFPA requirements are properly applied.
FAI would be happy to support you with testing and consulting expertise in this application along with any
other operations where combustible dust, reactive chemicals and flammable vapors are present. Please
let us know how we can help you minimize risk at your facility and contact us at dha@fauske.com.

Contact Us
Reference
Rolf K. Eckhoff, Geir H. Pedersen, and Tommy Arvidsson,
Ignitability and explosibility of polyester/epoxy resins for electrostatic powder coating,
Journal of Hazardous Materials, Volume 19, Issue 1, 1988

FATE Facility Modeling of Airborne Virus Transmission
Check our recent blog to learn how FAI's FATE software is used to model how an airborne virus aerosol
moves through a building and how this information can be used to minimize the risk of infection.

Read The Fauske Blog

Read The Journal Article

Arc Flash
By Venky Viswanathan, Principal Electrical Engineer, Fauske & Associates, LLC

Electrical accidents occur all too often and in many industries. One very serious type of accident
is called Arc Flash.

What is Arc Flash?
Arc Flash is the unintended flow of electric current through air from one conductor to another or from one
conductor to ground. Arc flash releases extremely high amounts of energy in the form of intense heat
(above 35,000oF), light and sound (around 140 dB or more), creating arc blast wave (pressure upwards
of 2,000 lbs/sq.ft), involving flying objects (molten metal and projectiles from the electrical equipment),
fumes ( vaporized metal) and fire.
Arc Flash hazard is defined as a source of possible injury or damage to health associated with the
release of energy caused by an electric arc. [NFPA 70E Art 100]
Injury caused by an arc flash is a function of the proximity of the workers to the source of hazard, the fault
current and the duration of time for which the arc persists.

Example of an Arc Flash Incident
Two technicians were troubleshooting a 480V breaker that would not close. The breaker was located in a
cabinet that was energized. The cause of the problem was determined to be misalignment and tool used
to evaluate the misalignment was dropped by accident and it was lodged between a live phase moving
contact and the breaker support brace resulting in an arc flash.
The arc flash damaged the breaker cabinet, and splattered material in the surrounding area. The
technician in close proximity to the cabinet was injured and the second worker was not harmed as he was
outside the arc flash boundary.
Photograph of an arc flash explosion (unrelated to the incident described above).

This Photo by Unknown Author is licensed under CC BY-SA-NC

Arc Flash by the Numbers

Reference Standards
Arc flash studies are based on IEEE 1584 and NFPA 70E.
IEEE 1584 provides a mathematical model to determine the arc-flash hazard distance and the incident
energy to which workers could be exposed during their work on or near energized electrical equipment.
NFPA 70E establishes safety processes that use policies, procedures, and program controls to reduce
the risk associated with the use of electricity to an acceptable level. [NFPA 70E Fact Sheet]

What Causes Arc Flash
Typically arc flash incidents are caused by faulty installation, poorly maintained disconnect switches and
circuit breakers, presence of dust, debris and foreign objects, corrosion, insulation failure, loose
connections, condensation, carelessness such as dropping tools or tools left behind after
installation/maintenance.

How to Protect Against Arc Flash
Protection against arc flash can be achieved by one or more of the following methods:
Safety in Design
Power system / arc flash studies using industry standard software such as ETAP, SKM or
equivalent.
Design power distribution networks to reduce the available fault current.
Use of protective relays to reduce the duration for which the fault persists.
Use of arc resistant switchgears and motor control centers.
Incorporating remote rack-in /rack-out, closing/opening capabilities.
Personal Protective Equipment (PPE)
Personal Protective Equipment (PPE) shall be selected in accordance with Article 130,
Table 130.7(C)(15)(c) of NFPA 70E.
Arc Flash PPE requirements are summarized as noted below:

Work Practices
Pre-Job Briefing
A discussion between the crew, supervisor, and other stakeholders such as Safety
personnel, operators etc., before starting a particular task. In general, the briefing
covers the scope of work, execution plan, safety requirements such as PPE,
energy isolation points etc. The intent is to make the crew and supervisors aware
of the scope of work, the risks, safety requirements required to execute a task in a
safe manner.
Job Hazard Analysis
A job hazard analysis is a technique that focuses on job tasks as a way to identify
hazards before they occur. It focuses on the relationship between the worker, the
task, the tools, and the work environment. Ideally, after you identify uncontrolled
hazards, you will take steps to eliminate or reduce them to an acceptable risk level
[ OSHA 3071 Job Hazard Analysis].
Other Practices
Other practices such as Lock Out Tag Out (LOTO), de-energizing the appropriate
buses are typically followed.

Labeling and Identification
All electrical equipment such as panel boards, switchboards, switchgears, motor control centers,
control panels, disconnect switches and transformers rated 50V and above shall be evaluated for
arc flash and appropriately labeled.
Arc flash calculations performed using software tools such as ETAP®, SKM or similar.
The arc flash labels shall be permanently affixed on the equipment and shall have the following
data points as a minimum to comply with OSHA and NFPA requirements.
Danger or Warning header
Danger in red background for voltages 600V and above
Warning in orange background for voltages below 600V.
Incident Energy
The amount of thermal energy impressed on a surface, a certain distance from the
source, generated during an electrical arc event, typically expressed in cal/cm2.
[NFPA 70E, Art 100]
Min. Arc Rating
The value attributed to materials that describes their performance to exposure to
an electrical arc discharge. The article of clothing or other PPE should be rated for
the Arc Rating for the particular equipment.
Arc Flash Boundary
When an arc flash exists, an approach limit from an arc source at which incident
energy equals 1.2 cal/cm2 (5J/cm2). A second degree burn on unprotected skin is
likely to occur at an exposure of 1.2 cal/cm2 (5J/cm2). [NFPA 70E Art 100]
Personal Protective Equipment (PPE)
Refer to section 6(b)
Limited Approach and Restricted Approach
Limited Approach- An approach limit at a distance from an exposed energized
electrical conductor or a circuit part within which a shock hazard exists. [NFPA
70E, Art 100]
Restricted Approach-An approach limit at a distance from an exposed energized
electrical conductor or circuit part within which there is an increased likelihood of
electric shock due to electrical arc-over combined with inadvertent movement
[NFPA 70E, Art 100]
Shock Risk or Hazard
A source of possible injury or damage to health associated with current through
the body caused by contact or approach to exposed energized electrical
conductors or circuits. Represented by system voltage of the equipment.

Best Practices
Ensure that power system studies are performed by qualified personnel and the same is reviewed
and updated when changes such as addition and deletion of loads are made to the power
distribution system.
Perform periodic audits to ensure that arc flash labels affixed on equipment are current, and
readable.
Follow good maintenance practices
Pre-job briefings and Job hazard analysis
Follow a rigorous lock out tag out policy

Conclusion
As explained, arc flash is a dangerous phenomenon which can cause significant damage to people and
property. The same can be mitigated by performing system studies and adopting safe work practices.
Fauske and associates have the expertise, experience, and capabilities necessary to perform power
system studies and audits as applicable to arc flash. Please contact Venky Viswanathan, Principal
Electrical Engineer at venky.viswanathan@westinghouse.com, for further details.

Contact Us

Reference
NFPA 70E
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IEEE Guide for Performing Arc-Flash Hazard Calculations
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Arc Flash Videos
EPRI Distribution Research Arc Flash
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VSP2 Sample Addition Options
By Elizabeth J. Raines, Chemical Engineer, Fauske & Associates, LLC
and Aaron Ruiz, Thermal Hazards Technician, Fauske & Associates LLC
This guide provides methods and recommendations for charging samples into the VSP2 adiabatic calorimeter. Additional
information can be found in the VSP2: User’s Manual & Test Methods.

The Vent Sizing Package 2 (VSP2TM) is the original bench-scale low thermal inertia adiabatic
calorimeter. It was originally developed in the 1980’s as part of the AIChE DIERS program (Design
Institute for Emergency Relief Systems) as a necessary tool to identify and quantify process safety
hazards so they can be prevented or accommodated by process design. The directly scalable data from
the VSP2 provide adiabatic reaction rates (dT/dt and dP/dt) that are used to design emergency pressure
relief systems and are also useful for determining the adiabatic heat of reaction and other kinetics and
process safety parameters. The VSP2 continues to be widely used, in part due to if’s versatility in
experiment design.

Introduction
The VSP2 is a flexible instrument that can accommodate a wide variety of sample types. The optimal
addition technique is dependent on a variety of factors. Here are some things to consider when designing
a VSP2 experimental procedure:
Test Design Considerations:
What is the phase of the sample?
Solids – Can the material be heated to melting? Can the solid dissolve into another
component? How free flowing is the material?
Liquids – How viscous is the material? Is the sample a compressed liquid?
Gases – How can you verify the quantity of material added?
What is the simulated upset scenario?
Is there a certain material that will initiate a reaction?
Do the samples need to be at elevated temperatures for the specific upset scenario?
Can all of the materials be added directly to the test cell without missing potential
reactivity?
Do the injections need to be made against pressure, or is the addition expected to
generate temperature or pressure rapidly?
What is the quantity of material to add?
When considering order of addition, will the sample volume be large enough to contact the
thermocouple for accurate temperature reading? Can an additional thermocouple be
added for better contact?
Are there any compatibility issues with the planned addition mechanism?
Does the addition apparatus need to be passivated?
Will the sample exert pressure or temperature to the addition tool (i.e. can the tool handle
it)?
What is the toxicity, flammability, and reactivity of the sample?
Does the sample react with oxygen or moisture in the air?
Are there any special flammability concerns and what can the material be in contact with?
Is the material particularly toxic, requiring an extra layer of engineering controls?
The crucial part of collecting useful VSP2 data is appropriately designing the test. We recommend that
you consider the points above to help you decide the optimal addition technique. This article will go over
some standard options available for adding materials to a VSP2 test cell.

1. Syringe
If the sample is a liquid or a solution, using a standard laboratory syringe is a simple and ideal way of
charging the sample into the VSP2. The BD Luer-LokTM syringe is attached to a specially made Luer
Lock to 1/8” Elbow Fitting provided with the VSP2. The fitting can be attached to the auxiliary fill line (a
combination of Swagelok 1/8” Ball Valve, a port connector, and a bulkhead fitting) that leads to the test
cell.

Figure 1. A 60mL syringe attached to a Luer-Lok fitting on the auxiliary line

Figure 2. The BD Luer-Lok Tip syringes come in several sizes all of which are compatible with the Luer-Lok fitting. Note: Glass
or metal syringes are also available with the Luer-Lok fitting

2. Piston
If the sample is too volatile to be loaded into the vessel using a plastic syringe, the containment vessel
starts at an elevated pressure, or the addition is expected to be instantaneous, a pressurized injection
with a stainless-steel piston would be recommended. The piston uses nitrogen as backpressure to
counteract the pressure already inside the vessel or pressure which may be quickly generated by the
reaction. Additional information about the pistons used at FAI can be found on our website, Guidelines for
Stainless Steel Piston Use.

Figure 3. FAI can provide pistons in any size requested

Figure 4. Like the syringe, the piston can also be attached to the auxiliary line

3. Metered Addition
If a slower and more precise addition rate is required, then the metering syringe is the perfect alternative.
At FAI, we use stainless steel metering syringes with a “Harvard Apparatus” pump to control the addition.

Figure 5. The metering syringe is attached to the metering device that is locked in and connected to the Harvard Apparatus
that will program a rate to inject the sample through the auxiliary fill line

Figure 6. Several sizes are available for the metering syringes

Figure 7. The Harvard Apparatus where the user can program the rate of injection

4. Gas Cylinders
If there is a non-condensable gas that needs to be charged into the test, then utilizing a sample cylinder
is often the optimal choice. The set up requires a stainless steel sample cylinder followed by an array of
fittings to secure the gas does not leak elsewhere. This methodology allows the user to quantify the
amount of gas added to the test cell.

Figure 8. A sample cylinder is attached to three ball valves, a check valve, and a metering valve before the containment vessel

5. Direct Sample Addition
When possible, adding samples directly to the test cell is often the easiest way to perform a VSP2
experiment. A syringe, pipet, or funnel can be used to help with the addition. FAI can provide custom
funnels. Two common access points for direct addition of a sample to the VSP2 test cell is a 1/4“vent line
or the use of an EZ Seal test cell.

Figure 9. A direct injection is possible to the test cell through the 1/4” vent line

Figure 10. A funnel to charge the solid sample through the 1/4” vent line

Figure 11. A customized test cell with a closure plug for larger samples. The plug can be soldered in place after the sample is

loaded.

Please contact us today for advice on your VSP2 test design, or to discuss testing options!

Contact Us
More information on adiabatic calorimetry is available at:
https://www.fauske.com/chemical-industrial/adiabatic-calorimetry-relief-system-design

Breaking Down the UN Model Regulations
System – Class 4 Division 4.1, Self-Reactive
Materials
UN Recommendations on the Transport of Dangerous Goods – Model Regulations Twenty-first Revised Edition. Copyright ©
United Nations, 2019
By Elizabeth J. Raines, Chemical Engineer, Fauske & Associates, LLC

Introduction
Hazardous materials are transported and stored every day all over the world for all types of industries.
Regulations and procedures are in place to ensure this is done safely and to minimize risk to the public.
As part of our process safety services, FAI routinely tests and analyzes such hazardous materials for our
customers to ensure that they are adhering to the best practices and procedures available. This article
summarizes the United Nations Economic Commission for Europe’s UN Model Regulations System
specific to Class 4 Division 4.1 materials: self-reactive substances. The basis for the UN Model
Regulations is to “ensure the safety of people, property, and the environment.” Additional information on
the classification system documented in the UN Recommendations on the Transport of Dangerous
Goods is available in our Fall 2020 edition of Process Safety News.

Class 4 Overview
In the “UN Recommendations on the Transport of Dangerous Goods,” Class 4 materials include
“Flammable Solids; Substances Liable to Spontaneous Combustion; Substances which, in Contact with
Water, Emit Flammable Gases.” These types of materials pose challenges when it comes to safe
shipping and storage, and it is crucial to properly identify them and then handle them accordingly. This
class of materials is divided into three sections:

Division 4.1 Flammable Solids
Flammable Solids
Self-Reactive Substances
Division 4.2 Substances liable to spontaneous combustion
Pyrophoric solids
Pyrophoric liquids
Self-heating substances
Division 4.3 Substances which in contact with water emit flammable gases

This article will focus on discussing the regulations and recommendations for the Self-Reactive subset of
materials from Division 4.1.

Definition of Self-Reactive Materials
A self-reactive substance (e.g. a liquid, solid, solution, or mixture) is a material that is thermally unstable
that can exhibit a strongly exothermic decomposition even without the presence of oxygen. These
energetic decomposition reactions can be initiated by heat, friction, impact, or due to catalytic interaction
with impurities. The key parameters that need to be met in order to consider a material 4.1 Self-Reactive
are:
1. The material does not meet the criteria to be considered a Class 1 Explosive
2. The material does not meet the criteria to be considered a Division 5.1 (oxidizing substance) nor a
Division 5.2 (organic peroxide) materials
3. The heat of decomposition is greater than or equal to 300 J/g
4. The self-accelerating decomposition temperature (SADT) for a 50 kg package is less than or
equal to 75°C
If any of these criteria do not apply, then the material should not be classified as a self-reactive
substance. Self‑reactive substances are classified into seven types based on the degree of danger. It is
crucial that the criteria above are met prior to undergoing the specific classification.

Tests and Criteria for Identifying Self-Reactive Materials
The process of identifying which of the seven types of self-reactive material a substance is requires a
significant amount of material and can be a great financial undertaking. It is therefore important to ensure
that a substance clearly meets the criteria specific to the definition of self-reactive material. The two
crucial identifiers of a self-reactive material that can easily be determined from a series of calorimetry
experiments is the heat of decomposition and the self-accelerating decomposition temperature (SADT).
Heat of Decomposition
The heat of decomposition of a material can easily be determined through the use of a simple closed
system Differential Scanning Calorimetry (DSC) experiment. The DSC is a heat flow calorimeter that
typically utilizes an imposed background heating rate in order to collect heat flow as a function of
temperature. Exothermic and endothermic reactions can be evaluated by integrating the collected signal
in order to determine the heat of reaction. This is a great technique because the required sample size is
small, and yields rapid results.

Self-Accelerating Decomposition Temperature (SADT)
The SADT is defined as the lowest ambient temperature at which a self-accelerating decomposition may
occur in a substance in the packaging used for transportation. The “UN Recommendations on the
Transport of Dangerous Goods: Manual of Tests and Criteria” provides some example test methods and
implies a few potential definitions of SADT that can be implemented. For example, the SADT, as defined
by the United States SADT test H.1, is the lowest ambient temperature at which the center of the material
within the package heats to a temperature 6°C greater than the environmental temperature after a lapse
of a seven days period or less. This period is measured from the time when the temperature in the center
of the packaging reaches 2°C below the ambient temperature.
The key for determining the SADT for any methodology is understanding the “combined effect of the
ambient temperature, decomposition kinetics, package size, and the heat transfer properties of the
substance and its packaging.” Oftentimes the parameter with the greatest amount of uncertainty is the
substance decomposition kinetics.
FAI has adopted an economical and efficient process for determining the SADT for a given substance
involving a series of small-scale calorimetric and/or gravimetric experiments and the use of Advanced
Kinetics and Technology Solution’s (AKTS) Thermokinetics Software - Thermal Safety Version. With a
selected SADT definition from “UN Recommendations on the Transport of Dangerous Goods: Manual of
Tests and Criteria,” estimations of the heat transfer properties of the substance and package, and
detailed analyses of the decomposition kinetics from AKTS, the SADT can be easily determined.

Classification of Self-Reactive Materials
Once it has been established that a material should be classified as a Division 4.1 Self-Reactive material,
there are a series of tests and criteria recommended in order to classify the sample into one of seven
groupings. Each grouping has specific allowances for package type, shippable quantities, and other
requirements such as temperature control or desensitization. The seven classifications of self-reactive
substances “range from type A, which may not be accepted for transport in the packaging in which it is
tested, to type G, which is not subject to the provisions for self-reactive substances of Division 4.1.”
Figure 20.1 from the seventh revised edition of the “UN Recommendations on the Transport of
Dangerous Goods: Manual of Tests and Criteria” provides the flow chart scheme for identifying the
appropriate classification of 4.1 Self‑Reactive materials, and the test series are divided into 7 series:

Test Series A: “Does it propagate a detonation?”
A.1 BAM 50/60 Steel Tube Test
A.5 UN Gap Test
A.6 UN Detonation Test (recommended test)
Test Series B: “Can it detonate as packaged for transport?”
B.1 Detonation Test in Package (recommended test)
Test Series C: “Does it propagate a deflagration?”
C.1 Time/Pressure Test (recommended test)
C.2 Deflagration Test (recommended test)

Test Series D: “Does it deflagrate rapidly in package?”
D.1 Deflagration Test in Package (recommended test)
Test Series E: “What is the effect of heating it under defined confinement?”
E.1 Koenen Test (recommended test for self-reactive substances in combination with one other test)
E.2 Dutch Pressure Vessel Test (recommended test for organic peroxides in combination with one other
test)
E.3 USA Pressure Vessel Test
Test Series F: “What is its explosive power?”
F.1 Ballistic Mortar Mk.IIId Test
F.2 Ballistic Mortar Test
F.3 BAM Trauzl Test
F.4 Modified Trauzl Test (recommended test)
F.5 High-Pressure Autoclave
Test Series G: “Can it explode as packaged for transport?”
G.1 Thermal Explosion Test in Package (recommended test)
G.2 Accelerating Decomposition Test in Package

FAI would be happy to help you ensure that your materials are transported safely. Please contact us to
begin the process of classifying a potential Division 4.1 Self-Reactive substance.

Contact Us

Upcoming Events
WM2021 Waste Management Symposium – March 8th
Spring DIERS Meeting - March 10th - 12th
Powder and Bulk Solids Webinar - March 30th
Chemical Processing - Combustible Dust Roundtable Webinar - May 12th
2021 ANS Winter Meeting & Technology Expo – October 31st - November 4th
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