INTRODUCTION

Exothermic chemical reactions are common in the Chemical Processing
Industry (CPI). Effective and safe design of these processes often
requires cooling for temperature control strategies. When the energy
generated by the chemical reaction exceeds the ability of heat removal, a
process referred to as “thermal runaway” ensues. A reactor runaway Is
characterized by an exponential increase in the rate of heat generation,
temperature, and pressure. Pressure build-up is typically observed during
a runaway due to an increasing vapor pressure of liquid components and
by the production of non- condensable gases. if pressure build-up
exceeds the design pressure of the unit or safety layers, an industrial
disaster follows. Besides the loss of reactor units due to an uncontrolled
conversion process, a runaway reaction may lead to severe damages,
thermal explosion, injuries, environmental impacts, and in cases loss of

lives.
OBJECTIVES

A Chemical Reactor Thermal Runaway condition is the result of a
complex interaction between reactor design variables. The detailed
solution of equations governing this phenomenon requires advanced
(graduate-level) background.

The main objective of this teaching resource Is to provide undergraduate
students with a tool they can use to examine the effect of different
variables on reactor performance and safety.

The MATLAB programming environment has the flexibility of adding
portability to applications (apps) through intuitive graphical user
Interfaces (GUI)..

Two Illustrations of applications developed by LeanChemE
(www.learncheme.com ) are shown below, these applications were
developed using Mathematica (Wolfram CDF Player). At CSU we use
MATLAB App Builder (Mathworks, Inc.)
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FORMULATING THE TEACHING MODULE CONCLUSIONS and FUTURE DEVELOPMENTS
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« Quiz: 35 Questions water inlet

e Submitting a Final Report Identification of the “point-of-no-return”

condition, (3) evacuation times once the

CASE STUDY “noint-of-no-return” condition is
reached, (4) design of pressure-control
August 1969 at 12:18 AM a reactor inside a two-story building at a Monsanto Plant (in Sauget, Illinois) exploded. valves, and (5) design of rupture disks.

The blast was due to a reactor rupture - a reactor used in the synthesis of ortho-nitroaniline from

; ) : Chemical reactors are known to be the key unit in determining the
orthonitrochlorobenzene (abbreviated as ONCB) and ammonia.

feasibility, marketability, and profitability of most processes involving

8l There were only 4 men inside the building at the time of the accident. All four miraculously survived. One man chemical transformations. This design scenario was selected for
was disabled 6 months. The others lost a total of 10 days. One witness described the explosion as something like a several reasons, chief among them were (1) its numerical complexity,
== tornado or four or five freight trains hurling at you. Another recalled hearing a hissing sound, followed by the (2) programming required to implement a robust numerical solution,
explosion, followed by the loss of his shoes, which were blown off in the blast. “If you can imagine what hell is and (3) its relevance in the design of a classical unit (typically at the
| like, you have a rough idea how it was.” This was a quote from one of the 4 workmen at the scene when the center of any chemical process). Extension to similar design
E4 accident occurred. The East St. Louis City hall, located 3 miles north, had one window broken, and residents were scenarios, and other processing units is planned for next semester.

awakened from their sleep in Belleville a community located 10 miles southwest of St. Louls.

OPEN ACCESS RESOURCES

The class selected to develop and test the first teaching module was the
upper-level junior class: CHE 404 Chemical Reactor Design. This class

IMPLEMENTATION and DEMONSTRATION

Pressure Relief Systems

Thermal Runaway in Chemical Reactors has enrollments ranging between 40-60 students.
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“What Pressure Relief Really Means,” CEP, Sept. 2010] time. . [min] materials; which motivated the development of these modules.
B NIST Chemistry WebBook
I P - A https://webbook.nist.gov/chemistry/ . ]
08, F = Thermal Runaway - Safety Layers in Design
CE¥T ACKNOWLEGMENTS

A B C Tmin. T max
Water 8.07131 1730.63 233.426 D1C :[:1::} The American Institute of Chemical Engineers (AIChE) provides free
Water 8.14019 1810.94 244.485 99 374

In

membership and access to educational resources to Chemical Engineering
majors (www.aiche.org/students/student-leader-resources )

—_
o

Here T is in degrees Celsius and the
vapor pressure P is in mmHg

L=
5
E‘J
@
Heat of vaporization for water is 40.65 kJ/mol %H e FeHeHe e e e Fe-He K .
prr= £ Process Safety Certificates are free of charge for Student members of the
T generated ~ Qernoved 3 American Institute of Chemical Engineers
e u A (T_TD)+ M g AH,,, R G ey | (www.aiche.org/ccps/education)
sl veie, > % QRemoved 0 LeanChemE (www.learncheme.com ) , an NSF-supported educational
Cooling lacket Rixfiane Dick &E,, 10% | : Initiative at the Colorado State University (Boulder), provides resources
5 JdT Qremoved =~ 0 : for the development of interactive modules and screencasts for Chemical
s | (Cch,mv)d—* —UA(T-T_)+m, | Reactor Design.
We note that the pressure-safety-relief disk should have ruptured when the g ‘ S P - The modules are being developed using the MATLAB Programming
critical (rupture) pressure (~ 700 psi) but did not and the temperature 3 +(_AHr )(=1, )V Environment (platform supported at CSU)
. . . . . . @ v
continued to rise. If the disk had ruptured, at 700 psi we know from fluid 5 Qgenerated This project was completed under initiatives sponsored by the CSU Center
mechanics that the maximum mass flow rate, , out of the 2-in. orifice to the 107 - oo e for Teaching Excellence, and the 2020 Textbook Affordability Program
atmosphere (1 atm) would have been 830 kg/min at the time of rupture. time. £, [min) (Michael Schwartz Library).
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