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Learning about process safety

n September 15, 2009 the US Che-
mical Safety and Hazard Investiga-
tion Board (CSB) issued its final
report on a runaway reaction incident which
occurred on December 19, 2007 at T2 Labora-
tories, Inc. in Jacksonville, FL, resulting in four
fatalities and 32 injuries.! The CSB identified
the root cause as “T2 did not recognize the
runaway reaction hazard associated with the

MCMT it was producing.” Some of the specific

findings from the CSB report include:

e The explosion was due to a runaway exother-
mic reaction in a chemical batch reactor
during the production of methylcyclopenta-
dienyl manganese tricarbonyl (MCMT).

e The runaway reaction occurred during the
first (metalation) process step. A desired
exothermic reaction in this step ran away
due to a cooling system failure, leading to
a second (undesired) exothermic reaction.

e The reactor cooling system lacked redun-
dancy and was vulnerable to a single-point
failure. There was no emergency cooling. The
pressure relief system was not designed to
relieve the second exothermic reaction, and
did not have sufficient capacity to prevent
the reactor from being overpressurized
beyond its failure pressure.

e T2 was likely unaware of the second exother-
mic reaction that occurred at the high tem-
perature which the batch reached following
cooling failure.

e T2 technical personnel did not have reactive
chemistry hazard experience. Most bacca-
laureate chemical engineering curricula in
the U.S. do not specifically address reactive
hazard recognition and management.

One thing that is particularly striking about
this incident report is the many similarities to
previous CSB incident investigations of reac-
tive chemistry incidents, including, for exam-
ple:

e Synthron Chemical Explosion, Morganton,
NC, January 31, 2006.

e MFG Chemical Inc. Toxic Gas Release, Dal-
ton, GA, April 12, 2004.

e Concept Sciences Hydroxylamine Explo-
sion, Allentown, PA, February 19, 1999.

! http://www.csb.gov/assets/document/
T2_Final_Copy_9_17_09.pdf.

e Morton International Inc. Runaway Chemi-
cal Reaction, Paterson, NJ, April 08, 1998.

I was especially interested in the similarities
between the 2007 T2 Laboratories explosion
and the 1998 Morton International explosion.
I have some familiarity with the Morton inci-
dent because my former employer, Rohm and
Haas Company, acquired Morton in 1999,
and I spent some time working with the
Paterson plant to improve process safety
management systems to prevent future inci-
dents. In both of these explosions, the
immediate cause was a single failure (to pro-
vide adequate cooling) resulting in loss of
control of the intended exothermic reaction.
The batch temperature increased to a point
where a second exothermic reaction (most
likely some kind of decomposition reaction)
occurred, generating even more heat and
non-condensable gas. Pressure relief systems
were inadequate for the unanticipated reac-
tion (which should not be surprising for an
“unanticipated” reaction). So, although the
proximate cause was a cooling failure, the
root cause was a lack of understanding of
the reactive chemistry hazard and its poten-
tial consequences. Because of this lack of
hazard awareness, the facility designers and
operators did not recognize the need for more
robust systems to control reaction conditions
(including temperature), and for adequate
emergency pressure relief based on gas gen-
eration from a runaway reaction. At Paterson,
the reactor manway blew off, and provided
sufficient vent area to prevent a complete
reactor rupture, but the material released into
the process building ignited and injured 9
people. The T2 Laboratories reactor did rup-
ture and the explosion caused the fatalities
and injuries. These two incidents are funda-
mentally identical:

e A lack of awareness of the potential for loss
of control of an intended exothermic reac-
tion results in inadequate temperature con-
trol systems.

e Failure to understand the potential for a
second exothermic reaction which occurs
when the batch reaches elevated tempera-
ture because of the loss of control of the
intended reaction.

e Failure to design appropriate emergency
pressure relief systems for runaway reaction
conditions.
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The CSB recommendations recog-
nize an important issue in preventing
reactive chemistry incidents in the
future. Specifically, the CSB recom-
mends that the Accreditation Board
for Engineering and Technology, Inc.
(ABET) and the American Institute of
Chemical Engineers (AIChE) work
together to add reactive hazard aware-
ness to baccalaureate chemical engi-
neering curricula  requirements.’
While the CSB has been criticized by
some for this recommendation for edu-
cation, rather than recommending
further regulation of reactive chemi-
cals, I believe the recommendation is
highly appropriate. Regulation of reac-
tive chemicals has been discussed for
many years, and has been controver-
sial because there is a lot of disagree-
ment on how to go about it. The issue is
not really “reactive chemicals”, but
rather “reactive chemistry”. Nearly
every chemical is reactive with some-
thing! 1t is almost impossible to put
together a list of “reactive chemicals”,
and, if you do that, the list had better
include water, which is a highly reac-
tive chemical when mixed with many
other materials. Water even reacts with
iron and steel, and this reaction has
caused at least one tank collapse that I
am aware of—a wet tank was comple-
tely closed off, the oxygen in the air in
the tank reacted with the steel tank (to
form rust), reducing the pressure in the
tank and causing it to collapse. So,
while additional regulations may be
appropriate, this has been recom-
mended in the past and is still being
discussed. But, recognizing a basic pro-

blem in the education of chemical

engineers has the potential to have a

greater long term beneficial impact.
The problem is really broader than

just incorporating education on reac-
tive chemistry hazards into chemical
engineering education. ABET require-
ments for accreditation of chemical
engineering programs include specific
criteria for “a working knowledge,
including safety and environmental
aspects, of material and energy bal-
ances applied to chemical engineering
processes.” The AIChE Code of Ethics
includes the following requirements:

e Hold paramount the safety, health
and welfare of the public and protect
the environment in performance of
their professional duties.

e Formally advise their employers or
clients (and consider further disclo-
sure, if warranted) if they perceive
that a consequence of their duties
will adversely affect the present or
future health or safety of their col-
leagues or the public.

But, in my experience with newly
hired engineers directly out of college,
and from talking to students, most
chemical engineering programs do
not accomplish this very effectively.
The CSB has pointed out one impor-
tant area which is not well covered—
reactive chemistry hazards. After all,
the degree is called chemical engineer-
ing, so is not chemistry and its hazards
an important aspect? There are others.
For example, it is possible, and in fact
likely, that a student can get a BS
degree in chemical engineering and

2 http://www.csb.gov/recommenda-
tions/details.aspx?SID=8.

3 http://www.aiche.org/About/
Code.aspx.

never learn that almost any solid mate-
rial that will burn can be a major explo-
sion hazard if it is ground up into a
sufficiently fine powder, dispersed into
the atmosphere as a dust cloud, and
ignited. Perhaps that is an important
root cause of dust explosions—a lack of
awareness of the potential hazard
because engineering students are never
taught about dust explosions.

We do not need to make all students
experts in all process hazards. What we
need is a basic awareness so that engi-
neers can recognize when they have a
potential hazard, and can find the
expertise to properly characterize
and manage the hazard. It does not
take much time to provide the basic
background and awareness. The
AIChE SAChE (Safety and Chemical
Engineering Education)* Committee
has produced a web based self-teach-
ing module on reactive chemistry
hazards. It takes a few hours to com-
plete, and covers the basic concepts. I
have taught a basic awareness seminar
on dust explosions many times for in-
house training programs and to college
students and it only takes an hour or
so. It does not make the students
experts - that takes years of study -
but it gives them enough information
to recognize hazards and look for
expert help. Surely we can find enough
time in a four-year chemical engineer-
ing program for a few hours to provide
basic awareness education for reactive
chemistry hazards, dust explosion
hazards, toxic hazards, fire and explo-
sion hazards, and other important pro-
cess safety fundamentals.

*http://www.sache.org.
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