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INHERENT SAFETY — IN THE NEWS AGAIN!

Dennis C. Hendershot

On November 6, 2009, the United States House of Representatives passed the Chemical & Water
Security Act of 2009 (H.R. 2868), and the bill will be sent to the United States Senate for
consideration in 2010. As passed by the House, some of the provisions of the bill include:

e Chemical Facility Antiterrorism Standards (CFATS), issued in 2007 by the Department of
Homeland Security (DHS) based on temporary authority to regulate chemical facility security,
become permanent.

e An evaluation of inherently safer technologies (IST) would be required for facilities which
have the potential for a toxic release which could impact the surrounding community.

e DHS can require implementation of IST for the “highest risk” facilities, where it is determined
to be feasible and cost effective.

It is difficult to project what will happen to this bill in the Senate. There will certainly be a lot of
debate on the IST requirements, which are strongly opposed by industry. In particular, there is
concern about giving the government the authority to dictate chemical manufacturing processes and
synthesis routes.

My personal opinion is that engineers and chemists should be thinking about IST as a way of
managing security and process safety risks. Many of us already do, and many companies have
made it a part of their process development protocols. For these companies, a regulatory
requirement for consideration of options does not have to be onerous. They are already doing it, and
just need to document it. For those chemists, engineers, and companies who are not familiar with
IST, perhaps a regulation requiring evaluation will help educate them. | do have concern with a
regulatory mandate that a company use a particular technology identified by outside “experts”. The
real experts are people who have spent years developing an understanding of the technology of
their process, not regulators who, at best, have a cursory understanding of each of the many
different technologies they will be charged with regulating. This is not a comment on their
competence or capabilities, but just recognition that the job they are asked to do is not really
possible.

If you have an opportunity to share your thoughts with your elected representatives on this subject
over the next few months, they might welcome some technical expertise in this area. A good place
to start to get a basic understanding of inherently safer design concepts is a recent (October 2009)
CCPS summary document titled “An Introduction to Inherently Safer Design”. You can download this
document from http://www.aiche.org/ccps/webknowledge/inherentlysafer.aspx. And, if you will be
attending the 2010 Global Congress on Process Safety in March, there are a number of sessions
which will discuss inherently safer design.

— Dennis C. Hendershot
Editor, Safety and Health News
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AIChE SAFETY & HEALTH DIVISION UPDATE
Kathy Pearson, 2009 Chair, Safety and Health Division

| hope you are scheduled to attend the Global Congress on Process Safety (GCPS) in San Antonio,
TX. It looks like another excellent conference! The work for the GCPS is almost done. The session
and symposia chairs have done a lot of work to get everything organized. All the authors have been
busy. Draft papers have been submitted to the session chairs, and | know the folks that are late are
working hard. The final paper deadline is almost here. Confex (the on line conference organization
system used by AIChE) is up to date and registration is on-line. This year, we had so many good
papers submitted that during most of the conference will have 4 simultaneous tracks instead of 3.
(Editor's Note: The complete program grid for the 2010 GCPS is attached to the end of this
newsletter.)

If you are coming to the Spring Meeting, | encourage you to attend both the Safety & Health Division
dinner on Monday evening (March 21) and the division’s annual meeting on Tuesday evening
(March 22). Both of these events are great opportunities to get to know other champions of Process
Safety and to get involved.

The Division's annual dinner has always been a special occasion. The dinner will be held Monday
night, March 21st, at the Casa Rio. Tickets are $50. A cash bar will be provided. After dinner, Jack
McCavit will give a short, lighthearted talk. Jack is now his own boss after a distinguished career
with Celanese. Jack is a frequent consultant to CCPS and a familiar face at the Global Congress.

The annual Safety & Health Division meeting is how the division keeps up with all the division
activities. The S&H Division sponsors may excellent projects and programs. The Loss Prevention
Symposium and the Process Plant Safety Symposium are both under the division umbrella. We are
always looking for new volunteers to work on the conference. The Process Safety Progress journal
is an excellent publication of the division. The reviewers for the publication are from the division. The
S&H Division also sponsors awards for the AIChE college student design competition, and judging
the student design competition is very interesting. By attending the annual meeting, you can find out
what is going on and consider volunteering.

If you can’t travel to attend, please consider watching the Global Congress webinars. The papers of
all consenting authors in the Global Safety Congress will be available by webinar. The presentations
will be available individually through ChemE on Demand. If you are an AICHE member, you have 6
free webinar credits each year.

“I Remember One Time...”
Stefan Wawzyniecki, CIH, CHM, University of Connecticut
2010 Chair, ACS Division of Chemical Health & Safety

How many of us have started or continued a conversation with that line? | use it all the time when |
teach a class on hazardous waste. | tell the students to sit back, relax, and not worry about taking
notes. Then | begin telling stories.

| find that when you engage an audience with an event that they can relate to, or even envision
themselves in, it serves two purposes: 1) it entertains them and 2) it can be used as a learning tool.



3 Sefotyy §r Hoalth News WINTER 2010

Whether it’s an incident that occurred on the shop floor, or during a particularly dangerous event,
people are inclined to listen. When talking about OSHA standards, the subject matter is, admittedly,
boring. The regulations are not written for the common man, and to convey their importance
becomes a challenge. Time for storytelling.

“Back when | was working summers to pay for college....” We all could probably fill in the rest of the
story here. My summer jobs began in the 1960’s, before OSHA, so they do tend to be entertaining.
‘o | worked in a wood-working shop, making louvered doors. The operator needs to align all the
horizontal slats so that when the press is activated, they engage into the openings on the side
members. Once, the guy operating the machine saw that one slat was misaligned, so he reached in
just after he activated the press....."

At 17, | saw my first occupational accident of a finger being separated from the hand. Even if you
have never worked in a wood-working shop, everyone is familiar with a louver door. And the making
of one can now be visualized as well, and, finally, the bloody result of the accident.

When conducting safety training, whether it is a chemical operation involving batch processing of
highly corrosive materials, or, the maintenance of a machine that requires the use of solvents, telling
stories brings the audience into the scene, and, provides a better incentive to listen to the message,
whether it is wearing the proper PPE, or following a set of guidelines in performing a task.

‘I knew a guy, who ...."” Everyone knows a guy who did something which resulted either in a funny
anecdote, or an accident. Remember that lab technician who was re-distilling ether, and walked
away to get a cup of coffee, got involved in a conversation, and then heard an explosion coming
from his lab? Lesson learned? Leave no potentially dangerous operation left unattended.

| usually try to get a sense of who is in my classroom; sometimes they are employed in a blue collar
job, but returning to school to aspire to a higher position. | try to get them to tell their own stories,
because that involves them in classroom discussion. It beats reading from a slide presentation
sometimes. It also results in the audience “buying-in” to the message- “why should | care about
regulations?”- because they may save you from harming yourself.

Telling stories based on experiences offers lessons learned. Whenever an event is scheduled which
you feel others could learn from- say, an ammonia offloading into a tank at a plant - take pictures.
That way, others benefit from the experience. As they say, ‘Every picture tells a story....” Much effort
is put into developing SOPs- Standard Operating Procedures- What to do, How to do it, When to do
it, and Why one does it a certain way. But reading from a script is enhanced by providing a story that
goes with it.

“There was that time when....”

| got called in to help a researcher, who had a cylinder of ammonia gas. The regulator appeared to
be installed correctly, but after opening the valve, and then closing it, they noticed the regulator still
registered pressure. All attempts to close the valve with the valve wrench were unsuccessful. What
to do....

The person in the machine shop suggested an option he usually did for stuck connections. He
brought in a piece of pipe, slid it over the handle of the wrench, thereby extending it, and providing
more leverage. It worked. Done carefully, with emergency personnel alerted, the problem was
solved. As a story, it provided a learning experience.
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As with all stories, especially in these litigious times, many would offer such anecdotes with the
caveat, “Don’t try this at home”. And there are times when the storyteller may dig a little too far back
in his or her memory, and come up with a tale such as

‘I remember when we took some cans of old ether and brought them down an abandoned road.
Placed them on a platform, , and the guy with the best aim shot them with his rifle. They drained into
an open vat, and then the guy with the best softball pitch, threw a flare into it to ignite it.”

Definitely, do not try this at home.

William J. (Bill) Bradford

Bill Bradford died on October 12, 2009 in a nursing home in Newton, Massachusetts. Bill was a
pioneer in safety and loss prevention in industry and in the American Institute of Chemical
Engineers.

Bill was born in New Rochelle, New York and grew up in Lynn & Swampscott, Massachusetts,
graduating from Swampscott High School. He served in the US Army in World War Il. After his time
in the service, he attended Northeastern University in Boston, graduating in 1950 with a degree in
Chemical Engineering. He immediately went to work for the Factory Insurance Association. By 1955
he was working for William H (Bill) Doyle as a supervisor in the Chemical Department. Bill Bradford
was always forthright in his approach to loss prevention and safety. For example, he was lightly
censured for describing conditions in an insured’s plant as “appalling.” Bill Doyle thought he might
use a softer term.

Bill left the FIA and went to work for FIA’s competitors, Factory Mutual Engineering. After a few
years with FM, Bill left and went to work for Exxon Research and Engineering. He often said his
time with Exxon was spent “sitting on a sand dune in Libya.” However, during his time with Exxon
he did publish a ground-breaking paper with Tom Culberson on designing explosion resistant
control rooms.

Leaving Exxon, Bill went to work for Olin Corporation in their Safety and Loss Prevention
Department. During his time with Olin, Bill designed and managed some innovative full scale fire
tests on containers for calcium hypochlorite, developing a fire resistant container.

During his time with FIA, FM, Exxon and Olin, Bill was a supporter and contributor to the efforts of
Bill Doyle, Russ Miller and Walt Howard to form the AIChE Loss Prevention Symposium Committee
and the Health and Safety Division of AIChE. He was a “founding father” of the Air and Ammonia
Plant Safety Series. He served as chair of several Loss Prevention Symposia and contributed
several papers. He was the Treasurer of the Loss Prevention Symposium Committee for a number
of years. During that period of time, the committee’s treasury continually increased because of Bill's
tight fisted financial management.

The AIChE sponsored a continuing education course on "Loss Prevention Management" which was
taught by W.H. Doyle and R.F. Schwab for a number of years. After Bill Doyle had to give up this
activity because of ill health, Bill Bradford took over this task and carried on for a number of years,
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Bill officially retired from the AIChE 11a committee in 2002 and had been living a life of a retiree in
his home in Brookfield, Connecticut, and later in a retirement home in Newton, Massachusetts. Until
a few years ago, he and Betty, his wife of 59 years, spent their summers in a home in Maine.

Bill Bradford will be missed by those who knew him and those that benefited from his pioneering
Safety and Loss Prevention efforts. His entire career was devoted to the cause of improving
process safety in the chemical industry.

John Davenport and Richard Schwab

AIChE Safety and Health Division and SACHE
Student Awards

The following student awards were presented at
the AIChE Annual Meeting, November 2009, in
Nashville, TN:

SACHE Individual Safety Award - Walt Howard
Award

Brian Ashenfelter

Trine University

Advisor: Dr. Majid Salim

SACHE Team Safety Award - Jack Wehman |
Award
Rhiannon Quirk, James Sims, and Elizabeth

Wienslaw = Il
Nort_heaStem University 2009 Safety and Health and SACHE Safety Design Contest
Advisor: Barry Satvat Award Winners, from left to right, Wendy Smades, SACHE

Chair, Brian Ashenfelter, Rhiannon Quirk, and Elizabeth

Safety and Health Division Award - Ted Ventrone Wienslaw, and Ron Willey, representing the Safety and
Award Health Division (Photographer: Miranda Gray)
Brian Ashenfelter

Oklahoma State University

Advisor: Majid Salim

Safety and Health Division Award — Ephraim Scheier and Walt Silowka Award
Jared Clark, Kristin Wallace, and Afshan Samli

Oklahoma State University

Advisors: Jan Wagner and Rob Whiteley
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PAPERS OF INTEREST

Thanks to Stan Grossel for providing the following list of recent papers which might be of interest to
Division members.

1.

“The Important Role of Pressure in Supercritical Fluid Process Development Revealed by
Reaction Calorimetry” by Montelis, C. A. and Meyer, T., Process Safety Progress, Vol. 28, No. 3,
pp. 244-249 (September 2009).

The technique of reaction calorimetry adapted for use with reactions in supercritical fluids was
used to study some safety aspects of the free-radical dispersion polymerization of methyl
methacrylate in supercritical CO2. The reaction heat rate profile was found to change very little
once the dispersion was well formed. Furthermore, it provided valuable information for the
calculation of the maximum temperature attainable by the synthesis reaction (MTSR) in the case
of a hypothetical cooling system failure. Finally, a series of failure scenarios demonstrated the
importance of the pressure as far as the safety of the process is concerned, due to the
particularity of the supercritical state of the solvent. It was found that the acceleration phase of
the reaction is the most critical period, since a cooling system failure during this phase leaves
very little time before the pressure overcomes the operational limit of the equipment and results
in an accident. Hence, the utility and the importance of defining the reaction heat rate profile
become obvious and several safety features have to be taken into consideration when designing
a SCF process.

‘Improvements in the Safety Screening of Resin Manufacturing Processes” by Kalfas, G.,
Krieger, T., and Wilcox, R., Process Safety Progress, Vol. 28, No, 3, pp. 275-281 (September
2009).

Consequences of acrylic resin reactor runaways can be devastating, as it is evident in
investigation reports of industrial accidents. Critical in preventing major accidents is the safety
screening of any acrylic resin formula to be manufactured in large scale. Computer model
simulations facilitate the evaluation of “layers of protection” against acrylic polymerization
runaways. This work describes the adaptation of a chemical process dynamic simulator
(DuPont™ TMODS™) for use in simulation acrylic polymerization runaways. “Loss of cooling”
and “monomer pooling (accumulation)” scenarios are the causes of these runaways. Simulations
show that scenarios leading to “monomer pooling” result in more energetic runaways and to
larger emergency relief capacity requirements than “loss of cooling” scenarios.

‘Estimation of Time to Maximum Rate under Adiabatic Conditions (TMRad) Using Kinetic
Parameters Derived from DSC — Investigation of Thermal Behavior of 3-methyl-4-nitrophenol” by
Roduit, B. et al., paper presented at the NATAS 37h Annual Conference, September 20-23,
2009, Lubbock, TX.

Kinetic parameters of the decomposition of hazardous chemicals can be applied for the
estimation of their thermal behavior under any temperature profile. This paper describes the
application of the advanced kinetic approach for the determination of the thermal behavior also
under adiabatic conditions occurring, e.g., in batch reactors in the case of cooling failure. The
kinetics of the decomposition of different samples (different manufacturers and batches) of 3-
methyl-4-nitrophemol were investigated by conventional DSC in non-isothermal (a few heating
rates varying from 0.25 to 8.0 K/min) and isothermal (range of 200-260°C) modes. The kinetic
parameters obtained with AKTS-Thermokinetics Software were applied for calculating reaction
rate and progress under different heating rates and temperatures and verified by comparing
simulated and experimental data. After application of the heat balance to compare the amount of
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6.

heat generated during reaction and its removal from the system, the knowledge of reaction rate
at any temperature profiles allowed the determination of the temperature increase due to the
self-heating in adiabatic and pseudo-adiabatic conditions. Applied advanced kinetic approach
allowed simulation of the course of the Heat-Wait-Search (HWS) mode of operation of adiabatic
calorimeters. The thermal safety diagram depicting dependence of Time to Maximum Rate
(TMR) on the initial temperature was calculated and compared with the results of HWS
experiments carried out in the system with a ®-factor of 3.2. The influence of the ®-factor and
reaction progress reached at the end of the HWS monitoring on the TMR is discussed.
Presented calculations clearly indicate that even very minor reaction progress reduces the
TMRad of 24 hours characteristic for a sample with initial reaction progress amounting to zero.
The described estimation method can be verified by just one HWR-ARC, or by one correctly
chosen ISO-ARC run of reasonable duration by knowing in advance the dependence of the TMR
on the initial temperature for any ®-factor. The proposed procedure results in significant
shortening of the measuring time compared to a safety hazard approach based on a series of
ARC experiments carried out at the beginning of a process safety evaluation.

“Validation of Two Models for Discharge Rate” by Woodward, J. L., J. Hazardous Materials, Vol.
Vol. 179, pp. 219-229 (2009).

A substantial body of discharge rate data has been developed over the past half century
applicable for validation of single and two-phase discharge models. This paper applies a wide
range of test cases and compares predictions with test data for two types of discharge model:
(a) the energy balance model, and (b) the non-equilibrium model of Diener and Schmidt. The
latter enhances the original homogeneous equilibrium model of Leung. This exercise reveals
possible inconsistency between experimental datasets as much as it provides confirmation of
the accuracy of the models, but both models are shown to provide adequate predictions within a
factor of two and generally better.

“‘Handling of Reactive Chemical Wastes — A Review” by Etchells, J. C. et al, IChemE
Symposium Series No. 154 (Hazards XX), Paper 56 (2008).

A study has been made of 142 incidents reported to the HSE, caused by unintentional or
inadequately planned mixing of incompatible waste chemicals, or the decomposition of thermally
unstable wastes. 62% of the incidents occurred at waste producer sites, the remainder occurring
during waste treatment and transit. The immediate effects of such incidents included fires,
explosions, chemical releases, and drums rocketing off-site. In some case employees were
killed or injured. Five common reaction types accounted for over 68% of incidents where the
chemistry was known. In most cases these reactions could be linked to specific industry types, in
particular the chemical industry and engineering/metal treatment. This paper reviews the
incidents and their causes, many of which were failures to take simple precautions, such as
properly characterizing, packaging and labeling the waste, particularly during ‘bulking up” into
storage containers. The guidance available to prevent such incidents has been identified and,
where gaps were found, suggestions to take matters forward with industry are made. A particular
issue is the screening procedures required before waste chemicals are mixed, particularly in
large tanks and reaction vessels, both at waste producer and waste-treatment sites. An ongoing
research project on scale-up, being carried out for the HSE by HSL, is described. The
Environment Agency (EA) is taking an active interest in this project.

“Thermal Decomposition Behavior of Cumyl Peroxide Measured by FT-IR” by lwata, Y. and
Koseki, H., Proc. MKOPSC 11th Annual Symposium, pp. 153Ff (2008).
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The purpose of this study is to investigate the hazardous evaluation method in which FT-IR is
used in order to make the fire prevention and the safety handling countermeasures of chemical
substances. The FT-IR equipment is used to measure the absorbance changes in the thermal
decomposition. The absorbance of raw materials and products corresponds to their
concentrations. The concentration change of the raw materials and products is the important
information to predict when the runaway reaction occurs. Cumyl peroxide (CHP) was used as an
example. The thermal decomposition of CHP is known as the autocatalytic decomposition type.
The temperature of the self-reactive substances of the autocatalytic style is not observed
obviously before the runaway reaction. The temperature and pressure of a sample were
measured in a closed pressure vessel in order to investigate the decomposition of CHP. The
thermal decomposition of CHP is the closed pressure vessel was examined by measuring the
time history of absorbance of CHP. Di-tert-butyl peroxide (DTBP) was investigated in a previous
paper. DTBP increases gradually in the thermal decomposition before the runaway reaction. The
results of CHP were compared with those of DTBP.

. “Evaluating SADT by Advanced Kinetics-Based Simulation Approach” by Roduit, B. et al, J.
Thermal Analysis and Calorimetry, Vol. 93, No. 1, pp. 153-161 (2008).

This process study depicts the extension of the method of the application of the advanced kinetic
description of energetic materials decomposition by its combination with the exact heat balance
carried out by numerical analysis and the determination of the self-accelerating decomposition
temperature (SADT). Moreover, the additional parameters such as thermal conductivity of the
self-reactive substances, the type of containers and insulation layers, and different temperature
profiles of the surrounding environment were taken into consideration. The results of DSC
experiments carried out with different heating rates in the range of 0.25-4°C/min were elaborated
by the Thermokinetics software. The application of the Thermal Safety software and the kinetics-
based approach led to proper selection of experimental conditions for SADT testing. The applied
approach enabled the simulation of such scenarios as the thermal ignition of self-reactive
chemicals conditioned previously for 12 hours at 80°C and exposed later isothermally for 8
hours to temperatures between 120-180°C. The described method can be used for analysis of
possible development of runaway during storage or transport of dangerous goods (TDG) and
containers, and subsequent choice of the conditions that can prevent an accident.

. “Sizing of Safety Valves for Very Viscous Shear-Thinning Liquids” by Moncalvo, D., Friedel, L.,
and Jorgensen, B., Paper presented at the ExHFT-7 Conference, June 28-July 3, 2009, Krakow,
Poland.

The extension of the actual sizing standards for safety valves from Newtonian liquids to shear-
thinning polymers is impeded by the lack of measurements. Here, liquid and two-phase flows of
polyvinylpyrrolidone are discussed based on new experimental data. In liquid flows the mass
flow rate is weakly affected by an increment in the polymer weight in the solution. This result
suggests that the rate of viscosity increment with the polymer concentration between the seat
and the disk is very slow. In support of this theory the distributions of the shear rates and of the
viscosities are calculated computationally and that effect is evinced. In two-phase flows the total
mass flow rates at constant relieving pressure and quality increases notably with the polymer
weight in the liquid. A possible explanation considers both that air entrapment strains shear-
thinning liquids to very large shear rates and that a reduction in the void fraction following a
redistribution of the phases occurs, when the viscosity of the medium increases.

. “Thermal Stability at Elevated Pressure — An Investigation Using Differential Scanning
Calorimetry” by Priestley, 1. J. G. et al, IChemE Symp. Ser. No. 154, Paper 59 (2008).
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10.

11.

During laboratory scale development of a new chemical process which is to be operated at
elevated pressure a material was found to undergo an unexpected thermal decomposition. Initial
DSC testing had indicated that melting appeared to be a prerequisite for decomposition and
based upon this and the fact that melting points are elevated at increased pressures the material
had been expected to be thermally stable under the proposed operating conditions. The
unexpected thermal decomposition resulted in a more extensive investigation into the thermal
stability of the material being performed. Work was carried out primarily at adiabatic pressure in
order to obtain an understanding of the mode of the decomposition. The work was then
extended to pressures of up to 30 bar and although this gave us a further insight into the
decomposition it failed to simulate the process conditions which could reach 600 bar. A
collaboration with the University of Aberdeen has enabled DSC measurements to be carried out
at 500 bar confirming predictions about the melting point behavior, but also giving an
unexpected view of the thermal decomposition. A second collaboration with the University of
Huddersfield provided a further insight into the thermal decomposition of the material.

“‘Dewar Scaleup for Reactive Chemical Waste Handling” by Vechot, L. and Hare, J., IChemE
Symp. Ser. No.154, Paper 57 (2008).

The use of non-pressurised Dewar flasks had been proposed by some parts of the chemical
waste treatment industry to determine the exothermic reaction incompatibility of mixtures.
Temperature rises of between 6-10°C in the Dewar vessel over a period of 10 minutes has been
suggested by industry as criteria to indicate an exothermic reaction of concern. A literature
review of the specific heat losses from Dewar flasks and large-scale vessels is compared to
specific heat losses of Dewar flasks measured experimentally. Typical values of thermal
characteristics of large-scale vessels used in the waste industries have also been assessed. The
specific heat loss in the Dewar flask and large-scale vessels are very different. Scaleup limits of
four types of Dewar have been calculated for different values of overall heat transfer coefficients
for large-scale vessels. Thermal behavior of exothermic reactions in a Dewar flask has been
compared to that predicted in large vessels using reaction kinetics and heat transfer models. For
fast and highly energetic reactions the reaction energy release rate can be significant compared
to the heat losses and the Dewar flask can detect runaway reactions. However, for low energy
reactions or reactions with long induction time, the heat losses can be significant compared to
the heat release rate and the Dewar test can then miss exotherms or give non-conservative
results. It appears that the 6-10°C criterion proposed by the waste treatment industry might be
observed when the heat losses do not have a significant importance compared to the reaction
heat release rate. However, the reaction completion time at large scale would be shorter than at
the Dewar scale. In some cases, 10 minutes might be sufficient to detect the exotherm but not
the runaway reaction. The test should therefore be run to reaction completion in order to fully
detect exotherms. Reliable conclusions about the scale-up of Dewar data can be obtained when
the chemical reaction kinetics are well known. Unfortunately, this is not generally the case in the
waste treatment industry. So, unless the specific heat loss of the Dewar has been shown to be
less than large-scale vessels, this method in isolation is likely to be unreliable for scaleup to
large vessels.

“Sizing of Safety Valves Using ANYSIS CFX-Flo” by Moncalvo, D. et al, Chem. Eng. Technol.,
Vol. 32, No. 2, pp.247-251 (2009).

This work discusses the effect of the degree of fineness of the flow volume discretization and
that of the turbulence model on the accuracy of reproduction of air mass flow rates in two safety
valves using the CFD software ANYSIS Flo®. Calculations show that the degree of fineness of
discretization is the decisive factor affecting the exactness of the calculations and that the best
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reproduction is achieved with grids where at least two cells are built on the smallest edge. The
selection of the turbulence model has by far in comparison a lower impact; however, the best
accuracy is obtained using the standard k-w model and the SST modification of Menter.

12.“Influence of the Liquid Phase Physical Properties on the Void Fraction at the Inlet of a Full-Lift
Safety Valve” by Moncalvo, D. and Friedel, L., Chem. Eng. Technol., Vol. 32, pp.273-282 (2009).
This work studies the influence of the physical properties of a liquid on the void fraction at the
inlet of a corner valve resembling a full-lift safety valve. The test media are mixtures of air and
aqueous solutions of glycerin. Our own measurements evince a reduction in the void fraction
when the relative weight of glycerin in the solution is increased. If the effects of density, viscosity,
and surface tension on the void fraction are accounted for by increasing the relative weight of
glycerin in the solution, it results that the observed reduction of the void fraction is primarily a
consequence of the enhancement of viscosity. On the other hand, the increment of the liquid
density is responsible for a modest increase in the void fraction and the effect of the reduction in
the surface tension is almost negligible. The enhancement of either the density or the viscosity
of the liquid phase increases the relative velocity of the gas in the two-phase mixture, and,
therefore, the slip. The impact of the liquid properties on the void fraction in co-current vertical
pipe flows is similar to that at the inlet of the corner valve. Among the most common correlations
for pipe flows, the formulation of Rouhani and the homogeneous void fraction accurately
reproduce the void fraction at the inlet of the valve only for two-phase flows with liquids of low
viscosity. A new void fraction correlation is proposed here, which reproduces all measurements
very well and correctly predicts the impact of the liquid phase properties. Despite numerical
coefficients, which can be fitted to additional sets of measurements, the structure of the new
correlation is also applicable outside the range of two-phase flows for which it has been explicitly
validated.

13.“Advanced Kinetics-Based Simulation of Time to Maximum Rate Under Adiabatic Conditions” by
Roduit, B. et al, J. Thermal Analysis and Calorimetry, Vol. 93, pp. 163-173 (2008).
An adiabatic calorimeter is very often used for the investigation of runaway of exothermic
reactions. However, the ideal adiabatic environment is a theoretical state which during laboratory
scale testing cannot be obtained, but may only be approached. Deviation from the fully adiabatic
state comes from (i) the thermal inertia of the test system or heat lost into the sample container,
and (ii) the loss of heat from the container itself to the environment that reflects the ‘operational
adiabaticity’ of the instrument. In addition to adiabatic testing, advanced kinetic approach based
on the kinetic parameters determined from DSC data performed under different heating rates
can be applied. It enables to simulate what may happen on a large scale by testing and up-
scaling results obtained with a small amount of the sample. The present study describes the
method of the evaluation of kinetic parameters of the coupling reaction of aniline with cyanamide
in water/HCI from the DSC signals measured in non-isothermal experiments carried out with the
rates of 0.5-8°K per minute. The reaction rate and reaction progress in adiabatic conditions were
predicted after introducing the kinetic description of the reaction into the heat balance equations.
It enabled to calculate the thermal safety diagram depicting the runaway time as a function of the
process temperature. The influence of thermal inertia of the system, expressed as the ®-factor,
on the reaction course in concentrated and diluted reactant solutions was determined and
discussed.

14.“Evaluation of Runaway Reaction for Dicumyl Peroxide in a Batch Reactor by DSC and VSP2”
by Wu, S-H et al, J. Loss Prev. Process Ind., Vol. 22, pp. 721-727 (2009).
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Dicumyl peroxide (DCPO) is usually employed as an initiator for polymerization, a source of free
radicals, a hardener, and a linking agent. In Asia, due to its unstably reactive nature, DCPO has
caused many thermal explosions and runaway reaction incidents in the manufacturing process.
This study was conducted to elucidate its essentially hazardous characteristics. To analyze the
runaway behavior of DCPO in a batch reactor, thermokinetic parameters, such as heat of
decomposition (AHd), exothermic onset temperature (To), maximum temperature rise
(dT/dt)max, maximum pressure rise (dP/dt)max, and self-heating rate, were measured via DSC
and the VSP2. Meanwhile, adiabatic thermal runaway phenomena were then thoroughly
investigated by VSP2. The thermokinetics of DCPO mixed with acids or bases were determined
by DSC/VSP2, and the experimental data were compared with kinetics-based curve fitting of
thermal safety software (TSS). Results from curve fitting indicated that all of the above
mentioned acids and bases could induce exothermic reactions at even an earlier stage of the
experiments. To diminish the degree of hazard, hazard information must be provided to the
manufacturing process.

.“2-Methylpyridine-N-Oxidation Runaway Studies” by Saenz, L. et al, J. Loss Prev, Process Ind.,
Vol. 22, pp. 839-843 (2009).

Calorimetry has been used in order to identify the runaway behavior of 2-methypyridene-N-
oxidation (2-picoline-N-oxidation). Experiments were performed in an Automatic Pressure
Tracking Adiabatic Calorimeter (APTAC), employing 2-methylpyridine-N-oxide (2-picoline-N-
oxide) with or without catalyst, 2-methylpyridine-N-oxide, hydrogen peroxide, 2-methylpyridine
(2-picoline) and catalyst, and 2-methylpyrididine, hydrogen peroxide, and catalyst.
Approximately 16.5 g of aqueous solutions were used in 100 ml closed glass cells, in all but one
measurement. Measurements were performed isothermally or employing the Heat-Wait-Search
(HWS) technique. During reaction runaway, any excess of hydrogen peroxide and the produced
2-methyl-pyridine-N-oxide decompose releasing non-condensable gases and raising the
pressure. It was found that the reaction runaway is condition sensitive. Catalyst, the presence of
2-picoline and/or its N-oxide, affect hydrogen peroxide and/or 2-picoline-N-oxide decomposition
rates. Further research accompanied by analytical measurements of the gas and liquid phase
would provide indications in regard to the decomposition mechanisms followed in those cases.

.“A Simple, Explicit Formula for the Critical Pressure of Homogeneous Two-Phase Nozzle Flows”
by Moncalvo, D. and Friedel, L., J. Loss Prev. Process Ind., Vol. 23, pp. 178-182 (2010).

The critical pressure ratio of the homogeneous two-phase nozzle flow model known as the
Omega method is expressed as a function of the Omega Parameter as the exact numerical
solution of a transcendental equation. A well fitting, easy to use, explicit approximation for
flashing and non-flashing flows is presented here. The validation against the exact numerical
solution proves that this new formula is better fitting than the other ones in the technical literature
for both single and two-component flows.
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6th Global Congress on Process Safety

6™ Global Congress on Process Safety
San Antonio, TX
March 21-24, 2010

Registration is Now Open!

Register before February 8 to get early-bird registration rates!

http://www.aiche.org/Conferences/SpringMeeting/2010reqgistrationfees.aspx
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