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Reaction Calorimetry with Ventflow Analysis:
Acetone Reduction by Sodium Borohydride
By Donald J. Knoechel, Ph.D. - Senior Consulting Engineer, Growth Leader for Reaction Calorimetry
Testing & Consulting Services and Clayton R. Johnson, Ph.D. – Laboratory Scientist    

Introduction and Experimental
Determining the heat of reaction using reaction calorimetry is an important step in developing a safe
chemical process. Additionally, accurately characterizing gas generation, especially that of a hazardous
gas, can be equally as important. Sodium borohydride is commonly used in synthetic organic chemical
processes to reduce select carbonyls, such as ketones and aldehydes, to alcohols and exhibits pH-
dependent reactivity with water and alcohols by which hydrogen is produced. Thus, processes using
sodium borohydride as a reducing agent are well suited for reaction calorimetry coupled with ventflow
analysis.

Sodium borohydride is commercially available as a stable basic, aqueous reagent consisting of 12%
sodium borohydride in 40% sodium hydroxide. This reagent can be used in aqueous and even alcohol-
based reaction masses without hydrogen generation as long the reaction mass is kept basic. The final
step of many sodium borohydride processes involves acidifying the reaction mass to isolate the reduced
alcohol product. Hydrogen will be generated during acidification if the excess borohydride (active hydride)
is not quenched, which is commonly done with acetone.

In this article, we demonstrate FAI’s ability to perform reaction calorimetry while monitoring ventflow of a
gas relevant to process safety. Four experiments were run in a water-based reaction mass to explore the
calorimetry and hydrogen generation for a surrogate process where acetone is reduced to isopropanol by
12% sodium borohydride in 40% sodium hydroxide. All four experimental recipes are summarized in
Table 1. All four experiments included a stoichiometric excess of hydride in comparison to acetone, which
leaves unreacted hydride in solution after all acetone in the starting reaction mass is reduced. The
“Acetone Quench” experiment quenches the excess hydride with an addition of a second aliquot of
acetone, which does not generate hydrogen. The “Acid Quench”, “Acid Quench with Methanol”, and “Acid
Quench with Isopropanol” experiments quench excess hydride through the addition of 40% sulfuric acid,
which does produce hydrogen. Two acid quench experiments included methanol and isopropanol
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individually in the starting reaction masses to investigate whether the presence of a hydride-reactive
alcohol effected the calorimetry or ventflow of the process. A small amount of sodium hydroxide was also
added to each initial reaction mass to raise the pH of the unadjusted initial mass, which ranged from 5 to
7, to pH > 10 in order to stabilize the sodium borohydride.

Table 1 – Reduction of Acetone with 12% Sodium Borohydride in 40% Sodium Hydroxide Recipes

Reaction calorimetry was performed using a Mettler-Toledo RC1eMidTemp instrument equipped with the
500 ml ambient pressure Mettler-Toledo RC1 double-jacketed glass reactor and fitted with a three-tiered
Hastelloy C (HC) pitched blade turbine agitator along with a HC temperature probe, and a HC calibration
heater. A Brooks SLA 5860 Mass Flow Meter was used in conjunction with the Brooks Instrument Model
0254 which is a four-channel power supply to monitor real-time evolved gas flow rates from the reactor
vent. A Brooks SLA5850S Mass Flow Controller is also used in conjunction with the 0254 Control Unit to
provide a stable background nitrogen flow to the RC1 reactor tee purge. Although the experiments were
performed well below the boiling point of water, control experiments showed water vapor entrained by the
evolved hydrogen gas can distort the mass flowmeter signal if unchecked. In order to prevent distortion,
250 ml Schott bottle filled with Drierite desiccant was affixed to the vent line to prevent water vapor
reaching the mass flowmeter.

Acetone Reduction: Calorimetry and Ventflow
Figure 1 shows the data plots for the addition of 12% sodium borohydride in 40% sodium hydroxide
(LHS) and the follow-up addition of quench acetone (RHS) during the “Acetone Quench” experiment. The
results of these additions are summarized in Table 2. The heat flow signal for the addition of the 12%
borohydride in 40% sodium hydroxide was integrated with a baseline proportional to (heat) conversion
(integral baseline) to yield a total heat of -15,335. The heat capacity for the intermediate reaction mass
(205.71 g) was 4.094 J/g°C. Together with the total heat, mass and heat capacity, an adiabatic
temperature rise of +17.0°C for the addition of the borohydride reagent. Similarly, the heat flow signal for
the follow-up addition of quench acetone was integrated with a baseline proportional to (heat) conversion
(integral baseline) to yield a total heat of -13,984 J. The heat capacity for the intermediate reaction mass
(231.81 g) was 4.113 J/g°C. Together with the total heat, mass and heat capacity, an adiabatic
temperature rise of +14.7°C for the addition of the quench acetone.



Figure 1- RC1 Data Profile for “Acetone Quench” Experiment: Heat Flow (W), Mass Added (g), Temperature (°C), pH, and
Average Ventflow (ml/min) Versus Experiment Time (min). LHS - Addition of 12% Sodium Borohydride in 40% Sodium
Hydroxide at 25°C. RHS - the Addition of Quench Acetone at 25°C

Table 2 – Calorimetry Results for the “Acetone Quench” Experiment at 25°C – Borohydride and Quench Acetone Additions

It should be noted that no significant ventflow
activity was observed during any of borohydride
addition sequences over and above
displacement and temperature controller
response, even those with alcohol present. The
average ventflow signal is noisier for the acetone
quench addition compared to the aqueous
borohydride reagent addition since acetone is
much more volatile than the sodium borohydride
solution.

Table 2 (Left) – Calorimetry Results for the “Acetone
Quench” Experiment at 25°C – Borohydride and Quench
Acetone Additions

The normalized heat of reaction for the addition of the borohydride reagent to the water containing
acetone mass is larger than that for the follow-up quench with acetone (-159.6 kJ/mol acetone versus
-146.7 kJ/mole hydride). This is due to the heat of dilution of the caustic-containing hydride reagent into
the water-based reaction mass. Thus, this heat of dilution is not observed in the follow-up addition of
quench acetone, hence the lesser normalized heat of reaction value.

The calorimetry and ventflow data for the borohydride additions in the three acid quench experiments are
in general agreement, as expected, with the “Acetone Quench” results, thus they are not shown here for
brevity.

Acidification After Borohydride Addition
Figure 2 shows the data plot for the acidification of the already quenched reaction mass with 40% sulfuric
acid during the “Acetone Quench” experiment. The heat flow signal was integrated with a baseline
proportional to (heat) conversion (integral baseline) to yield a total heat of -11,298 J. The heat capacity
for the intermediate reaction mass (257.34 g) was 4.012 J/g°C. Together with the total heat, mass and
heat capacity, an adiabatic temperature rise of +11.6°C for the addition of the quench acetone. The heat
flow profile shows an initial square-wave-like addition limited profile can be interpreted as the region in pH
where the acid is primarily neutralizing OH- from the caustic loading of the borohydride reagent. Past the
230-minute mark, the heat rate falls off but not to zero, likely due to the acid reacting with the borate
esters. The most important feature of Figure 3 is no ventflow activity over and above displacement is
observed since the excess hydride was previously quenched with acetone and thus there is not active
hydride left to generate hydrogen.



Figure 2 - RC1 Data Profile for the Acidification Step of the “Acetone Quench” Experiment: Heat Flow (W), Mass Added (g),
Temperature (°C), pH, and Average Ventflow (ml/min) Versus Experiment Time (min) for the Acidification with 40% Sulfuric
Acid at 25°C

Figure 3 shows the data plot with regards to pH and heat flow for the acidification steps for the “Acid
Quench”, “Acid Quench with Methanol”, and “Acid Quench with Isopropanol” experiments. All three acid
quench experiments had pre-acidification reaction masses that contained active hydride. Consequently,
the heat flow signal has a different profile than that from Figure 2 where no active hydride was present.
The calorimetric results of all the acid addition sequences will be shared later in Table 3. Like the
acetone-quenched sample, the front end of these heat flow profiles is a square-wave like addition-limited
profile. As the pH decreases, however, there is no longer a sharp drop in heat flow in the pH 12 to 10
range. Rather, the heat flow starts to drop but swings back up again until the final pH is reached whereby
the heat flow drops rapidly to zero. This indicates that the reaction of acid/water/alcohol with active
hydride is more exothermic than with the borate ester. Note that there is also no significant difference
between the profiles regarding with or without alcohol is present.



Figure 3 - RC1 Data Profile for the Acidification Step of the “Acid Quench”, “Acid Quench with Methanol”, and “Acid Quench
with Isopropanol” Experiments: pH and Heat Flow (W) Versus Reaction Experiment Time (min) for the pH Adjustment with
40% Sulfuric Acid at 25°C

Figure 4 shows the data plot with regards to pH and ventflow for the acidification steps for the “Acid
Quench”, “Acid Quench with Methanol”, and “Acid Quench with Isopropanol” experiments. In Figure 4,
there is ventflow as soon as the acid is added. As the pH approaches 12 to 10, a dramatic increase in
ventflow activity occurs. This is interpreted as prior to pH 12, there is a competition for acid between
neutralizing OH- and reacting with hydride, but as the pH decreases from 12 to 10, with the OH- mostly
consumed, the active hydride is no longer stabilized by base and the pool of water and/or alcohol present
can start to react directly with hydride as does the incoming acid producing a bolus of hydrogen. Other
than requiring a slightly larger amount of acid to reach the final pH, there is no significant difference in the
reaction masses with and without alcohol as far as when the hydrogen gas is generated.



Figure 4 - RC1 Data Profile: pH and Average Ventflow (ml/min) Versus Reaction Experiment Time (min) for the pH Adjustment
with 40% Sulfuric Acid at 25°C for the “Acid Quench”, “Acid Quench with Methanol”, and “Acid Quench with Isopropanol”
Experiments

Table 3 shows the calorimetry results from
acidification with 40% sulfuric acid at 25°C for all
the experiments. The volume of hydrogen
produced was calculated by integrating the
average ventflow signals and applying the
hydrogen gas factor relative to nitrogen. 2,122
ml, 2,284 ml, and 2,137 ml of hydrogen was
produced for the “Acid Quench”, “Acid Quench
with Methanol”, and “Acid Quench with
Isopropanol” experiments, respectively. All
measured values are in excellent agreement
with the theoretical amount of hydrogen to be
generated from the excess hydride present
before acidification (see Table 3).

Table 3 (left) – Calorimetry Results for the Acidification
with 40% Sulfuric Acid for All Experiments at 25°C

Conclusion
As expected, our results show that gas is not generated during the reduction of acetone by sodium
borohydride in a basic, water-based reaction mass. Additionally, if excess hydride is not quenched prior
to acidification, then significant amounts of hydrogen will be generated. Although numerous alcohols are
hydride reactive, the presence of methanol or isopropanol did not affect the calorimetry or hydrogen
generation of the studied system.

The experiments detailed here show that ventflow analysis performed alongside reaction calorimetry can
lead to valuable data needed to create a safer process. Additionally, these experiments showed inclusion
of a solvent trap upstream of the mass flowmeter may be necessary to prevent convolution of the flow
data by entrained solvent vapors. We used a desiccant trap in our experiment since we were working
with a water-based reaction mass, but we may consider using some sort of absorbent carbon trap or a
cold trap depending on the process of interest.



If you have process scale-up concerns or reaction calorimetry needs, please contact Clayton Johnson
(cjohnson@fauske.com or 630-995-6228).
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techniques for high pressure calorimetry testing in low phi-factor calorimeters and the
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This course serves as an introduction to combustible dust

mailto:cjohnson@fauske.com
mailto:cjohnson@fauske.com
mailto:cjohnson@fauske.com


and the hazards that are present in many industrial
facilities. The course will cover what kinds of hazards to
look for, the different ways that fires and explosions can
occur, and various other related topics. The course will
also include some examples of mitigation strategies and
testing services that can help you minimize your risk of a
combustible dust related accident.

Introduction to NFPA 652/Dust
Hazard Analysis - September 1st @
10:00 AM CST
This course will serve as an introduction to NFPA 652 and
describes how this standard interacts with other relevant
NFPA codes and guidelines. The course will discuss Dust
Hazard Analysis (DHA) and provides an overview of the
methodologies that can be employed to perform a DHA.
The course will also include a logical approach to
characterizing a powder's hazardous dust properties, as
well as a description of various techniques used to control
and/or avoid dust explosions in a safe and compliant
manner.

Sign Up Now!

The Importance of Upset Scenario Selection When
Evaluating Reactive Hazards & Calculating TMR
By Elizabeth J. Raines, Senior Chemical Engineer, Fauske & Associates, LLC

Introduction
Evaluating chemical hazards is a crucial part of
plant safety. Any chemical process should be
robust by design; any given process can be
subject to reasonable changes. A robust design
should accommodate small changes without a
catastrophic consequence. To develop an
inherently safe process, hazards need to be
identified and evaluated in order to either
prevent, mitigate, or eliminate them.

Reactive hazards are a special subset of chemical hazards that can be present whether the reaction is
intended or not, and the results can have catastrophic consequences such as explosion, fires, or harmful
chemical releases. It can be difficult to predict the outcome of a chemical reaction, particularly when the
reaction is not intended. Nevertheless, it is critical to study both desired reactions in addition to these
undesired reactions to ensure that the proper safeguards, procedures, or safety related equipment are
installed to protect during them. There are many potential situations that can result in an unintended
chemical reaction. These situations that lead to a chemical reaction are often referred to as “upset
scenarios.” An upset scenario is a plausible abnormal process variation that is typically identified through
a detailed process hazard assessment (PHA). Common upset scenarios include:

Loss of Cooling During the Normal Process
Fire exposure or Inadvertent Heating
Wrong Reagent Addition or Order of Additions
Excess Catalyst or Reagent
Contamination

Oftentimes, multiple upset scenarios are possible, and it is important to make decisions regarding safety
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considering the scenario that would result in the most severe consequences.
This article will showcase the importance of selecting the worst-case upset scenario by comparing a
critical safety parameter, adiabatic time-to-maximum rate (TMR) for three different upset scenarios.

Contaminated Hydrogen Peroxide Adiabatic Calorimetry Data

Studying the severity of a chemical reaction (whether intended or not) can easily be done in the VSP2 or
ARSST. The VSP2 and ARSST are robust low phi factor adiabatic calorimeters, that can be used to
directly and quickly simulate identified upset scenarios and provide directly scalable data.

In this example, a PHA identified iron contamination as a potential upset scenario for a facility that utilizes
and stores 25% aqueous hydrogen peroxide. It is important to have a basis for the selected upset
scenario, and to select proper safety measures to handle the worst-case credible scenario. The
evaluation identified multiple scenarios that could result in iron contamination with possible
concentrations in the range of 10 to 500 ppm. 

A series of open system (i.e. the test cell is open
to a larger but closed containment vessel) VSP2
experiments were conducted with various levels
of iron contamination. Note, the backpressure of
the experiments varied between 0 psig and
110 psig. These corresponding backpressures
affect the peak temperature achieved during
testing due to the vaporization of water. Figure 1
provides the temperature rise rate vs.
temperature data for the three experiments. The
markers show the regressed data, and the solid
lines show the exponential fit used to extract the
thermokinetic parameters. Note, the kinetic fit
shown in Figure 1 is not phi-corrected.

The provided data are based on a 7 point regression of the collected data, and the contaminant utilized
was ferric sulfate hydrate. The test cells utilized were glass‑lined stainless steel (VSP2), and the
approximate phi-factor for the experiments was 1.15. The VSP2 experiments were conducted utilizing a
heat-wait-search methodology with an exothermic detection criterion of 0.2°C/min. As expected, the
reaction onset decreases as contamination level increases with the decomposition of the hydrogen
peroxide readily occurring even at room temperature when the contaminant concentration is 500 ppm.
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Figure 1: Temperature Rise Rate vs. Temperature for a Contaminated Hydrogen Peroxide Upset Scenario

Adiabatic Time-to-Maximum Rate 
The collected data can be utilized to evaluate a number of critical process safety and thermal stability
parameters (e.g. ideal vent requirements, adiabatic time-to- maximum rate evaluations, or self-
accelerating decomposition temperatures). Time-to-Maximum Rate (TMR) information is an important
quantitative criteria that can be used to describe the temperature and time pairings when a material(s)
becomes thermally unstable. Essentially, TMR indicates the time it takes for a reaction to reach its
maximum rate of heat generation for a specific starting temperature. An adiabatic TMR value is one
where no heat is transferred between the system and the surroundings; i.e. the total heat generated from
the reaction increases the temperature of the system and therefore increases the rate of reaction. TMR is
a useful parameter when evaluating the probability of a thermal risk, and it can be used to better
understand safe operating or storage conditions when performing risk or hazard assessments.

The data obtained from VSP2 testing can be used to assess this critical safety parameter. The first step
is to determine an Arrhenius expression describing the temperature rise rate as a function of
temperature. The temperature rise rate for reactions at low levels of conversion can be expressed by the
zero-order Arrhenius expression provided by Equation 1‑1.

Note, this simplification is not well suited for higher order reactions, multi-step reactions, or reactions that
display autocatalysis. At low levels of conversion temperature rate data can be corrected for the thermal
inertial of the system simply by multiplying by the phi-factor.

The phi-factor is described by Equation 1-3.



Once the key kinetic parameters are determined, the adiabatic time-to-maximum rate can be estimated
over a range of temperatures using Equation 1-4.

The summary of the tested scenarios and the temperature corresponding to a 24 hour time-to-maximum
rate is available in Table 1.

Table 1: Summary of Adiabatic Calorimetry Test Results for Contaminated Hydrogen Peroxide

Summary
The various sets of data were evaluated to determine the temperature corresponding to a 24 hour
time‑to‑maximum rate. This value is commonly accepted as a critical safety limit at industrial scale. The
results show that the temperature corresponding to 24 hours to the maximum rate decreases as the
contaminant level increase. These results would imply significantly different safe storage or operating
conditions for a contaminant level of 500 ppm vs. 10 ppm, for example. It is therefore important to
consider the worst-case scenario when evaluating reactive hazards.

Contact us today for help identifying potential upset scenarios, and for guidance on establishing these
critical safety parameters.
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Systems Design training opportunity for September 2021!
 
Please join us for the first virtual Relief Systems Design course from Fauske & Associates.
This curriculum highlights simplified calculation methods capable of giving safe - but not
overly conservative - relief system designs, with an emphasis on reactive chemistries and
the role of two-phase flow.
 
Benchmarking of these methods will be illustrated with incidents and available plant data.
Utilization of methods and equations will be demonstrated through practical design
examples, covering vapor, gassy and hybrid systems.

For more information please contact Elizabeth
Raines at ERaines@fauske.com.
 
Type: Virtual
Dates: 9/21, 9/23, 9/28, 9/30 (Tuesday and
Thursday for 2 weeks to equal the equivalent for
a 2 full day course)
Times: 12-4 pm CDT
Cost: $2,000
 
No CEU credits at this time

Register Now

Watch our latest video on
YouTube to learn more about
Non-Destructive Cable Testing
using LIRA

Watch Now

Dust Hazards in Industrial Settings
By Zach Hachmeister, President, Fauske & Associates, LLC

Dust in industrial settings can present a
variety of hazards, but the two that are
most prevalent relate to the toxicity and
explosive characteristics of the
material.  Both hazards are addressed
in different fashions; however, there is
some correlation between the two. 
 
For toxicity purposes, government
agencies such as the American
Conference of Governmental Industrial
Hygienists (ACGIH) and Occupational
Safety Health Associates (OSHA) have
developed threshold limit values (TLV)
or permissible exposure levels (PEL)
for a wide range of materials. 
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These values set a safe level at which employees can be exposed to a specific material over a given
amount of time and are usually reported in parts per million (ppm) or mg/m3.  When addressing explosion
hazards, the potential for an explosion does not begin until dust concentrations suspended in air reach a
value that is typically above 20 g/m3.  To help put this in perspective, a 25 watt light bulb positioned one
meter away would be barely visible in a dust cloud that has a concentration of 60 g/m3.  Keeping that in
mind, it is also possible to see dust particles suspended in air and still be below the threshold value set
by OSHA.
 
In accident investigations, dust explosions are usually referred to as either a primary or secondary
explosion.  A primary dust explosion is one that occurs inside a process vessel such as a dust collector
and the fuel is usually the actual process dust.  Secondary explosions often follow a primary explosion. 
Essentially, the pressure wave from the primary explosion lofts fugitive material that was previously
deposited on overhead surfaces.  The lofted material then forms a cloud and eventually finds an ignition
source resulting in a secondary explosion.  One of the more well known dust explosions was the incident
that occurred at Imperial Sugar where a series of secondary explosions demolished the facility causing
over $270 million dollars in damage. 
 
The relationship between the toxicity and explosion hazards primarily relates to secondary dust
explosions and fugitive dust deposits. An extremely low dust concentration from a hygiene perspective is
usually an indication of good dust control, especially if these measurements are taken near process
equipment. 

Good dust control leads to lower fugitive dust
deposits which can alleviate housekeeping
duties and ultimately reduce secondary dust
explosion hazards.  However, using hygiene
measurements to solely address dust explosion
hazards is not a safe approach.  The reason this
is not acceptable is that it will not always tell the
story of what is on elevated horizontal surfaces
such as overhead I-beams or duct work. It also
does not address primary dust
explosion hazards, which are those that exist
inside process equipment.  
 

To mitigate the hazards associated with dusts in the workplace, it is not only important to look at hygiene
levels but also to evaluate the explosive characteristics of the materials being processed.  A good starting
point is to have dust explosibility screening tests conducted on samples that are taken from process
equipment such as dust collectors or mills.  It is also a good practice to evaluate the fugitive dust deposits
on overhead supports.  If the materials are identified as non-explosible then the main safety concern may
be reduced to toxicity effects.  However, if the dust is found to be explosible then explosion protection
equipment should be installed on process equipment and housekeeping efforts should be capable of
keeping fugitive dust deposits to a minimum.  
 
If you have any further questions regarding the how to assess dust explosion hazards in the work place,
please don't hesitate to contact dust@fauske.com or call 630-323-8750.
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Notification of PrEVent Phase Out
For nearly ten years our PrEVent software has been a valued tool for vent sizing calculations.  However,
after recent development and successful deployment of a replacement software with improved
functionality and expanded capabilities, FAI has decided to phase out support of PrEVent and will no
longer be offering that product. Our new software FERST Powered by CHEMCAD will be actively
supported and updated with innovative features.  We would be happy to discuss potential rebate options
for our existing PrEVent users. 
 

https://www.fauske.com/e2t/tc/VWV3MR2jLPRNW3Y8JDX3plNfhW8JC1R54wls9BN4Hzmf33lHNGV1-WJV7CgXhLW7cr_pQ6zWgt-W189v5034nmbNW6XJxrb6XGBC9N6JrsL7_-QdMW8xZdYd8lvH7nW17vXsd9bHxhhW6m2nHD8pZj1KW4KfXCY5tCXZyW6Knwds83b2cWW2J-6fg3-D8zKW3fbM981sJmTLW7xDc_Y4_Zw1XW5nyrD065J8kSW84S3ht4tJ6KrW82Pdt-5J7t4jW3j17Qd1LB6qGW7yL23q2RFb-RW6-M5TV1q4sD1MSQbRBvmtZqW3s9nr760ydG7W8jMKnH8skhY7W2RLp3K1fNtTR3nrp1
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The official end of full support (EOFS) will be October 31, 2021.  The official end of service and support
(EOS) date is January 31, 2022.  Please note, the Microsoft Silverlight Installer that is required for
PrEVent operation will no longer be available after October of 2021.  This has played a role in our
lifecycle management decision.  This will not impact current users, but it may have an impact if the
program is inadvertently uninstalled and will restrict new installations. 
 
We apologize for any inconvenience and hope that this transition goes as smoothly as possible, and we
look forward to providing support throughout this change.
 
If you have any comments or suggestions, please contact our product team at parts@fauske.com.  If you
are interested in learning more about FERST Powered by CHEMCAD, or to receive a free demo, please
reach out directly to Elizabeth Raines at eraines@fauske.com.
 

Contact Us

With a combined 75 years of
leadership in process simulation and
process safety, FAI and Chemstations
are excited to release our innovative
new software to revolutionize relief
system design.

Read More

Blast Analysis and
Design Capabilities
 
FAI, as a wholly owned subsidiary of
Westinghouse Electric Company, is well-
positioned to provide full-scope blast
analysis and design capability to address
needs of our industrial clients!
 
Have you read the latest from the Fauske
Blog? Check out this article on Blast
Analysis now! 

Read Now

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

Read the Fauske Blog
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Read the Journal Article
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Upcoming Events
8/3/21 – 2021 47th Annual NATAS (North American Thermal Analysis Society)
Conference 
8/18/21 – Dust Testing Overview @ 10:00am – Webinar
8/24/21 – Powder Bulk Solids Conference August 24th-26th Rosemont, IL 
9/1/2021 – NFPA 652 DHA Overview @ 10:00am - Webinar
9/16/21 – DSS Dust Safety Academy Training Session
9/21/21 – Relief Systems Design Course (9/21, 9/230, 9/28 & 9/30)
10/13/21 – Fall DIERS Meeting October 13th-15th
11/7/21 – 2021 AIChE Annual Meeting November 7th-11th
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