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READ ME FIRST

The authors do not expect the average user to read through the entire manual in order to become
proficient in the use of the chemical reactivity evaluation Tool (RMT) however the novice would
be well served to study the following sections prior to attempting to use the program or follow
the step by stem instructions or worked examples:

e Entire Read Me First section

e Section 1 Introduction

e Section 2 Program Flow

e Section 4 Strategy

e Appendix D: Developing a Reactivity Management System.

The Table of Contents on the previous page has been set up to aid the user in quickly locating
information on a particular topic. Main topics with an * next to the name denote that this section
contains a more detailed table of contents to further aid the user in locating specific help within
that section.

EVERYONE:

It is strongly suggested you use the QUICK START section to properly install the program and
its independent supporting programs. More detailed step by step installation instructions are
located in Section 3.1 should the user require them. The program has some “quarks” which are
explained in the FAQ section. Reviewing theses two sections will save the user much time and
frustration.

It is critical that all users understand the objectives and limitations of the program and
how these might relate to your specific site objectives and goals. This information is presented
in the introduction section of this guide (pages 11 through 14).

The user, both experienced and inexperienced, will also benefit from reviewing the
programs block flow diagram located in section 2. Sections 2.1 gives a one page overview of the
entire program flow with links to four one page sub-routine block flow charts. Section 2.6
presents the entire program block flow with one to 2 sentence explanations of each block

After that, even the user knowledgeable in process safety evaluations, will benefit from
reading the STRATEGY section. Each strategy sub-section is a detailed how-to guide for the key
program inputs.

Look for the following icons that call out helpful suggestions or common mistakes

Helpftul PitFall
[Hint alert
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PROCESS SAFETY NOVICES:

For those new to process safety evaluation, the STEP BY STEP INSTRUCTIONS in section 3
are laid out such that the user is taken through the program screen by screen with detailed
information on the data required for each screen and how to obtain it.

Finally the WORKED EXAMPLES sections present detailed examples with screen by
screen instructions from data entry through evaluation and report generation. The novice would
be well advised to make full use of this section to practice process hazard evaluation.
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Legal Disclaimer and Limits of Liability
By downloading and using this software you agree to be bound by the following:

This software tool was developed to assist users by providing guidance for predicting chemical
reactivity of chemical mixtures. The outputs and guidance supplied by this program and the
associated Help Guide are not intended to fulfill the legal definition of a Process Safety
Management System.

User entered chemicals and data are evaluated based entirely on the user inputs. Users
must use their independent judgment in evaluating the program outputs and the information and
references presented in either the guide book or program text.

All results, both positive and negative, should be confirmed by an expert for validity prior
to incorporation into the user’s Process Safety Management System. For references on designing
a Process Safety Management System see the help guide.

It is sincerely hoped that this tool will lead to an even more impressive safety record for
the entire industry; however, the American Institute of Chemical Engineers, its consultants,
CCPS Subcommittee members, their employers, and their employers’ officers and directors do
not warrant or represent, expressed or by implication, including with respect to fitness, intended
purpose, use or merchantability, the correctness or accuracy of the content of the information or
calculation results presented by this software tool. As between (1) American Institute of
Chemical Engineers, its consultants, Unwin Company, CCPS Subcommittee members, their
employers, and their employers’ officers and directors and (2) the user of this software and
accompanying documents (Help guide and other documents), the user accepts any legal liability
or responsibility whatsoever for the consequence of its use or misuse.
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Preface

Incidents involving uncontrolled chemical reactions continue to result in injuries,
fatalities and economic loss and harm in industry. These incidents are often the result of not
identifying or understanding the chemical reactivity hazards involved in storage, mixing or
processing operations. The chemical reactivity evaluation tool (RMT) that this Help Guide
accompanies can be used as a consistent approach to identifying and evaluating chemical
reactivity hazards so that they may be effectively avoided or controlled.

The American Institute of Chemical Engineers (AIChE) has been closely involved with process
safety and loss control issues in the chemical and allied industries for more than four decades.
Through its strong ties with process designers, constructors, operators, safety professionals, and
members of academia, AIChE has enhanced communications and fostered continuous
improvement of the industry’s high safety standards. AIChE publications and symposia have
become information resources for those devoted to process safety and environmental protection.

AIChE created the Center for Chemical Process Safety (CCPS) in 1985 after the
chemical disasters in Mexico City, Mexico, and Bhopal, India. The CCPS was chartered to
develop and disseminate technical information for use in the prevention of major chemical
accidents. The center is supported by more than 140 chemical process industry (CPI) sponsors
who provide the necessary funding and professional guidance to its technical committees. The
major product of CCPS activities has been a series of guideline books to assist those
implementing various elements of a process safety and risk management system. This Help
Guide and software tool is part of that series.

The Reactivity Management Roundtable (RMR) was founded in 2003 by a small group
of process safety professionals that meet independently of both AIChE and CCPS with the goal
of reviewing the newly published Chemical Safety Board Reactive Hazard Investigation report®
that analyzed 167 serious chemical reactivity incidents over a twenty year period in order to
recommend best practices that could reduce or eliminate reactivity incidents in the future. The
group quickly swelled to over 100 members. Because most of the members were also AIChE
members a strong association was forged between AIChE and the RMR which soon lead to the
adoption of the RMR as an AIChE CCPS subcommittee. The first RMR meeting was held in Las
Vegas, NV in October of 2003. The initial idea was to publish a traditional best practices guide
book on the subject of chemical reactivity management. Later the idea evolved into a computer
aided chemical reactivity incident prediction tool. The RMR officially requested CCPS project
status and funding in 2009 in order to begin the task of producing a computer tool to predict
chemical reactivity risks in the workplace. The Committee has been all volunteers. CCPS
funding was only used for computer programming and technical writing services.

The work of the committee has always been directed toward part time process safety
specialists who own or are employed by small to mid-size firms where chemicals are stored,
handled or used. It was anticipated that these specialists would be employees actively engaged
in primary functions other than process safety, and thus would not have the skills to assess that

! “Improving Reactive Hazard Management” (CSB 2002)
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reactivity hazard risk themselves nor the funds to employ a Process Safety Professional or
Consultant to assess the risk for them. It is sincerely hoped that this product will help identify
chemical reactivity risks within the workplace and direct the user, owners and managers of those
at risk workplaces to resources to aid in quantifying and remediating that risk. This computer
program is not designed to fulfill any legal requirement for a Chemical Reactivity Management
system but it is hoped that it will form the basis for developing a strong Chemical Reactivity
Management System.

As a word of warning users should be mindful of the security of the data entered into this
program as it could be exploited by individuals or groups wishing to disrupt operations or
otherwise cause harm to the company or community

The Help Guide is not meant to be read in its entirety but rather used as a reference when
problems or further discussions are needed. The table of contents is designed to facilitate finding
information as needed. By clicking on topic, you will be sent directly to the information you
requested.
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Quick Start

Refer to the section 3.1 for detailed step by step instructions.

Reactivity Management Tool Hardware Requirements:

1 gigahertz (GHz) or faster 32-bit (x86) or 64-bit (x64) processor

1 gigabyte (GB) RAM (32-bit) or 2 GB RAM (64-bit)

DirectX 9 graphics device with WDDM 1.0 or higher driver

50 MB Space required for Reactivity Management Tool installation.
400 MB of available hard-disk space

800 x 600 minimum screen resolution and 256 colors

Mouse or other compatible pointing device

PDF reader program

Installation

Download the latest version of the Reactivity Management tool from the AICHE web site onto
your computer’s hard drive.

Run the installer and follow the on-screen prompts.

Before starting the Reactivity Management tool you must download and install two prerequisite
programs as follows:

.NET framework 4.0 is required. Please download and install from this location.
http://www.microsoft.com/download/en/details.aspx?id=17851&WT.mc_id=MSCOM_EN_US
DLC DETAILS 1211L.SUS007996. Follow the prompts as requested.

SQL 2005 Express edition is required. Please download and install from this location.
http://www.microsoft.com/downloads/en/details.aspx?FamilylD=220549b5-0b07-4448-8848-
dcc397514b41 . Download the file: “SQLEXPR.exe” and run.

When installation is complete of the above programs, start Reactivity Management tool from
your computer’s desktop or Programs menu (Programs / Reactivity Management Tool /
Reactivity Management Tool).

Step through the program, answering the questions and entering all information on each screen
as you come to it.

IMPORTANT
Copy files RMTHelpguide.pdf and Fast_Start.pdf to the RMT install directory (choose replace
when warned that file already exists)
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1 Introduction

This computer program and help guide book should be used as an aid in identifying
possible chemical reactivity risks within your operations. Many times these risks are well hidden
and their identification requires a thorough analysis of what might go wrong in your operations.
Particular thought and care should be taken in understanding the Chemical Interaction Matrix
where binary chemical reactivities are identified and the Scenario generation area where the user
is asked to identify both intended operations and unintended-operations. This analysis is best
done by a team including those familiar with manufacturing technology, chemistry, reactive
chemical testing, and operations.

The binary chemical interaction section of the program is identical to the NOAA
CAMEO CRW?2. The CRW?2 is based on functional group reactivities®. Because a great number
of chemical reactivities must be predicted by the program, many false positives can be generated
- these must be identified and removed from the results to avoid wasting resources on
unnecessary risk remediation. CRW2 seldom gives false negatives but user must always be
aware that the possibility exists for missing a significant interaction based on heretofore
unknown chemical reaction or on the unique characteristics of a molecule that might allow an
unusual reactivity to occur between normally unreactive functional groups. This is one reason
why a team approach is best. At least one of the 167 CSB incidents® involved the inadvertent
introduction, on large scale, of a contaminate not previously known to be a reaction catalyst — a
lesson in the dynamic and evolving nature of chemical and scientific knowledge that cannot be
captured in a static reactivity prediction tool and the need for reactive chemical testing.

The warehouse segregation section of the program is based on the work of Chastain, et al
2008%. Some modifications have been made to their suggested segregations by the committee.

The Scenario identification section offers the “expert” user the opportunity to enter fault
scenarios generated from a formal Process Hazard Analysis (PHA) but also contains an informal
question and answer section where an experienced engineer or better yet a team as discussed
above can generate many of the results that would come from a formal PHA. Extreme care
should be taken in this section to closely examine all process unit operations one at a time while
answering the computer generated questions. The CSB Hazard Investigation report concluded
that only 25% of the reactive chemical incidents analyze occurred in reactors. Care must be
taken to analyze process equipment where reaction is not intended. It is hoped that a team of
hands-on experts on the process would answer each question for each unit operation reviewing
flow sheets and piping and instrument diagrams and reactive chemical data and test results.
Visiting the processing area to examine ideas for possible failure modes is strongly
recommended. This will yield a much more satisfactory result than a lone expert at a keyboard
reviewing the process from memory.

2 Johnson,L.E. and Farr, J.K., CRW 2.0: A Representative-Compound Approach to Functionality-Based Prediction
of Reactive Chemical Hazards http://response.restoration.noaa.gov/book_shelf/1862 Paper CRW?2.pdf

® Chastain, J. Wayne, Doerr, William W., Berger, Scott, Lodal, Peter N.: Avoid Chemical Reactivity Incidents in
Warehouses, CEP, (2008) Vol. 104, No. 2
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1.1 Background

The AIChE defines a chemical reactivity hazard (also known as a reactive chemical
hazard) as a situation with the potential for an uncontrolled chemical reaction that can result
directly or indirectly in serious harm to people, property or the environment. Reactivity
management is the application of management system principals to control chemical reactivity
hazards. A strong reactivity management system is based on four simple principles: Inform,
Implement, Communicate, Verify. The CCPS publication Essential Practices for Managing
Chemical Reactivity Hazards (Johnson et al., 2003)* contains a detailed discussion on reactivity
management and how it can be implemented.

Chemical reactivity management is important because reactivity hazards have been
involved in some of the most severe industry incidents in history including:

. The 1975 runaway reaction in Seveso, Italy that resulted in the contamination of several
square miles of land with dioxin, a toxic chemical. This incident resulted in regulations requiring
extensive safety analysis before constructing new chemical facilities in Europe.

. The 1984 methyl isocyanate release in Bhopal, India that resulted in over 2000 fatalities
because of the exposure to this toxic chemical. This incident significantly damaged the financial
condition and reputation of Union Carbide, the joint owner of the facility, leading to its eventual
acquisition by the Dow Chemical Company.

. The 2001 massive ammonium nitrate explosion in Toulouse, France that resulted in 30
fatalities, 2500 injuries, damage to nearly a third of the city of Toulouse, and permanent closing
of the facility involved in the incident.

. In 2009 a runaway reaction and explosion during the routine production of a gasoline
additive at T2 Laboratories in Jacksonville FL killed 4 and hospitalized 13 others. The entire
site was leveled and several nearby buildings severely damaged. The company never resumed
operations. This incident highlighted the need for the inclusion of process safety and reactive
chemicals in the undergraduate chemical engineering curriculum.

Numerous other recent incidents could also be cited. The U.S. Chemical Safety and
Hazard Investigation Board report entitled “Improving Reactive Hazard Management” (CSB
2002) * analyzed over 167 serious reactive chemical incidents that occurred over a twenty year
period from January 1980 to June 2001. The primary objective of the chemical reactivity
evaluation tool discussed in this Help Guide is to allow users, especially small to medium size
companies, to identify most chemical reactivity hazards in their chemical processing and support
operations so that serious reactive chemical incidents like those discussed can be prevented.

* Johnson, Robert. W.; Rudy, Steven W.; Unwin, Stephen D. (2003). Essential Practices for Managing Chemical
Reactivity Hazards.. Center for Chemical Process Safety/AIChE.

Online version available at:

http://www.knovel.com/web/portal/browse/display? EXT_KNOVEL DISPLAY_bookid=898&VerticallD=0
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1.2 Objectives

The purpose of this document is to serve as a “help guide” for the chemical reactivity
evaluation tool by describing the tool and assisting users in its application
Together, the chemical reactivity evaluation tool and help guide have the following objectives:

. Allows users, especially small to medium size companies, to identify most chemical
reactivity hazards associated with their chemical processing and support operations.

. Emphasize ease of use for non-experts.

. Direct users to CCPS documentation and other references of the best chemical
engineering practices for the identification of reactivity hazards.

. Briefly summarize the targeted CCPS documentation in the directions for inputting data.

. Provide sufficient Help Screens and examples so that users gain an understanding of how

to use the chemical reactivity evaluation tool.

1.3 Limitations

The chemical reactivity evaluation tool can only assist the user in identifying reactivity
hazards. The software tool is designed to complement the user’s understanding of known
reactivity hazards. There is no guarantee that all reactivity hazards will be identified. Also, the
results obtained from using the software tool can be no better than the accuracy and
completeness of the information entered into the program.

Warehouse segregations based are based on the DOT codes entered for each chemical.
The recommended segregations must be checked against the Chemical Reactivity Binary
interaction matrix as well as special hazards codes to make sure incompatible materials are
properly segregated. Hidden hazards like storage of large quantities of water reactive materials
in a warehouse that is fire protected by a water spray or water deluge system must also be
thoughtfully considered.

Chemical reactivity is assessed by the program using a functional group approach. This
can lead to errors. All predictions should be checked by either experiment or a competent
chemist trained in chemical synthesis and chemical reactions.

The scenarios generated by the user are only assessed on thermal and pressure hazards.
Serious risk can exist in many other forms such as toxicity or damage to the environment that are
not addressed in this program. Generalized “rules of thumb” are utilized to screen out those
scenarios that are unlikely to pose “serious” risks. It should be understood by the user that these
“rules of thumb” may screen out as “unlikely to pose a serious risk” scenario consequences that
the user or the user’s affiliated company may find unacceptable. The protocol in the computer
program is targeted to identify only 80% of the 167 serious incidents listed by the CSB*. The
CSB did not consider an incident “serious” unless there were fatalities or injuries and severe
property damage, or a significant impact to the public outside the perimeter fence of the facility.
You and or your company may have a much more conservative idea of what a “serious’ incident
looks like. One major international chemical company with a strong reactive chemical program
often reports over 90 reactive chemical incidents per year because employees are encourage to
report near misses and minor incidents so they may be investigated. Lessons learned from the
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investigation of near misses and minor incidents can prevent major incidents. It should be noted
that the CSB’s version of “serious incident” usually results in severe restrictions on the
company’s freedom to operate within the local community often resulting in facility closure and
more than occasionally the insolvency of the facility owner. (See section 1.1)

Once reactivity hazards have been identified, appropriate safeguards must be
implemented to contain and control the chemical reactivity hazards. As previously discussed,
management systems must also be developed and implemented to ensure procedures are in place
to identify and control the hazards. See Appendix D

The software tool does not address oxidation reactions (burning) of ordinary flammable
and combustible materials, including combustible dusts. However, it does identify and evaluate
the hazards of oxidizers, organic peroxides, spontaneously combustible and pyrophoric
materials. It does not assess the toxicity risks of a scenario or release nor does it consider
environmental impact.

In addition, the software tool is not intended to be used to determine what materials of
construction are appropriate to use to contain or convey reactive materials.”

1.4 Approach

The approach used in this Help Guide is to walk the user through the chemical reactivity
evaluation protocol in Section 2 that describes how the program works, to provide a detailed
discussion on how to use the software tool including installation and help screens, and to provide
examples of the use of the chemical reactivity evaluation tool. The intent of this Help Guide is
to assist the user in becoming proficient in the use of the chemical reactivity evaluation tool.

1.5 Intended Audience

The intended users of this Help Guide and the chemical reactivity evaluation tool are
engineers, chemists, and management, particularly in small to moderately sized companies, who
have responsibilities related to the safe handling of chemicals.

The tool can be used by experienced process safety professionals as well as less-
experienced personnel who have a basic educational background in chemistry or chemical
engineering.

® For a database of material compatibility and chemical resistance see http://www.coleparmer.com/Chemical-
Resistance, Last accessed Jan 09, 2012
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2 Program Flow

2.1 Primary Flow Chart

(_ Start protocol )
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Following this protocol may
result in overly conservative
results for your facility

End protocol

Continue
with protocol?

No
1G v 1p
List all chemicals used or
stored in process/storage area R Q
- 7’| Evaluate pure-component
""""" reactivity hazards
1H \4
Enter all chemicals 1Q N
into software tool
2.3
Evaluate chemical
interaction hazards
All chemicals Yes
in database? 1R
2.4
Develop chemical reactivity
: - — scenarios
: | Determine reactivity groups and —
enter custom chemical(s)
| 1S \4
y 2F 2.5
A\ 1K Evaluate heat release and
Consultation with a chemist gas generation hazards
and/or chemical reactivity Manually
Enter DOT Code testing may need to be document these 1T
performed for mixtures with concerns Print reactivity

these chemicals

1M
Yes \ No
Warehousing >
only?
1IN
Review Yes
remainder of
oto 10
No Output warehouse
segregation document
_
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2.2 Evaluate Pure Componant Reactivity Hazards

2A

2D
Is any Direct data Obtain guidance on
substance identified to Physical spontaneously com-
as spontaneously combustible Processing bustible or pyrophoric
or pyrophoric? Report materials

Direct data

Is any to Physical User should obtain
substance identified Processing guidance
as an oxidizer? Report on oxidizers

Direct data

y to Physical Users should obtain
substance identified Processing guidance on
as a peroxide former? Report Peroxide formers

Direct data
to Physical
Processing
Report

Is any
substance identified
as self-reactive?

Users should obtain
guidance on
self-reactive materials

Direct data
to Physical
Processing
Report

Is any
substance identified
as water-reactive?

Users should obtain
guidance on
water-reactive materials
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2.3 Evaluate Chemical Interaction Hazards

3A ( From1Q ’

Compare reacting groups
for pairs of entered
chemicals to predict binary
interactions

y

Direct interaction
worksheet to
processing
report
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2.4 Develop Chemical Reactivity Scenarios

|

Hasa
PHA been completed for
this process?

4A

i

4B

Manually enter
PHA scenarios
with reactivity

Direct data
to Report

A A

Users should develop list of reactions to be evaluated:
1. Self-reactivity (decomposition, polymerization, isomerization, etc.)
2. Intended reactions and identified side reactions
3. Additional scenarios (reaction hazards) identified by Hazard Evaluation

Are there
any significant ternary
interactions?

Yes

4F

and/or chem

Consultation with a chemist

testing may need to be
performed for these mixtures

ical reactivity

Y

Manually
document these
concerns

Go through

RMT checklist
Yes Also?

I
Identify »| Manually enter Direct data
loss of utility scenario(s) to Report
scenarios I
4] ¢(
: R
Identify
process variation or upset > Manually enter Direct data
scenarios scgpario(s) to Report
4K N I
P
Identify
energy input variation > M:S::!%:(Z;er Direct data
scenarios to Report
4L < |
—
Identify ]
mechanical failure > M:g:sg%&z;er Direct data
scenarios to Report
M \2
—
Identify inadvertent mixing )
and wrong material of > M:S:r?!}r/i:(g;er Direct data
construction scenarios to Report
4N < |
P
[dentify
human error Manually enter Direct data
scenarios scenariofs) to Report
40 v
. P
[dentify
any other chemistry »>| Manually enter Direct data
occurring scenario(s) to Report
A *
A4
To 1S
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2.5 Evaluate Heat Release and Pressure Generation Hazards

5A
( From1s ’

5C Y

Are there
other reactions to be
evaluated?

Proceed to evaluate Yes

one reaction at a time

5D \ 4
Determlne. heat
of reaction —

Is
heat of reaction
> 420 kdlkg?

No

S5F 5L \4
Determine maximum 5| Determine maximum
>
adiabatic temperature rise reaction pressure
5G \ 2 5M \ 2
Define temperature Define pressure
of concem of concem

« y

5]

50

5N

No Based on the data entered and

Based on the data entered and
for generally accepted rules of 9]

for generally accepted rules of

maximum pressure

maximum temperature
> press. of concern?

2 . .
2 lemp. of concern th“rbt;,m's sfcena;!o has a low > thumb, this scenario has a low
probability of creating a serious - . )
5H hermal event  see help guide probability of creating a serious
5K y Yes 5p

Safety of system cannot

be determined based on

thermodynamics; kinetic
evaluation is required.

Safety of system cannot

be determined based on

thermodynamics; kinetic
evaluation is required.

Seek additional guidance

Seek additional guidance
for this reaction.

for this reaction.
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2.6 Overview of Workflow and Chemical Data Entry

The primary Flow page (section 2.1) of the RMR Flowchart, the top of which is shown below,
shows the overall workflow for the chemical reactivity evaluation tool. The individual steps
involved are explained in detail by the identifiers next to each flowchart block (1A, 1B, etc.).
For detailed step by step program instructions illustrated with screen shots see section 3.2

1 (start protocol )

1A L 4 ig
Limit scope to something less .| Enter name of process and
than an entire production site 7| facility and date of evaluation

il

Enter names of evaiuation
team members

'

1A Limit the scope to something less than an entire production site

The reactivity hazard evaluation protocol will best be applied to one chemical process or unit at a
time. Attempting to apply it to an entire production site will generally be too cumbersome. See
section 3.2.3

For example, say a company named Charbroiled Chemicals owns a production facility that
includes a warehouse and process units making ethylene, chlorine, and vinyl chloride. In this
case, the protocol would best be applied four times, once for each of the three process units and
once for the warehouse.

1B Enter name of process and facility and the date of evaluation

For the ethylene process unit in the 1A example, Ethylene Unit could be entered as the “Name of
process being evaluated,” and Charbroiled Chemicals as the “Facility name.” The “Date of
evaluation / update” can be entered as the evaluation starting date, the evaluation completion
date or the date of the most recent update, but should be consistently applied.

1C Enter names of evaluation team members

The number of team members required to complete the chemical reactivity evaluation will
depend on a number of factors. Sufficient team members should be present or available to
accurately answer all questions. The evaluation needs to be completed by a team that
collectively has knowledge of the process chemistry, chemical reactivity hazards, process
equipment and controls, process technology and processing operations.
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End protocol

iE No

Following this protocol may
| result in overdy conservaive -
results for your fackty

1D Laboratory-scale facility?

The RMR protocol is not designed for laboratory-scale reactions and processes. For this reason,
a 30-gallon screen has been included in the flowchart. The user is asked to specify whether the
process being evaluated has any vessels or containers with a volume greater than this amount.
See “Laboratory Scale ” in the glossary.

1E Caution statement

If the process is laboratory-scale, a caution is given that following the RMR flowchart with a lab-
scale process may result in overly conservative results.

Alink is given to the OSHA Lab Safety Standard, 29 CFR 1910.1450, with an explanation of its
applicability. Note that in this OSHA standard, “Laboratory scale” is defined from a different
perspective:

1F Continue with protocol, even if a lab-scale facility?

The evaluation team is given the opportunity to proceed through the remainder of the protocol
for laboratory-scale facilities and take advantage of any portions that may be applicable and
helpful in identifying and evaluating chemical reactivity hazards.

If it is decided not to proceed through the remainder of the protocol, then the question is asked
whether the evaluation team has other processes to evaluate. If so, then the team is taken back to
the beginning of the program for entry of another process name. If not, then a summary report of
the evaluation up to this point can be printed before exiting the program.
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|l
1G v
List all chemicals used or
stored in process/ storage area

i 1H

Enter all chemicals
into software tool

All chemicals
in database?

No

Determine reactivity groups and
enter custom chemical(s)

Y

1G List all chemicals used or stored

If the process being evaluated is not laboratory-scale, or if the evaluation team wishes to proceed
with a lab-scale process, then the first major step is to compile a list of all chemicals that are
expected to be used or stored in the process area, plus those that may potentially be involved
under abnormal or unusual situations. The list of chemicals can be compiled either off-line
before proceeding with the evaluation, or can be generated at the same time as they are entered
into the software in the next evaluation step. For help selecting the required chemicals See
section 4.1

1H Enter all chemicals into the software

All of the chemicals compiled in step 1G are now entered one at a time into the software tool.
This list of chemicals forms a database that will be used throughout the remaining steps of the
evaluation. The user should obtain the MSDS for the chemicals to be entered. If the chemicals
are custom or there is not a MSDS available , the user should search the literature for DOT
hazard data.

The evaluation tool contains the same database of over 5,000 chemicals that is used by the U.S.
National Oceanic and Atmospheric Administration’s Chemical Reactivity Worksheet, or CRW2
(NOAA 2009). The user can search (see section 3.2.6.1) for a chemical by name or synonym,
by Chemical Abstracts Service (CAS) number, or by UN/NA or DOT number.

Custom chemicals. If the correct chemical cannot be found by using the search features,
such as for unusual or proprietary chemicals, then it will need to be entered as a “custom
chemical” along with its associated reactive group(s) of the material in order for it to be included
in the chemical reactivity evaluation. More information on determining reactivity groups and
entering custom chemicals is given in Section 3.2.6.2 of this Help Guide.
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—

1J 1L
\ 1K

Yes Consultation vath a chemist

] and/or chemical reactivity Manually

Bz o testing may need to be document these
performed for mixtures with concems

these chemicals
No

Missing Chemical Data- This part of the program performs two functions it serves as a
double check for custom chemicals and is an input form for the DOT labels for all NOAA
chemicals. The DOT codes are required for the warehouse segregation function. The program
will not allow the user to continue until all required data is entered. See section 4.2 For help in
determining the proper DOT codes.

remainder of
protocol?
10

Output warehouse
segregation document

End protocol )

1M Warehousing only?

Warehousing here means storing or transporting materials where the containers are never
opened. The approach for warehousing is significantly different than that taken for physical or
chemical processing. Warehousing poses fewer opportunities for an uncontrolled reaction to take
place than for physical processing or intentional chemistry, so fewer measures are needed to
contain and control the chemical reactivity hazards.
1IN Review Remainder of Protocol?

A user who is only warehousing prepackaged materials in unopened containers is not required by
the protocol to go through the more rigorous evaluation of the physical and chemical processing
portions, but is given the option of continuing with the more rigorous evaluation if desired.

10  Warehouse report

If the process involves chemical warehousing only, then the chemical reactivity evaluation report
generated at this step will include process identifying information, evaluation team members, a
chemical listing and a warehouse segregation document (section 3.2.11.1), which is a matrix that
provides recommendations for warehouse segregation of chemicals based on reactivity concerns.
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1P Chemical reactivity evaluation protocol, Sheet 2

1P For each chemical entered the following pure-component chemical
2 reactivity properties are automatically identified by the software tool
E"“'r“e";‘fﬁpv';t;ef:z’;‘fd°s“°"‘ using the NOAA Chemical Reactivity Worksheet database:
e 1 e Highly Flammable
z e Explosive
Evaluate chemical e Polymerizable

interaction hazards

e Strong Oxidizing Agent
e Strong Reducing Agent
e \Water-Reactive

iR 4

4

Develop chemical reactivity

scenarios e Air-Reactive
15 v e Pyrophoric
s e Peroxidizable Compound

Evaluate heat release and
gas generatlion hazards

-
1Q  Chemical reactivity evaluation protocol, Sheet 3

After the evaluation of the pure-component hazards of the materials, the chemical interaction
hazards need to be identified that could have a consequence of concern.

Section 2.3 shows the detail of this process.®

1R Chemical reactivity evaluation protocol, Sheet 4

It is necessary to identify not only normal reactions and possible self reactivity concerns, but also
to determine credible upset conditions and the possible reactions that could result from these
conditions.

This step in the protocol refers the user to Sheet 4 for developing a list of possible incident
scenarios that could involve abnormal or uncontrolled chemical reactions, with stepwise details
given in Section 4.4.

e Radioactive Material

1S Chemical reactivity evaluation protocol, Sheet 5
The user is taken next to the steps on Sheet 5 of the flowchart, detailed in Sections 4.5 through
4.9, Each scenario is evaluated individually for heat release and pressure generation hazards.

® For further information see NOAA: Johnson,L.E. and Farr, J.K., CRW 2.0: A Representative-Compound Approach
to Functionality-Based Prediction of Reactive Chemical Hazards .
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iT ¥

Print reactivity
evaluationdocument

Develop chemical reactivity
management system for all
scenarios of concern

I

1T Full report

The Print Report button prints the full chemical reactivity evaluation report, including the
warehousing segregation document described earlier at step 1L. (see section 3.2.11)

1U Management system

The information generated in the chemical reactivity evaluation protocol, including the hazards
identified as requiring additional evaluation, have been given to the user in a report that can be
used as the starting point for developing and implementing a Chemical Reactivity Management
System to contain and control the identified chemical reactivity hazards and to provide
preventive and mitigative safeguards for managing the risks associated with the identified
scenarios of concern. See Appendix D
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3 Program Usage

3.1 Installing and Starting the Program
Link To Full TOC

Table of Contents

3.1.1 System HardWare REQUITEMENTS .......uiiieiiiiecieee e citeeeete e e et e e e st e e s ette e e stveeeesatseeeeasseeessseeeassseeeansseeeenssenenn 26
I Y o VY Tl U= [V 4= 0 T=T o PP P RSP 26
3.1.3 Downloading the Reactivity Management Tool and required prerequisite programs........ccceecveeeecveeesinneenn. 26
I VYT o [o VYA L T 0 ) = | PSPPSR 27
3.1.5 Windows 7 INStall (64 @nd 32Bit) .......ceeeeciiiiiiieeeiiieeeeciee et e e e st e s e tte e e staeeeesatseeeesaeeesasseeeestseeeannnaeesnnreeens 35
3.1.6 Executable and Database File location and descriptions..........ccocuiivieriiiiiieniii e 45
3.1.7 Exporting / Importing the RMT ProCess ANalYSiS.......cccieiiiiieieeiiieeeieeeeieeesieeeiteeesreeesteeesaeeeeaseessaeessseessseensnens 46

3.1.1 System Hardware Requirements

1 gigahertz (GHz) or faster 32-bit (x86) or 64-bit (x64) processor

1 gigabyte (GB) RAM (32-bit) or 2 GB RAM (64-bit)

DirectX 9 graphics device with WDDM 1.0 or higher driver

50 MB Space required for Reactivity Management Tool installation.
400 MB of available hard-disk space

800 x 600 minimum screen resolution and 256 colors

Mouse or other compatible pointing device

3.1.2 Software Requirements

Before staring the program you must download and install two prerequisite programs as follows:

This software has only been tested on Microsoft Windows XP and Windows 7

.NET framework 4.0 is required. Please download and install from this location.

http://www.microsoft.com/download/en/details.aspx?id=17851&WT.mc_id=MSCOM EN _US
DLC DETAILS 1211L.SUS007996.

e  SQL 2005 Express edition is required. Please download and install from this location.
http://www.microsoft.com/downloads/en/details.aspx?FamilylD=220549b5-0b07-4448-8848-
dcc397514b41 .

3.1.3 Downloading the Reactivity Management Tool and required prerequisite
programs

1. Download the latest version of the Reactivity management Tool from the AICHE website
onto your computer’s hard drive.
2. Download SQL Express 2005 and .NET Framework 4.x using links above
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3.1.4 Windows XP install
e You must have administrator rights

I

RMTSetup.msi

The publisher could not be venfied. Are you sure you want to

run this software?
Mame: RMTSetup.msi
Publizher: Unknown Publisher
Type: Windows Installer Package
From: <:\Documents and Settingsic034431\Deskiop

[ Bun ] [ Cancel

Always azk before opening this file

publizher. “Y'ou should anly run software from publishers you trust.

@ This file does nat have a valid digital signature that verifies its
Howe can | decide what software bo mn?

e Choose Run

e Choose Next

e Select the default directory C:\Program Files\AIChE\Reactivity Management Tool\
e And “everyone

i Reactivity Management Tool

Select Installation Folder (/)

The installer will install Reactivity Management Tool to the following folder.

Ta install in this folder, click "Nest". To install to a different folder, enter it below or click "Browse'.

Folder:

C:%Program Files\AIChE R eactivity b anagement Toalk Browse...

Inztall Reactivity Management Tool for yoursell, or for anyone who uges this computer:

O Just me ‘

[ Cancel ] [ < Back ] [ Mext > l

e Press Next on this screen and the next screen
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® download SQL 2005 Express and NET framework 4.0 from the links in 3.1.2
Run the installer dotNetFx40_Full_x86_x64.exe from the directory you specified during the
download.

 Open File - Security Warning
| Do you want to run this file?

Mame: dotMetFedD Full x86 x64 exe
Publisher: Microsoft ion

Type: Application
From: F:

Rn | [ Cancel

¥ Mways ask before opening this file

patentialhy ham your computer. Onby run saftware from publishers

While files from the Intemet can be useful, this file type can
you trust. What's the risk?

Check the Read and accept box and press install

Es Microsoft NET Framework 4 Setup =10 x|

.NET Framework 4 Setup N
Flease accept the license terms to continue. Micrasol

-
1
MICROSOFT SOFTWARE d
¥ I have read and accept the license terms. il il
Download size estimate: oMB
Download time estimates: Dial-Jp: 0 minutes

Broadband: 0 minutes

[ Yes, send information about my setup experiences to Microsoft Corporation.

For more information, read the Data Collection Policy.

Install I Cancel
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E& Microsoft .NET Framework 4 Setup o ] 4|
Installation Progress N
Please wait while the .NET Framework is being installed. MknEof_F
File security verification:
Verifying RGBIRAST_x86.msi
Installation progress:
Cancel

Wait while the installer does a file security check and then installs the client. This can take a
very long time.

L Microsoft NET Framework 4 Setup o ] 4

Installation Is Complete

MET Framework 4 has been installed.

—%

Windows will ask you to reboot now. This is optional until after you have installed the SQL
Express 2005.
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Run the file SQLEXPR.EXE from the directory you selected during the download.

™ Microsoft SQL Server 2005 Setup

End User License Agreement

HICROSOFT SOFTWARE LICENSE TERMS
HICROSOFT SOL SERVER 2005 EXPRESS EDITION
These license terms are an agreement between
Hicrosoft Corporation (or based on whers wou
live, one of it= affiliates) and wvou. Flease
read them. They apply to the =software named
above, which includes the media on which wou
Hicro=oft

* nypdates.

* sypplements,

* TInternet-baszed =ervices. and

* support services

[~ | accept the licensing terms and conditions

received it, if any. The term=s also apply to any

Print Hewis | Cancel |

Check the accept box and press next

¥ Microsoft SQL Server 2005 Setup ﬂ
Installing Prerequisites
Installs software components required prior to installing SQL
Server. -

i SQL Server Component Update will install the following components ;[
I required for SQL Server Setup:

Microsoft SQL Mative Client
Microsoft SQL Server 2005 Setup Support Files

Click Install to continue.

Install I Cancel

Press Install
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™ Microsoft SQL Server 2005 Setup X|
Installing Prerequisites
Installs software components required prior to installing SQL
Server. >
SQL Server Component Update will install the following components ;[
reguired for SQL Server Setup:
¥ Microsoft SQL Mative Client
¥ Microsoft SQL Server 2005 Setup Support Files
The required components were installed successfully.
|
Mext > [Cateel |
Press next
The installer will do a configuration check
Microsoft SQL Server 2005 Setup
| System Configuration Chedk
> |

| S0L Server Setup is scanning your computer's configuration. ..

i Microsoft SQL Server 2005 Setup x|

Press Next when the screen
At right comes up. - e

Welcome to the Microsoft SQL
Serverlinstallation Wizard

Setup will help you install, modify or remove Microsoft
SQL Server. To continue, click Next.
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{2 Microsoft SQL Server 2005 Setup x|
System Configuration Check
Wwiait while the system is checked for potential installation
problems.
nalll
@ 12 Total 0 Error
Success 11 Success 1 Wwarning
Details:
_I Action | Status | Message |;|
@ 50L Server Edition Operating System ... | Success
Ay Minimum Hardware Reguirement Waming Messaoes...
@ Pending Reboot Requirement Success
@ Default Installation Path Pemission Re... | Success
@  Intemet Explorer Requirement Success
@ COM Plus Catalog Requirement Success
@ ASP.Met Version Registration Require... | Success
@ Minimum MDAC Version Requirement Success
Filter w | Stop | Feport w |
! Help | Next >

Press Next

i Microsoft SQL Server 2005 Express Edition Setup ]

Microsoft SQL Server Installation
Setup is preparing to continue with the installation.

E Please wait whilz setup prepares to continue with the installation.

Status: Preparing Installation Wizard

Help | = Back lext = | Cancel
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Your registration information will be requested. Press Next

ii-.% Microsoft SQL Server 2005 Express Edition Setup il

Feature Selection
Select the program features you want installed,

Click an icon in the following list to change how a feature is installed.

—Feature description
ER=Ta |- oo IR g

: . Installs the SQL Server Database
B X_ = | Client Components Engine, tools for managing relational
e W+ | Connectivity Components and XML data, and replication.
oo ¥ v | Software Development Kit

This feature requires 116 MB on your
hard drive. It has 2 of 3 subfeatures
selected, The subfeatures require 99

ME on your hard drive.
rInstallation path
C:\Program Files\Microsoft SQL Server Browse,.. |
Disk Cost... |

Help < Back I Mext = I Cancel |

Press next utilizing the default options

i Microsoft SQL Server 2005 Express Edition Setup x|

Authentication Mode

The authentication mode specdifies the security used when
connecting to SQL Server.

Select the authentication mode to use for this installation.

% Windows Authentication Mode

™ Mixed Mode (Windows Authentication and SQL Server Authentication)

Spedfy the sa logon password below:

Enter password:

Confirm password:

Help < Back | Mext = I Cancel
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Press next utilizing the
Default settings

| i'é'- Microsoft SQL Server 2005 Express Edition Setup 5[

Error and Usage Report Settings

Help Microsoft improve some of the SQL Server 2005 components
and services.

Automatically send Error reports for SQL Server 2005 to Microsoft or your corporate
| error reporting server. Error reports indude information regarding the condition of SQL
[~ Server 2005 when an error occurred, your hardware configuration and other data. Error
reports may unintentionally indude personal information, which will not be used by
Microsoft,

Automatically send Feature Usage data for SQL Server 2005 to Microsoft. Usage data
[~ indudes anonymous information about your hardware configuration and how you use our
software and services.

By installing Microsoft SQL Server 2005, SQL Server and its components will be configured to
automatically send fatal service error reports to Microsoft or a Corporate Error Reporting
Server, Microsoft uses error reports to improve SQL Server functionality, and treats all
information as confidential.

f Help < Badk | Mext = I Cancel

Press Install utilizing

the default options' i‘é‘n Microsoft SQL Server 2005 Express Edition Setup x|

Ready to Install
Setup is ready to begin installation.

il

Setup has enough information to start copying the program files. To proceed, dick Install. To
change any of your installation settings, did: Badk. To exit setup, didk Cancel.

The following components will be installed:

. SQL Server Database Services
(Database Services)

Help <Back |[ msal | cancel
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Press Next when the B Microsoft SQL Server 2005 Setup x|
Install and configure is Setup Progress
Comp|ete. The selected components are being configured
i

Product | Status

(DMsxMLE Setup finished

(42 50L Setup Support Files Setup finished

() SOL Native Client Setup finished

(@ 50L vss Writer Setup finished

Q)SQL Server Database Services

Configuring components. ..

—Status

Writing system registry values

== Back

[exk =

Cancel

Finally press complete at the final information screen.

Reboot your computer now.

Go to the windows update and get all current updates for your computer to complete this

installation.
IMPORTANT

Copy files RMTHelpguide.pdf and Fast_Start.pdf to the RMT install directory C:\Program

Files\AIChE\Reactivity Management Tool\ (choose replace when warned that file already

exists)

3.1.5 Windows 7 Install (64 and 32Bit)
e You must have administrator rights

e Typically the download can be found in your personal Library in a folder called

« kD)
Downloads
e Double click to run the setup proaram
==
. [~
@-u-v| 4 » Mark » Downloads » - | 3 | | Search Downloads j o |
Organize ﬁl Install - Share with « Burn MNew folder i= « [ I@l
v Favorites Mame Date mc:c[ifiecl Type Size |~
Bl Desktop ﬁl RMTSetup.msi 8/18/2011 817 PM Windows Installer ... 7,661 KB
&4 Downloads N attachments_2011_08_18.zip 8/18/2011 8:15 PM Compressed (zipp... 7410 KB
=] Recent Places E 21480960 _08162011.qfx 8/16/2011 9:20 PM Quicken OFX data 3KB
E 64c0fef6243345b90434bd6dc0bebl 7E.QFX 8/6/2011 11:27 AM Quicken OFX data 5KB
4 Libraries ﬂ 21480960 _08062011.9fx 8/6/201111:20 AM  Quicken OFX data 3KB
desktop.ini 7/31/20116:22PM  Configuration sett... 1KB
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e Click Run

Open File - Security Warning ﬁ

The publisher could not be verified. Are you sure you want to
run this software?

A Mame: Ch\Users\Marki\Downloads\RMTSetup. msi
- __'
| &3 Publisher: Unknown Publisher

Type: Windows Installer Package
From: ChUsers'\Mark\Downloads\RMTSetup.msi

Run ][ Cancel J

Always ask before opening this file

publisher. You should only run software fram publishers you trust.

|@ This file does not have a valid digital signature that verifies its
b,
How can | decide what software to un?

-
ﬁ! Reactivity Management Tool

Welcome to the Reactivity Management Tool
Setup Wizard

The ingtaller will guide pou through the steps required to ingtall Beactivity M anagement Tool on pwour
cormpuker,

WwARNIMG: Thiz cormputer program is protected by copyright law and international treaties.
Unauthorized duplication or distribution of thiz program, or any portion of it, may result in severe civil
or criminal penaltiez, and will be prozecuted to the maxinmunn extent possible under the law,

e Click Next
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‘E! Reactivity Management Tool

Select Installation Folder

The inztaller will inztall Reactivity Management Tool ta the following falder.

Toinztall in thiz folder, click "Mext”. To install to a different folder, enter it below or click "Browse"

Falder:
C:4Program Files [#86)\AIChE \Feactivity M anagement Toals l Browse... ]

[ Disk Cost. ]

Install Reactivity Management Tool for yourself, or for anyone who uses this computer:

(1 Everyone

@ Just me

[ Cancel ] l < Back ] [ MHext >

e Choose your directory and check “everyone”

e Press Next

e Press Next again to confirm the install

e You may be asked by Windows security to allow the install. Press yes to allow Windows
to do the install.
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ﬁ! Reactivity Management Tool

Installation Complete

Reactiity Management Toal haz been succezsfully inztalled.

Click "Cloze" to exit.

Please use "Windows Jpdate to check for any critical updates to the MET Framework.

Cancel < Back

e Close the install window

e |f you have not already downloaded SQL express 2005 do so now per the instructions
and links in section 3.1.2

= &
@U" & » Mark » Downloads » v I 45 ' ’ Search Downloads pol I
R e e c— e
Organize v @ Open Share with v Burn New folder
¢ Favorites Name Date modified Type Size bk
Bl Desktop 7/29/2011 3:57 PM  Application 99,099 KB
& Downloads 8/18/2011 8:32 PM Compressed (zipp... 62,003 KB
| Recent Places ) 7/29/2011 411 PM  Application 55,715 KB
‘[ﬂ SQLEXPR.EXE 6/18/20111:23PM  Application 54,791 KB}
. Libraries ﬁ?j’ RMTSetup.msi 8/18/2011 8:17 PM Windows Installer ... 7,661 KB I

¢ Run the file SQLEXPR.exe from your downloads folder
e You may be asked by Windows security to allow the install. Press yes to allow Windows
to do the install.

Copyright © 2012 AIChE Page |38



RMT Help Guide v1.0 January 2012

e Press run program

-

k|
Program Compatibility Assistant g

This program has known compatibility issues

Check online to see if solutions are available fram the Microsoft website, If solutions are found, Windows
will auternatically display a website that lists steps you can take.

Publisher: Microsoft

D Program: Microsoft SQL Server 2005
Location: ch\2cccB89fbbE517fa%dad5ad5d atsetup.exe

After SQL Server Setup completes, you must apply QL Server 2005 Service Pack 3 (SP3) or a later service
pack before you run SQL Server 2005 on this version of Windows,

[E] Hide details Check for solutions online I[ Run program H Cancel

[ Don't show this message again

e Accept the terms and conditions and press next
e Press install in the nest window

r Y
ld Microsoft SQL Server 2005 Setup [

Installing Prerequisites
Installs software components required prior to installing SGL
Server.

SQL Server Component Update wil install the following components -
reguired for SQL Server Setup:

“ Microsoft SQL Mative Client
¥ Microsoft SQL Server 2005 Setup Support Files

The required components were installed successfully.

e Press next
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-

Microsoft SQL Server 2005 Setup
System Configuration Chedk
> |
SQL Server Setup is scanning your computer's configuration. . .
8 Microsoft SQL Server 2005 Setup )

» Welcometothe MicrosoftSQL
Serverlinstallation Wizard

Setup will help you install, modify or remove Microsoft
SGL Server. To continue, chick Mext.

Ha"

| Mext = Cancel

e Press Next

Copyright © 2012 AIChE Page |40



RMT Help Guide v1.0 January 2012

[ Bl
i8) Microsoft SQL Server 2005 Setup =

System Configuration Check
wiait while the system is checked for potential installation
problems.
bl |
@ 12 Total 0 Error
Success 11 Success 1 Warning
Details
_I Action I Status I Message -
i@ 50L Server Edition Operating System ... Success
% Minimum Hardware Requiremert Success
i@ Pending Reboot Requirement Success —
i@ Default Installation Path Pemmission Re...  Success
% Intemet Explorer Requirement Success |
i@ (COM Plus Catalog Requiremert Success 3
A ASP Met Version Registration Require...  Waming Messages...
@ Minimum MDAC Version Requirement Success
Filter | Stop | Report = |
_ teb | Next>
]

e Press next
e Enter your registration information and press next

L ™y
) Micrasoft SQL Server 2005 Express Edition Setup S

Feature Selection
Select the program features you want installed.

Click an icon in the following list to change how a feature is installed.

— Feature description
=T Installs the SQL Server Database
[}~ ¥ =] Client Components Engine, tools for managing relational

- ¥ - | Connectivity Components and XML data, and replication.
- ¥ - | Software Development Kit

This feature requires 115 MB on your
hard drive. It has 2 of 3 subfeatures
selected. The subfeatures require 39
ME on your hard drive,

Installation path
c:\Program Files (x86)WMicrosoft SQL Server), [ Browse. .. ]

[ Disk Cost... ]

’ < Back ] I Mext = I ’ Cancel ]

=
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e Accept the default settings and press next
ﬁ' Microsoft SQL Server 2005 Express Edition Setup S8 ﬁw

Authentication Mode
The authentication mode specifies the security used when
connecting to SQL Server. o

Select the authentication mode to use for this installation.

(@ Windows Authentication Mode

() Mixed Mode (Windows Authentication and SQL Server Authentication)

Specify the sa logon password below:

Enter password:

Confirm password:

[ < Back ] [ Mext = ] [ Cancel

¥ |
e Press next without entering a password
" 88 Microsoft SQL Server 2005 Express Edition Setup (2o
Error and Usage Report Settings
Help Microsoft improve some of the SQL Server 2005 components
and services, Sy

Automatically send Error reparts for SQL Server 2005 to Microsoft or your corporate error

| reporting server. Error reports indude information regarding the condition of SQL Server
2005 when an error occurred, your hardware configuration and other data. Error reports
may unintentionally include personal informatian, which will not be used by Microsoft.

Automatically send Feature Usage data for SQL Server 2005 to Microsoft. Usage data
i [[]indudes anonymous information about your hardware configuration and how you use our
software and services.

By installing Microsoft SQL Server 2005, SQL Server and its components will be configured to
automatically send fatal service error reports to Microsoft or a Corporate Error Reporting
Server. Microsoft uses error reports to improve SQL Server functionality, and treats all
information as confidental.

< Back l [ Next = ] [ Cancel

e Press Next
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- 5
) Microsoft SQL Server 2005 Express Edition Setup =

Ready to Install
Setup is ready to begin installation.

|

Setup has enough information to start copying the program files. To proceed, dick Install. To
change any of your installation settings, dick Back. To exit setup, didk Cancel.

[The following compenents will be installed:

. SQL Server Database Services
(Database Services)

< Back ] [ Install ] l Cancel

e Press install

r R
[ Microsoft SQL Server 2005 Setup E=xE)

Setup Progress
The selected components are being configured

Product | status |
() 50L Setup Support Files Setup finished
() 50L Native Client Setup finished
(%501 vs5 Writer Setup finished
@SQL Server Database Services Setup finished

<< Back | Mext == | Cancel

e Press next when the install is finished
e Press finish on the final screen
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e Download the .NET framework file
e Run dotNetFx40 Full_x86_ x64.exe
e Press yes at the windows security warning

. Microsoft NET Framework 4 Setup [ == éj

MET Framework 4 Setup
Flease accept the license terms to continue. Miera

MICROSOFT SOFTWARE M
[¥]1 have read and accept the license terms.; @

Download size estimate: 0MB
Download time estimates: Dial-Jp: 0 minutes

Broadband: 0 minutes

[ Inztall ]’ Cancel l

e Check the read and accept terms box and then the install button. After the install has
completed, press Finish

e Go to All Programs // Windows Update. Click on Check for updates.

= | B [
(o) | 27 » Control Panel » System and Security » Windows Update - |¢¢| | Search Control Panel ol
@
Control Panel Home . -
Windows Update
Check for updates @
Change settings —
View update history & Install updates for your computer
Restore hidden updates = 4 important updates are available 1 important update selected, 55.8

MB
Updates: frequently asked

uestions
1 Install updates

Most recent check for updates: Today at 8:55 PM
Updates were installed: 8/9/2011 at 7:05 PM. View update history
You receive updates: For Windows and other preducts from Microsoft Update

Find out more about free software from Microsoft Update, Click here for details,
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e Click on the link below the arrow

i) |!'"i + Control Panel » System and Security » Windows Update - | 3 | | Search Control Panel L2 |

Contrel Panel Home

Windows Update

Check for updates
Change settings

View update history [ 0 Install update your computer
Restore hidden updates he 4 important updates are available 1 important update selected, 53.8
MB

Updates: frequently asked

e
R Install updates
Muost recent check for updates:  Today at 8:55 PM
Updates were installed: 8/9/2011 at 7:05 PM. View update history
You receive updates: For Windows and other preducts from Microsoft Update

Find out more about free software from Microsoft Update, Click here for details,

e Make sure that one of your updates for SQL Server 2005 is service pack 3 or higher

SQL Server 2005 (1) -
Microsoft SQL Server 2005 Express Edition Service Pack 4 (KB2463332) 55.8 MB

¢ Install all updates by checking the boxes in front of their names. Press OK
e You will be returned to the screen above.
e Press Install Updates. Your computer will want to reboot when the updates are installed.
IMPORTANT
o Copy files RMTHelpguide.pdf and Fast_Start.pdf to the RMT install directory
C:\Program Files\AIChE\Reactivity Management Tool\ (choose replace when warned
that file already exists)

3.1.6 Executable and Database File location and descriptions

The reactive management files are located in the following directory by default:
Windows 7: C:/program files (x86)/aiche/reactivity management tool/
Window XP C:/program files/aiche/reactivity management tool/

There are two files in this directory which contain all the information for your process custom
chemicals database. These files (RMTDB _log.ldf and RMTDB.mdf) can be imported or

Copyright © 2012 AIChE Page |45



RMT Help Guide v1.0 January 2012

exported to other users’ computers if you so desire. See section 3.1.7 for more information on
how to export or import these files.

3.1.7 Exporting / Importing the RMT Process Analysis

This version of the reactivity management tool was designed to be used by one user and not
as a shared network tool.

However, it is possible to share your process analysis program with other users and/ or add

to a user’s process analysis program by importing or exporting two specific files —- RMTDB.mdf
and RMTDB_LOG.lIdf.

The process for exporting a user’s process analysis program is as follows:

1.
2.

Close the Reactivity management tool

The importing user should locate the two files (RMTDB.mdf and RMTDB_LOG.Idf) on
your hard drive and change the file extensions to your initials; example — RMTDB.mdf
becomes RMTDB.mdf.des and RMTDB_LOG.Idf becomes RMTDB_LOG.lIdf.des.

The exporting user copies and sends these two files from their reactivity management
tool directory to the importing user. The importing user places the exported files in their
reactivity management tool directory

In the example above the importing user now has the following files in their directory.
e User’s old files containing all their previous processes and chemicals
o RMTDB.mdf.des
o RMTDB_LOG.ldf.des
¢ Imported files containing the processes and chemicals of the exporting user
o RMTDB.mdf
o RMTDB_LOG.Idf
If you want to again use your original process and chemical files, simply rename your
current working files and then remove your initials from your original files to make them
the active database files once more — steps 1 through 4.

There is no known way to merge imported files into a user’s current file.
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3.2 Step by Step Program Instructions

Link To Full TOC

Table of Contents
3.2.0 StArtiNg the PrOGIramM ....co ittt et b e e s bt bt e s bt e bt e s bt e e sabe s bt e e sabeenbeeesaneenneeas 48
BL2 L FIlE IMIBINU ettt sttt sttt e st s e st e s abe e sabe e s abee s et e e s b e e sabe e s abeesabeesabteeabeeenbteebaeenhbeenbeeenabeenneean 48
3.2.2 Navigation Within The Process WiNGOW..........cooiieriiiiiieiiie ettt st e ssee s b e sanessnee s 49
A o o Tl cT N - | « T PSPPSR
3.2.4 TEAM MEMDEIS TAD 1iiiiiiiiiieiee ettt sttt e bt e s bt e s bt e s b e s bt e sabe e s btesbeesnbteeabaeesbaeebeeensseenseeas
3.2.5 Laboratory Scale facility Tab
3.2.6 Process ChemMICAIS tAD ......uiiiiieiiiiiiee ittt st sbt e s bt e e sabeesbteesabeesbteesaseenseees

3.2.6.1 Searching for chemicals

3.2.6.2 Custom Chemicals entry and editing POP-UP fOrM .....ccuuiiieiiiii e 52
3.2.6.3 Editing CUSLOM ChEMICAIS c...eeiiieiiiieiiieee ettt sttt et sat e e bt e saneesat e e saneenanees 53
3.2.6.4 Adding custom chemicals tO the PrOCESS ....cccuiii ittt e e et e e e e b e e e etaae e sareeaas 53
3.2.6.5 Viewing and NaVIBAtiON......c.eiiiiiiiiiiiieiee ettt ettt e bt e sat e e sbe e e sate e sat e e saneesateesaneenneees 54
3.2.7 MisSING Data WarniNg DOX .....cccuiieiiiiie ettt ettt e ee e e e tte e e e st e e e ette e e stbeeeesatseeseasaaeesassaeeeassseeeanssaessnsrenenn 55
3.2.8 Warehousing vs. ChemiCal ProCESSING ....cccueiitiiriuieriiieiee ettt eiee ettt et ebe et e st e sate st e e saee s b e e saaesbeeesaneenneeas 55
3.2.9 Reactivity and Failure SCENATIOS ........ueiieciiiie e ectee ettt e st e e e e tte e e s tveeeesatseeeeasaaeessseeeenstaeesanssseesnsreaens 56
3.2.9.1 Scenario build screens : Navigation and data entry .......coccoveierieiiiieniein e 56
3.2.9.2 Scenario management- Viewing and diting ........ccccvuiiiiiii i e 58
3.2.9.3 Identifying significant chemical iINTeraCtionS.........cueiriiiiieiiiieee e 59
P (Ol SV | [V o) o Yo=Y o =T o OO PSPPI 60
0 0 Yol =Y o =Y [0 I I o SRR 60
3.2.10.2 List All Scenarios Pop-up - Editing / Deleting @ SCENAIIO .......cccveeeveeiieeeie ettt sveeearees 61
3.2.10.3 Determine Maximum Adiabatic Temperature Tab .......cccocieiieiiiienieini e 64
3.2.10.4 Define Temperature of CONCEIN Tab.......oiiiiiiii et ettt e e e tb e e e eaaae e eabeeaas 65
3.2.10.5 Determine Maximum PresSUre Tab .......coiueiiienieinieerieeste ettt ettt et sn et e st e sat e e saneesnnees 66
3.2.10.6 Determine Pressure of CONCEIN Tab ...occuiiiiiiiiiiieeie sttt sae e sae e ste e sere e sbeesateesaseenanees 68
3.2.10.7 Conclusion Tab — setting SCENAIIO STAUS ....c..viiieiiereiiieeeeciee e e e et e e esere e e s e e e sra e e s snnaeaesnneeeas 69
00 B R 0= T o Lo ] £ U U PP P PP 70
3.2.11.1 Warehousing Segregation REPOI ......cccuiiiieiriieiieerit ettt sttt sttt st sit e sbe e s aaeesbe e e saneesanees 70
N B A Y- - o d V7 Y 4 0 1= ) PP PPPPPPPPPPPPPPPPPPPRE 72
3.2.11.3 Chemical reactivity eValuation FEPOIt......cccciiiiieiiee e cciee ettt e e e e st e e e sae e e s enaeeesnreeeas 75
3.2.11.3.1 Team MemMDBErs Tab ...coo ittt ettt sttt e e et e s et e e e sbbeeessabaeessaeeeesanreeean 77
3.2.11.3.2 Process ChemiCals Tab .......cociiiiiiiiieieet ettt sttt st sne e e e aee e 77
3.2.11.3.3 BiNAry MatriX Tab coeeeeceiiiiiieee ettt e e et e e e e e e et ta e e e e e e e e seasbbaaeeaeeeseansstaeseaeesennnnrranens 77
3.2.11.3.4 Evaluate Pure-component Reactivity Hazards Tab ......ccceciivriiieei e 77
3.2.01.3.5 SCENAIIOS TAD euiiiiiiiiiee ettt ettt et e e ettt e s st e e s ate e e s a bt e e s e bt e e e s abte e e et teeseabaeesareeean 77
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3.2.0 Starting the program
¢ Install the program and the prerequisite software
e Open the Reactivity management Tool using the shortcut located in your start menu
All Programs // Reactivity management Tool // Reactivity management Tool
e Upon starting the program A process window will open after acknowledging the opening
splash screen.

3.2.1 File Menu

Reactivity Management Tool

File  Help

Help will open this help guide from the program.
Located in the upper left corner of the screen this grouping of dropdown menus allows the user
to access the following functions:

File | Help

Process

| Reports

L Reactivity Matrix

Disclaimer

Exit

Warehousing Segregation Report

Reactivity Evaluation Report

e Process: Open a new process window (multiple process windows may be open at one

time)

e Reports

o

Reactivity Matrix: Opens a window to view a binary interaction matrix for the
current process and all previously entered processes

Warehousing Segregation Report: Opens a window to view a warehousing
segregation matrix for the current process and all previously entered processes
Chemical reactivity evaluation Report: Opens a window to view the scenario
evaluation results for the current process and all previously entered processes

e Disclaimer: Opens the opening splash screen containing the program legal disclaimers
e Exit: ends the program
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3.2.2 Navigation Within The Process Window
Definitions:

Reactivity Evaluation Protacol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team kembers | Laboratory Scale Facility | Process Chemicals | Missing Chemical Data || warehousing

arally be too cumbersome. Alzo chemical incompatibility hazards are usually bestidentified in each process area or unit

33y a company hamed Charbroiled Chemicals owns a production facility that includes a warehouse and process units making
ethylene, chifine, and vinyl chloride. In this casze, the

hi ‘?rotocol would best be applied four times, once for each of the three process units and once
for the warehouse. T-hese are Tabs

Frocess

Process Name: |

Facility Mame:

| =" Thase Ao "e0ii
| Figlds

Evaluation D ate: | |

Tihgse ane "Buions.

Lreate Piocess ] [ Load Process

Information windows appear in the areas highlighted below.

Process

Co&

Reactivity Evaluation Protocol ‘ Chermical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team Members | Laboratary Scale Facility | Process Chemicals | Misging Chemical Data || W arehousing

(The Imponance of Limiting the Scope of Each Evaluation to Something Less Than an Entire Production Site \
The reactivity hazard evaluation pratacal will best be applied to one chemical pracess or unit at a time. Attempting to apply itto an entire production
site will generally be too cumbersome. Alsa chemical incompatibility hazards are usually best identified in each process area or unit.

For example, say a company named Charbroiled Chericals owns a production facility that includes a warehouse and process units making

ethylene, chlarine, and vinyl chloride. In this case, the protocol would best be applied fourtimes, once for each of the three process units and once
for the warehouse.

\ Explanation of the function ofithe Tab Y,
Process vou are working on

Process Narme: | |

Facility Hame: | |

Evaluation Date: | |

[ Lreate Process ] { Load Process ]

~
L Program error messages occur here )
-

I'Ielpﬂ‘llThe Process Window can be navigated using the tabs however certain tabs are grayed out
Himt (navigation forbidden) until the appropriate data entries have been made in all previous Tabs.
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3.2.3 Process Tab
The Program will open on the “Process” tab
e Create Process: Starts a new process evaluation in the RMT. Enter your process in the
Process name field
o Enter an area or facility name in the Facility name. See section 4.1 for help in
selecting the proper scope of your evaluation.

Pitrall o Save your entries with the “save” button before pressing “Next”
o Process name can not contain any special characters or be longer than 31
alert characters. The program will allow this but exports to excel will be disabled.

e Load Process: Allows the user to work on a previously entered process
o Select the process name by pressing on the arrows to the right of the process
name entry box and highlighting the desired process.
o The “load” button to the right of the box becomes active
o Press the “Load” button
e Save: You must save your work before proceeding to the next screen.
e Clear: Removes the data from all fields. WARNING there is no undo.
W@ﬂ[@ﬁ[ﬂ]ﬂ e Unload Process: Allows user to unload the process from the open process window so
[Fim that another process can be loaded.
e Close: closes the process window. Use the file menu to open a new one

3.2.4 Team Members Tab
e Seclect the “Add” button to enter information on at least one evaluation team member.
e Use the “Save” button after entering the information on each team member
W@ﬂ[@ﬁ[ﬂ]ﬂ e Continue adding team members until your evaluation team list is complete
[int e Use the save “Next” button to move to next screen

e Team members can be edited by double clicking on the members name or they can be
deleted by checking the box in front of their name and pressing the delete button.

3.2.5 Laboratory Scale facility Tab
e You will be asked if your operation is defined as a “Laboratory Operation”. Choosing
yes terminates the program. The default answer is No with next taking you on in the
program. Press the “help” button for a definition of Laboratory operations.

3.2.6 Process Chemicals tab

3.2.6.1 Searching for chemicals
e Press the “Search Chemical Databases” button to begin by searching the built in NOAA
CAMEO database for your chemicals. Note: if you have entered custom chemicals in
your RMT custom database these are searched at the same time. Results will be tagged
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with the database location. SQL is your custom database and NOAA is the NOAA
CAMEO database
e Enter the name of your first chemical in the pop-up search box and press search button.
e Ultilize several different options to either widen or narrow your search results. Be
persistent the NOAA CAMEO database has many synonyms for each chemical but

W@ﬂ[@ﬁﬂﬂﬂ sometimes a slight name difference between your entry and the synonyms will prevent
Mint a search hit. CAS number is very helpful. Be sure to enter the dashes in their proper
I place. Toggling between “contains” or “starts with” will expand, shrink your number

of hits and sometimes even get a few different hits. Completing 2 fields produces an
“and” search. Note the official name will appear in the search hits window name field.
If you search “THF” your hits will read “tetrahydrofuran”

e Search through your hits for your desired chemical. Check the box in front of the
name. (you may make multiple selections.) them press the “Add to process” button

Search Chemicals

Search Chemicals
Chemical Mame THF CAS Nurnber
(%) Contains Characters
() Containg word starting with <IRAAES e
Search l [ Cancel
Chemical Count: 3
Select | DEIdentification Chemical Hame Ca%5 Number LIM /W
MO, TETRAHYDROFURAMN 109-93-9 2056
O | NO&s I TETRAHYDROFURFURYL ALCOHOL 97-99-4 1933
[ | WOas Ll PIGMEMT RED 3 2425-856
< >

I [&dd To F'locessl n Cloze ]

e To search your next chemical simply type over the last chemical name and hit “search”
e When you have finished searching use the close button to return to the Process
Chemicals Tab
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3.2.6.2 Custom Chemicals

uary 2012

entry and editing pop-up form

e Press the “administer Custom Chemicals” button to open the Custom Chemicals
database. This data is stored where you have installed the program and never shared over
a network or the internet. See special instructions for database sharing in the help guide.

o All functions of the custom chemical database are accessed from this pop-up.

o “Export to Excel” data dumps your custom database to Excel 2007 or later. This
is helpful for data checking.
o “Add custom chemicals” opens another pop-up where you can input data for
your own chemicals or those not found in the NOAA database.

Helpful o
Hint

name.

“Add to Process” adds the chemicals that have a check in the box in front of their

o “Delete selected Chemicals” deletes the chemicals that have a check in the box

in front of their name.

o Editing an entry: Double clicking on the name of a chemical allows you to edit

that chemical.

e Press the “add custom chemicals” button or double click on the custom chemical you
want to edit to access this pop-up form

-] %]

Enter a Custorn Chernical
WARMING: the data entered in t?t

RED fields are critical to abtaining correct guidance fram the program. Consult the help guide AHD a knowledgeable chermist
to assure that the data entered afe correct and complete. Multiple DOT labels. Reactive groups and Reactive hazards must be selgeted in many cases

General Description

Chernical Profile

Airw ater Reactiors

Chernical Mame l Chemical Formula Primary DOT Label - Sale! = w

DOT Hazard UN/MA Number Seconday DOT Label | p0T | abels ~
1.x Explosive

CA5 Number USCG Chris Code 2.1 Flammable gas

2.2 Monflammable gas
| 2.3 Toxic gas
] 3% Flammable liquid
4.1 Readily combustible solid
4.2 Spontaneously Combus...
4.3 Dangerous when wet
Reactive Group[s] Rleactive Groups
1 Acids, Inorganic Non-oridizing
2 Acids, Inorganic Oxidizing
__. 3 Carbowylic Acids
4 Alcohols and Polyols
5 Aldehpdes

E Amides and Imides, Organic

7 Amines . w

o T
Figactive Hazard(s| Reactive Hazard Group ~

NOME

Explosive when diy.

Rizk of explogion by shock, Friction, fire o

Forms wery unstable explosive metallic co
ﬂ Extemal heating may cause an explosion

| May form explosive peroxides.

Reaction proceeds with explosive violen:

Explasive when mixed with combustiple n ™

< »

Reset ] [ Save ] [ LClose

. Do not get confused by the primary and secondary DOT labels. You MUST enter a primary
Pitfall DOT code in the collapsed box pointed out by the RED arrow. The much more obvious
arrow pointing to it is only for a secondary code if there is

scroll bar box with the
one.

alert
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e You must enter at least the following data by selecting from the dropdown lists. For
multiple selections hold down the Ctrl key and left click to toggle selection deselection.
o Chemical name — Type in “Line Kleen”
o PRIMARY DOT code — select “Corrosive — acid”
o At least one reactivity group —
o At least one Special Hazards group
To deselect a secondary DOT code, hold down the Ctrl key and left click in the code you
Helpful _ - . .
. want to remove. The code will change from highlighted to outlined. Click anywhere
Hint  outside the selection box to make the deselection permanent.

e Entering Reactivity groups.
o All applicable MUST be selected. Hold down the “Ctr]l” key and select with the

Phcsall left mouse button or space bar. This information is only available by viewing the
chemical structure. Often the structure can be found by searching the chemical
alert name or CAS number on the Web. Failure to select all applicable groups or

selection of improper groups will give false reactivity predictions that might

cause the program to miss a serious chemical reactivity issue. Selection of

the proper groups may require the expertise of a trained chemist

knowledgeable in both chemical reactivity and chemical nomenclature.
[Pi#falll o Note there are groups that start with the number 101 and higher that are not
utilized by the program. You MUST however enter “100 Water” if the material
contains more than trace amounts of water. An example would be the hydrate of
a metal salt.

alert

e Entering “Reactivity hazard Group”
[Fﬂ@ﬂ[p)ﬁﬂ]ﬂ o All applicable must be selected or “none”
g o This information will be found in the NFPA diamond or disbursed throughout the
Hlint MSDS

3.2.6.3 Editing Custom Chemicals
o Press the Administer custom chemicals button to access the pop-up
Double click on the chemical name
The edit form for that chemical will pop-up.
Enter or change the desired fields
Press save and then close

o O O O

3.2.6.4 Adding custom chemicals to the process
= There are 2 ways to add custom chemicals into your process.
1) You can perform a search of the databases exactly as described in the section 3.2.6.1.
2) From the Administer Custom Chemicals pop-up (See screen shot next page)
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o Check the box in front of the name of the chemical(s) you wish to add
Press the “Add to Process” button
Press the “close” button to close the pop-up and return you to the Process

Chemicals tab
List of Custom Chemicals
List of Custom Chemicals
. . LI/,

Select | Chemical Mame Chemical Formula CAS Mumber Numbar DOT Labels
WATER Hz20 Frizas ] Man-hazardou:
Compound 987654321 0 E.1 Puoizoh
Siltherm xLT 0 3% Flammable]

Line Kleen 0 8.0 Conozive 4
< | >
Erport Gnd to Excel ] [ Add Custom Chemicals Add o Process ] [ Delete Selected Chemical: ] [ Cloze

3.2.6.5 Viewing and Navigation

Process Name - Process 1; Facility Name-building 1

Feactivity Evaluation Pratocal | Chemical Reaclivity Hazards | E valuate Heat Release and Fressuie Generation Hazards
Process || Team Members | Laboratory Scale Facility | Process Chemicals | Mizzsing Chemical Data | Warehousing
Load Frocess Chemicals
[ Search Chemical Databases ] \ Administer Custom Chemicals |
[ HELF Searching chemicals ] [ HELF Adding /modifying custom chemicals Chemicals:[12]
—
Select Chemicals DBIdentificaliammma DOT Labsis CAS Number ~
O NOAA PHENALCYL BROMIDE £.1 Paison 70111
O NOBs, SODIUM &ZIDE £.1 Paison 2BE28-22-8
O NOBS, TETRAHTDROFURAN 32 Flammable liquid 105-93-9
] NOAA TRIPHENYL PHOSPHINE £.1 Paison E03-35-0
O NOAA TOLUENE SULFOMIC ACID, LIGUID, WATH MORE THAN 5% F... | 8.0 Caorosive Acidic 104-15-4[25231-46-3
(| s0L WATER Mor-hazardous material Fi3z218-8
| soL Line Kleen 8.0 Corosive Acidic J
O 500 Siltherm *LT 3. Flammable liquid y
O SO0 Compound 987654321 £.1 Paison 4 B
A
< | >
—k [ Esport Grid ta Excel ] [ Hext

= Use the scroll bar to view all the chemicals entered for the process.
= Use “Export to Excel” to data check all entries.
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= The form tells you where the chemical information resides under DB identification
=  When satisfied with all entries, press “next”

3.2.7 Missing Data Warning box
This box performs two functions it serves as a double check for custom chemicals and is an
input form for the DOT labels for all NOAA chemicals. The DOT codes are required for the
warehouse segregation function. The program will not allow the user to continue until all
required data is entered.

Process Mame - Process 1; Facility Mame-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team Members | Laboratony Scale Facilty | Process Chemicals | Missing Chemical Data | warshousing

Chemicals with Missing Data

Chemical Name: Secondary DOT Label DOT Labels o
. 1.4 Explosive
Primary DOT Label: -~ Select - b 2.1 Flammable gas
2.2 Mon-flammable gas
2.3 Towic gas

3%_Flammable liouid
WARMIMG: the following chemicals have been identified by the program as having missing or incomplete
data. Continuing without supplying the missing data may lead to incorrect or even dangerous guidance

List of chemicals with missing infarmation

DEldentification Chemical Mame DOT Labels Chemical Farmula L &8
ACETOPHENDNE 3% Flarmmable liguid CBHBO 1
NOAA EBROMINE 8.0 Corrosive Acidicll P 1
MOAA DICHLOROMETHAMNE 6.1 Poison CHzCI2 1
NOAA FHEMACYL BROMIDE 6.1 Poigon CBHBCOCHZEr 2
HOAA SODIUM AZIDE 6.1 Poison MN3Na 1
NOAA TETRAHYDROFURARN 3 Flarmmable liguid C4H80 2

BRI A A TCICHFERN DHOSDHIME E1 Cricon [ma B> SR~ =] b
- ¥

If "Next" does not work, fee | [ men )

Scroll to see

~~ Reactivity groups

PitGall If the next button does not work recheck that at least a primary DOT code and at least one
reactivity group has been entered for each chemical. Use the scroll bar on the bottom to

alert scroll right to see the reactivity group column. See section 4.2 for how to determine the
proper DOT codes.

[PiEfalll  To deselect a secondary DOT code choice made in error, hold down the Ctrl key and left
lert click in the code you want to remove. The code will change from highlighted to outlined.
aler Click anywhere outside the selection box to make the deselection permanent.

3.2.8 Warehousing vs. Chemical processing
= The program seeks to determine if the Facility being evaluated is solely a Warehouse or
if other operations are performed there. Press the Help button or see the help guide for
definitions.
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3.2.9 Reactivity and Failure Scenarios

PitFall
alert

The user should be very familiar with HAZOps scenario building or consult the Help
Guide and incorporated references for detailed information on how to build credible
scenarios for evaluation. It is critical to the satisfactory performance of the program that
the user identifies all credible scenarios applicable to the processing area. Failure to
identify even one high hazard scenario could jeopardize the safety of your facility.

The program first asks if you have already performed a formal Process Hazard Analysis
on the facility by one of the established and accepted methods.

You should expect to build at least 25-50 credible scenarios for a narrow scope process
evaluation as explained in section 4.4 of the help guide

You can also view worked examples

3.2.9.1 Scenario build screens : Navigation and data entry
All the scenario building screens are laid out the same. There is a thought provoking question.
A selection of yes is followed by an entry screen similar in this format.

Reactivity E valuation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

|dentify PHA Process | PHA Scenario | PH2 guide || Identify Termary Mixtures | Temary Misture Scenario | Identify Loss of Utility | Loss of utilty Scenario || |dentify Proce ¢ *

Create a scenario from your PHA

Information area

Scenario Mame: | |

Full Description:

Comments:

This area grayed out until the "add"
button is pressed

Heat ofHeaction:l:l Ki#Kg of Total misture /
Add Save [ List all Scenanios ] ’ Help

The information area provides a brief summary of the type of scenario to be created for this

section.
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= Click the “add” button to activate the screen for data entry
= Utilize the explanations in the help button and references in the help guide to fully
explore each topic.
Meloful = When naming scenarios use a common convention throughout. The author suggests three
e @{FM letters designating the tab where the scenario was entered followed by a dash and
[limt consecutive numbers. Ex PHA-001 for the first scenario built under the PHA Scenarios
tab.
= Anexample of a scenario build is captured below.

Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Felease and Pressure Generation Hazards

|dentify PHA Process | PHA Seenario | PHA auide | 1dentify Temary Mistures | Temary Misture Scenario | 1dentify Loss of Utiity | Loss of utiity Scenario | dentify Proce £ *

Create Loss of Utility Scenario
Scenario Mamne: I_Iil-01
Full Description: Preurmnaticvakve on inertion gas T-1 fails closed or manual back-up valve closed
Comments: Loss of inertion. Possable fire in T-1
Heat of Reaction: D| Kj/K.g of Tatal misture
Reset ] [ Save ] ’ List all Scenariog ] ’ Help

Mandatory fields are:

o Scenario name

o Full description: fully detail the failure

o Comments: Utilize this area to enter consequences or protections
It is optional to enter the heat of reaction on this screen

= Press the save button before attempting to go on using the next button
= Select either continue adding scenarios to this tab or move to the next type of scenario.

= Repeat this process until all scenarios are built.

[PiEEall There is no obvious place to enter your intended chemical reactions and chemical reactivities
alert described in the chemical interaction matrix. Enter these under the “Other” tab. They can be
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distinguished by their name such as “Rxn 1” for step 1 Or Bin-001 for a chemical
incompatibility.
Pitfall _ _ _ -
Note that Exothermic reaction energies are entered as positive number.
alert Note the units: Kilojoules per kilogram of total reaction mixture

Process Name - Process 1; Facility Mame-building 1

Reactivity E valuation Protocol | Chemical Reactivity Hazards | Ewaluate Heat Releasze and Pressure Generation Hazards

Identify Inadvertent Miing || Inadvertent Mixing 5 cenario || 1dentify Human Error | Human Emor scenario | |dentify any Other Scenario | Any Other Scenario SR

Create Any Other Scenario

Apy Other soenario description will be displayed here..

Soenario Mame: | gy-n2

Full Description: | Procass reaction 2. Run under normal operating conditions

Comments: Operating conditions outside normal operating conditions hawve been considered in other scenarios

Heat of Reaction: KiK. of Total mixture
[ Beset ][ Save H List all Scenarios ][ Help

3.2.9.2 Scenario management- viewing and editing
ﬂﬁ']@ﬂ[ﬁ)ﬁ@]ﬂ A list of all previously entered scenarios can be seen by pressing the “list all scenarios”
Hint button. From this pop-up you can view, edit and delete any scenario.

o Double click on the scenario name to edit.
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o Check the box in from of the scenario and press delete to remove it from the process

Scenarios

Scenarios
Scenario MNarme:
Full Descriplion: | Accidental mixing of bramine and acetaphenone
Commerts Reaction produces 1 mole of hydrogen bromide gas (Toxic)
Heat of Reaction: | 59.30 Kifk.g of Total misture
Scenariof (s): 4 Delete Selected
Select Scenatio Name Seenaio Type: Heat Of Reaction Full Description
T Loss of Ui 0.00 | Prieumatic valve on inertion gas T
O Otha0t Ay Other Seenario 1660 | Proc nstep 1. Ru
O Oth 002 Any Othe 464.00 | Proc:
O Otk 003 Ay Other Seenario 59.30 | Aceidental mising of bromine an
<

3.2.9.3 Identifying significant chemical interactions
Significant binary chemical interactions and pure component hazards should be entered into

the program as scenarios. The “others” section is the recommended place for this.

Open a reactivity matrix for your process (see the reports section for step by step
instructions) and study each interaction for serious consequences. Utilize the information
provided, reference material, chemical knowledge and process area knowledge to come up

with credible mixing scenarios to be entered.

Add a new scenario for each serious interaction in the “Any Other Scenario” tab

For a listing of the pure component hazards of your process chemicals, see Reports —
Chemical reactivity evaluation report. Load your process and select the Pure components

hazards tab

Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Identify Inadvertent Mixing | Inadvertent Mixing Scenario || Identify Human Erar | Human Eror seenario | Identify any Other Scenaria | Any Other Scenaria

>

Create Any Other Scenario

Any Dither scenario description wil be displayed here

Seenario Mame:  [ogn-003

Full Description: | Accidental mixing of bromine and acetophenone

Comments: Feaction produces 1 male of hydrogen bromide gas (Toxic)|
Heat of Reaction: |59.3 Ki/K.g of Total mixture
Feset  |[_ Save ][ LitalScenaios | [ Hep Hest
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Helpful Consider the comments box for entering other relevant information about the reaction
Hint such as “Reaction produces 1 mole of hydrogen bromide gas - Toxic”. This will help us
during the evaluation of the pressure for this scenario.

3.2.10 Evaluation of Scenarios

3.2.10.1 Scenarios Tab
Upon saving your last scenario press the next button. This will pop-up a box asking if you

want to create any more scenarios. Answer NO to move to the scenario evaluation phase.
Alternately use the tabs to navigate to scenario evaluation.

FRreactivity Evaluation Pratocal | Chemical Reactivity Hazards | Ewaluate Heat Release and Pressure Generation Hazalds‘

| Idzrtity Inadvertent Mising || Inadvertent Mixing Seenario | |dentify Human Ener | Human Error scenario | dentify any Other Scenario | Any Other Scenario <>

Create Any Other Scenario

Ay Other scenario description will be displayed here.

Scenario Mame:

Full Description:

Comments: 3/ Da you want ko create any other scenarios

= ]

Heat af Reaction: l:l Ki/k.g of Tobal mixture
Add Save List all Scenarios ][

CEX)

& Process Name - Process 1; Facility Name-building 1

| Reactivity Evaluation Protocal | Chemical Reastivity Hazardsl Evaluate Heat Release and Pressure Generation Hazards |

Soenarios | Determing Masimum Adisbatic Termperature | Define Temperature of Concemn | Scenario Thermal Analysis | Determing Maximum Fesction Pressure | Define 4 %

Scenarios (double click to select)

Scenario Mame Scenario Type gﬁ;a?m g::‘c?o’n Full Description Comments

Lt-o1 Loss of Utility Scenario Completed 0.00 | Prieumatic valve on inettion... | Consequences: T-1 not]
Oth001 Ary Other 5 cenario Completed 16.E0 | Process reaction step 1. Ru.. | Operating conditions o

Any Other Scenario Unevaluated 464.00 | Process reaction 2. Run un... | Dperating conditions o

59.30 | Accidental mixing of bromin... | Reaction produces 1 me

Any Other Scenanio Unevaluated

[Enter a heat of reaction for this scenario and update before continuing with evaluating each scenario one at a time]

Working Scenario Scenaria(s) - 4

Seenario Mame: |

Full Description: 0Cess _Pun under normal operating conditions

Comments Operating conditions outside normal operating candifions hawe been considered in other scenarios ‘

Heat of Reaction: 464.00 Ki#k.g of Total misture Update ] [ Reset ] [ Evaluate Scenario ]
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e To evaluate a scenario, double click on the name. The grayed out text becomes editable.
o Note the status of each scenario is displayed.
o Look over the text. Edit if necessary.

¢ If you have not already done so a heat of reaction must be entered now.

Process Name - Process 1; Facility Name-building 1

Fieactivity Evaluation Protocal | Chemical Feactiviy Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenanios | Determing Maximum Adiabatic Temperature | Define Temperature of Concern | Scenario Thermal Analysis | Determine Masimum Reaction Pressure | Define € *

Scenarios (double click to select)

Scenario Mame Scenario Type gtc:ﬂ:”o g::tcgofn Full Description Comments

Lt Losz of Utility Scenario Completed 0.00 | Prieumatic valve on inertion... | Conzequences: T-1 nof]
Oth-001 Ary Other Scenario Completed 16.60 | Process reaction step 1. Au... | Operating conditions o
m Ary Other Scenario Unevaluated 464.00 | Process reaction 2. Bun un... | Operating conditions o
Oth-003 Ary Other Scenario Unevaluated 59,30 | Accidental mixing of bromin... | Reaction produces 1 m
< ¥

YWorking Scenario  [Enter a heat of reaction far this scenario and update before continuing with evaluating each scenaria ane at a time) Scenariofs) : 4

Scenario Mame:

BT N oo s reaction 2. Run under narmal operatin g conditions

Comments: Operating conditions outside normal operating conditions hawe been considered in other scenarios

Heat of Reaction: 4E4.00 Ki/¥.g of Total mixture Update ] [ Reset ] [Evaluate e —

Frew

e Press the “Evaluate scenario” button
e The scenario evaluation tab opens and requests information about the adiabatic heat rise

and starting temperature

3.2.10.2 List All Scenarios Pop-up - Editing / Deleting a scenario
You can edit all scenario fields except the name using the Scenario tab

Copyright © 2012 AIChE Page |61



RMT Help Guide v1.0 January 2012

To delete or edit a scenario, go back to any Scenario entry tab. Press the “list all Scenarios”

button.

E_EmtaHSDEHanns ﬂ[

Help

The following pop-up box appears.

Check the box in front of the scenarios you wish to delete and press “delete selected”

f® Scenarios

SCenanas

Scenario Mame:

Full Dezcription:

Comments:

Heat of Reaction: I:l kifk.g of Tatal misture

Update Rezet

Scenarialz] :

5 Delete Selected

FEleot Scenario Name

Scenanio Tppe

Heat Of Reaction

Full Deggiption »

UTL-m

Logz of Uklity Scenano

0.00

Inertion gaz flow interupted caus

WeaR-01

Process Wariation Scenario

0.00

Over fill of blender cauzes stress

F EMG-M Energy Input ¥ anation Scenarno 0.00  Jacket gteam walve leak causes |
| MELC-M techanical Failure Scenario 0.00 | Bearing failure leads to overheati
Fl b 2401 Inadwertent Mixing Scenario 0.oo
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Note that you can edit a scenario from this pop-up form. Double click on the scenario and the
scenario will be editable in the top half.

Scenarios

FEo&X

SCenano
i

Comments:

Full Description:

Scenanio Mame:

Static ignites benzaldehyde fumes inside

Fire senerio

Heat of Reaction: Kj/¥.g of Tatal mixture

[ Update ][ Besat ][ LCloze

k\_
Scenanalz] 5 Delete Selected

Select Scenario Mame Scenanio Type Heat 0f Reaction Full Degcription
F UTL-01 Logzz of Utility Scenario 0.00 | Inertion gaz flow intermpted caus
K WaR-0 Process Wariation Scenario 0.00 | Ower fill of blender cauzes stress
F EMG-01 Energy Input ¥ ariation Scenario 0.00 [ Jacket steam valve lzak causes |
F MEC-M techanical Failure Scenarno 0.00 | Bearng failure leads to overheats
K Ml-01 Inadvertent Mixing Scenario 0.oo

< >

Helpflll Because of the database structure of the program, there is no way to edit the scenario name once
entered — choose wisely.

Hint
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3.2.10.3 Determine Maximum Adiabatic Temperature Tab

f% Process Name - Process 1; Facility Name-building 1 E||:E|

| Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards l

Scenarios | Determine Mavimum Adiabatic Temperature | Define Temperature of Cancerm || Scenanio Thermal Analyzis || Determine Mawirmum R eaction Pressure || Define € *

Determine Max Adiabetic Temperature Rise

“fou are being asked to either enter the adiabatic temperature rise of the reaction or the program can help pou calculate it

Seenario Mame |-y 0

Full Deseription | Procass reaction 2. Run under normal operating conditions

Cormmerts Operating conditions outside nwmnditions hawe been considered in other scenarios
degrees C @ITemperature I:I deqgrees C

J/g*degreeC

Heat of reaction

(& Adiabiatic Temperature Rise

() Hegt of Capacity

[ Save H Reset H Help ]

 Method B

There are two methods of data entry here.

Method A

e You can enter the adiabatic heat rise directly

Heat of saction |54 1) KifK.g of tatal mixture

! ez e Cepaely I:l Jig*degresC

[ Save ][ Beset ”_ Help ]

Method B
e The program will calculate it for you from the heat of reaction and heat capacity of the
mixture

Heat of reaction |1 1) Kj/kK.q of total misture

(O Adiabiatic Temperature Rise I:I degrees C Initial Temperature  |-25 deqress C

[ Save H Beset ][ Help ]
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W@ﬂ@ﬁﬂﬂﬂ For organic reactions a heat capacity of 2j/g°C is typical. For aqueous solutions 3-4 j/g°C is
[int typical.

e Press Save and Next to continue the evaluation.
Note that when using this method, the heat rise is entered into the proper field for you as soon as
the save is pressed

() Adiabiatic Temperature Rise degrees C

() Heat of Capacity 20 Jig*degreel

3.2.10.4 Define Temperature of Concern Tab
e Press the Next button

Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenanios | Determing Maximum Adiabatic Temperature | Define Temperature of Concemn | Scenario Thermal Snalysis | Determing Maximum Reaction Pressure | Define ¢ *

Define & Temperature of Concern

Temperature of concern may be a design limit [such ag the maximum allowable temperature of a pressure
vezzel) or a decomposition onset temperature.

Temperature of Concern deqgrees C

e The program now asks us for the temperature of concern.

e Consult guide book section 4.7 and the references contained therein for help setting a
temperature of concern.

e Press save then next to display the evaluation of the thermal scenario.
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The program will now display one of two messages:

The zafety of this scenano cannot be determined based on thermodynamics, a kinetic evaluation or other evaluation methodaology iz reguired. Seek
additional guidance for this reaction.

In this case this reaction must be studied further to determine if it can be operated safely. Itis
highly recommended that the user consult an experienced process safety professional for
guidance as this scenario has a high likelihood of creating a chemical reactivity incident capable

of causing injury, death and severe property damage.

Or

B azed on the data you entered and ¢ or generally accepted rules of thumb thiz zcenanio hagz a low probability of creating a senouz thermal event. See help
guide.

In this case the user should check all data entries and also fully understand the limitations of this
program before judging the scenario “safe”.

3.2.10.5 Determine Maximum Pressure Tab
e Press the next button to continue with the evaluation

Process Name - Process 1; Facility Name-building 1

Fieactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenarios | Determing Maximum Adiabatic Temperature | Define Temperature of Concem || Scenario Thermal Analysis | Determine Maximum Reaction Pressure | Diefine 4 *

Determine Maximum Reaction Pressure

Enter the masirnur pressure that could be reached by the scenario. See the guide for help. Far non gas producing reactions, the vapar pressure of the maost
volatile component at the calculated maximum scenario temperature iz a useful conservative guess.

Scenario Mame

Full Description

Comments

Heat of reaction . .
KifK.g of total misture

Max Reaction 450 Uit v
Pressure
o )
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The program will now evaluate the Pressure hazard.

e The program asks us for a maximum reaction pressure. Thought should be put into how
this is calculated. You may at this point want to go back and split this scenario into two
or more scenarios depending on how you calculate the maximum pressure.

This could be calculated for a vessel vented through a 3” vent
Another way would be to assume the vent was closed

All at once addition of reagent that should be added over time
And so on

O O O O

E® Process Name - Process 1; Facility Name-building 1

| Reactivity Evalustion Protacal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards |

| Scenarioz | Determine b aximum Adiabatic Temperature | D efine Temperature of Concern || Scenario Thermal Analysiz | Determing Maximum Reaction Pressure | Defing ¢ *

Determine Maximum Reaction Pressure

Enter the maximum pressure that could be reached by the scenario. See the guide for help. For non gas producing reactions, the vapor pressure of the most
volatile component at the calculated maximum scenario temperature iz a ugeful conservative guess.

Scenario Mame Oth-002

Full Description | Procass reaction 2. Fun under narmal operating conditions

Comments Ciperating conditions outside normal operating conditions hawve been considered in other scanarios
heatailsaation 464.00 Kisk.g of total misture
M ax Reaction |450 | Unit |PSI V|
Pressure
Come I

e Choose your pressure units from the drop-down menu.
e Press save then Next
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3.2.10.6 Determine Pressure of Concern Tab

Process Name - Process 1; Facility Name-building 1

Reactivity E valuation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Define Temperature of Concern | Scenario Thermal Analysis | Determine Masimurn Feaction Pressure | Define Pressure of Concem | Scemario Pressure Analysis | Cone 4 %

Define Pressure of Concern
Prezsure of concern may be a design limit such az the maximum allowable working pressure of a pressure vessel
Pressure of concern | Ell] PSI

e The program now asks for the pressure of concern.

e Consult guide book section 4.7 Determining Temperature of concern and the references
contained therein for help setting a pressure of concern.

¢ Note that the pressure of concern must be entered in the units selected on the pervious
screen.

e Press save then next to display the evaluation of the pressure scenario.

e The program will now display one of two messages:

The safety of this scenanio cannot be determined based on thermodynamics, a kinetic evaluation or other evaluation methodology is required. Seek additional guidance
for thiz reaction.

¢ In this case this reaction must be studied further to determine if it can be operated safely.
It is highly recommended that the user consult an experienced process safety professional
for guidance as this scenario has a high likelihood of creating a chemical reactivity
incident capable of causing injury, death and severe property damage.

e Or

The information entered for the prezsure analysiz of thiz scenarnio indicates that this scenario has a low probability of causing a major chemical reactivity incident. See
help guide.
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¢ In this case the user should check all data entries and also fully understand the limitations
of this program before judging the scenario “safe”.

3.2.10.7 Conclusion Tab — setting scenario status
e Press the “Next” button. The program will ask you if you would like to change the status
of this scenario. Your choices are:
1. Unevaluated
2. Needs updating Scenario Mame  Oth-002
3. Complete

Statuz Jnevaluated

Unevaluated
Meeds Updating
Completed

Process Mame - Process 1; Facility Name-building 1

Reactivity E valuation Protocol | Chemical Reactivity Hazands | Evaluate Heat Rielease and Pressure Geheration Hazards |

Scenario Thermal Analvsiz | Determine Masimum B eaction Pressure | Define Pressure of Cope@m | Sceranio Pressure Analysiz | Cancluzsion SR

Set Scenario Status

Choose a status for this scenario

Scenario Mame  Oth-002 /

Status Unevaluated

e Press save and next
e The box below may appear below the status in the above screen shot

(%) Do you want to evaluate another scenario

) Print Feport
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e The first choice takes you back to the Scenarios tan so that you can choose another

scenario to evaluate

e Choosing Print will open up the evaluation report pop-up. This is the same pop-up that
can be accessed through the file menu as described in the reports section of these step by

step instructions.

e Repeat the instructions under 3.2.10 Evaluation of Scenarios until all scenarios are

complete.

3.2.11 Reports

Reports are accessed from the FILE menu and also through shortcut buttons at various points in
the program. The only way to get a complete set of reports is to access them through the FILE
menu. Rarely users have reported incorrect display of data when generating reports from an
open process. It is recommended that the user close the program completely and then access the
reports menu after restarting the program without loading the process in the process window.

3.2.11.1 Warehousing Segregation Report
Select: File — Reports-Warehousing Segregation report

&8l Reactivity Management Tool
File

Process

Reports » | | Reactivity Matrix
Disclaimer | Warehousing Segregation Report
Exit | Reactivity Evaluation Repart

E® Process

Reactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate

I Process | Team Members || Laboratomy Scale Facility || Process Chemic:
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Selecting this report opens up the pop-up window shown below

[® Warehouse Segregation Report

‘Warehousing Report

Process:

Code | Comment

Separate by one aisle way or 10 ft. [3 m), whichever is greater

Separate in different compartments with minimum 30 minute ..

Isolate materials in separated (detached) storage arsas

E stremely Hazardous Material. 5 pecial storage/segregation.

Evport Grid to Excel

e Select your process from the drop-down list and press Load

E® Warehouse Segregation Report |z‘ ‘Xl

Warehousing Segregation Report: Process 1

Process: |Process 1 v [
TOLUEMNE )
SULFONIC ACID,
Mai BROMINE SODIUMAZIDE  TETRAKYDROFUI Homt tian ks  DICHLORGMETH: EHEMACTL ACETD
FREE SUILFURIC
ACID

50DIUM AZIDE
TETRAHYDROF.
TOLUENE SULF...
DICHLOROMET...
PHENACYL BRO
ACETOPHENONE
TRIFHENTL PH...

Code Comment

Separate by one aisle way or 10 it [3 m), whichever is greater

Separate in different compartments with minimum 30 minute ...

|solate materials in separated [detached) storage areas.

Entremely Hazardous Material. Special storage/segreqation.

Export Grid to E xcel

e Depending on the number of chemicals in your process the grid may only be partially
visible.

e To print or otherwise manipulate this grid use the export to Excel button.
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PhcEall This segregation matrix MUST be studied and given a “reality check. Valuable information, that
known to this program, is not taken into account in calculating the segregation distances. This
alert information can be found in both the Reactivity matrix Report and the Pure Component
hazards tab of the Chemical reactivity evaluation report.

3.2.11.2 Reactivity matrix
The reactivity matrix report is accessed through the file menu

Select: File — Reports-Reactivity matrix

A blank form is opened.

e Select your process from the drop-down list and press Load

EE| Reactivity Matrix

Chemical Reactivity Matrix

Process: |--SE|ECE-- VH Load J

Expart Grid to Exzel Frrint Printal
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Select your process and press the load button
You will see the binary interaction matrix for your process

Reactivity Matrix

Chemical Reactivity Matrix Process 1

Process: | Process 1

v [ad ]

Matrix ACETOPHENONE  BROMINE DICHLOROMETHe Hc T SODIUM AZIDE  TETRAHYDRO
S .k TOPHENONE
BROMINE A5, AE.B4.C.D.
DICHLOROMET. . 42,86, C, D3, B4
PHEMACYL BRO.. 42,46, C.D3, A,
SODIUM AZIDE | C, D4 A6,C,D3.G.A9 | AG EB.C A5, BE. C, D4
TETRAHYDROF. 42,46, 48.84.C.. | D3 D3 6,C
TOLUEME SULF.. |46, B4.C.D3 A6 AS.A9,BE.C. A2E1.C.D3  |AZEBI.C.D3LA. A5 EB4EBEC | AGEB4CE
TRIPHENYL PH... |E5.C 49,B4.C.BE | A.B4.C.D3  |AB4CDILES A EEC 42, 45, B4, B5,
WATER C.D3,D5.D6.D.. | 03,07 03,07 D4 D3,D7.E
< | 5
Export Grid to Excel ] [ FPrrint l [ Frintdyll
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e Double click a cell with an entry to view the identified interaction.

In the following screen shot we have double clicked on the interaction of Bromine with
Acetophenone. As you can see any possibility that these two chemicals could be mixed in an
uncontrolled fashion should be seriously considered as a credible scenario with serious
consequences. Use the scroll bar to scroll through all of the supplemental information and
references provided.

e Use the scroll bar to review entries to the right and bottom.

¥ Reactivity Matrix

Chemical Reactivity Matric Procass 1
Proces: [Poces .
e
PHEMALCYL
Matme ACETOPHENOMNE BROMINE DICHLOROMETH BROMIDE S0DIUM AZIDE  TETRAHYDRO
ACETOPHEMOME
L4 BROMINE A5 AE B4.C.D.
DICHLOROMET .. A2 #E,C.03, 04 =.
PHEMACYL BRO... A2 AB C.D3A.
S0DIUM AZIDE  |C,D4 A5, C.D3,G,A9 AR BEC AE, BB, C. D4
TETRAHYDROF... A2 &6 AB B4, C.. D3 D3 &6, C
TOLUEME SULF... | AR B4,C D3 ... #2,B1,C.03 A2,B1.C. D3, 4. A5 B4, BEC AE B4, C.E
TRIPHEMYL PH,.. |B5S.C A9.84.C.03 A49,B4,C,03.B5 A5 BE.C A2 AE B4, BS,
WATER D3.D7 D307 D4 D3, D7.E
2 wr 4 . in s
ROMIME mixed with -
) ACETOPHEMNOME
May forrn axplosive peroxides,
Reaction proceeds with explosive violence andior formns explosive products
Heat generated from chemical reaction may inibate explosion '
Spontaneous ignition of reactants or products due to reaction heat
Exothermic reaction. May generate heat andfor cause pressurization.
Carmbinstion liberstes gaseous products. atlesst one of which is toxic, May cause pressunzation
Ganerates water saluble toxic products.
eaction may be intenze orviolent
Pozzible Gazes: Halocarbons
Citations
Acetone will produce tosic haloforme if ceddized by metal hypohalites such as MaClO (Howard, WL 2001. Acetone. In Kirk-Othmer
Encyclopedia of Chemical Technology. John Wiley & Sons, Inc). Wacetone reacts explosively with diffuerine dioxade, even at-78 C
(Streng. AG, 1963, Chemical Reviews 615} Mcetone ignites or explodes on contactwith nitrosyl perchlorate (Hofiman, KA et al,
1909 Ber. 42:2031)0MCr03 and ketones, including acetone and methyd ethy ketone, ignite on contact (Fawcet, HH. 1959, Industrial a
| EpontGridtoEscel | [ P | [ Pivan |

e Use the Export to Excel button to export a printable reactivity matrix into Excel.
o The matrix will look like the top half of the window
e Use the print button to print only the text displayed in the lower portion of the
window.
e Use the Print All button to print the text display for all interactions at one time.
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3.2.11.3 Chemical reactivity evaluation report

This report displays all of the scenarios along with their evaluation data
File — Reports — Reactivity Evaluation report

E2

Process

Reparts » | Reactivity Matrix

Disclairnzr Warehousing Segregation Repork

Exit Reactivity Evaluation Repaort

8 Process

Displays a blank form.

Select your process from the drop-down menu and press Load

[ Reactivity Evaluation Report

Process: | Select - A4 | Load

g_I_?_?_I_‘ﬂ__M_ﬁ_l_'ﬂ_?_?_[i_;| Process Chemicals || Binary Matrix || Ewaluate Pure-Companent Reactivity Hazards || Scenarins|

Header
Ewvaluation Date Taotal Count

g w U

Export Grid to Excel Frrirt
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Reactivity Evaluation Report

B — B 1
G;m Members | Process Chemicals | Binary Matrix | Evaluate Pure-Component Reactivity Hazards Scenarios)
hemicalBesctivitrapartston-Rrocass]

Evaluation Date: 07/08/2011 Team Member(s): 2
tember Name Department Mame
Jaohn Proceszing

< ¥

E=port Grid to Excel ] [ Brint

Note the Tabs. Each tab bust be printed or exported separately for a complete report.

The print function for many of the tabs is cumbersome with many unwanted fields displayed and
printed. The authors recommend the Export to Excel function for these tabs where the data can
be edited such that only the desired information is printed.

The Print button for the Binary matrix tab acts like the PrintAll button on the Reactivity matrix
when the report is accessed directly from the file menu (File — Reports-Reactivity matrix) Ti
prints only the text for each of the interactions. A print in matrix format must be accessed
through: File — Reports - Reactivity matrix // Load process //export to Excel

Valuable pure component reactive hazard or special hazards information for process chemicals is
only displayed under the Pure component reactivity hazard tab of this report. This
information is also reported under the column “Special Hazards” in the process chemicals
report.. This information may lead to building new scenarios.
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3.2.11.3.1 Team Members Tab
From this tab you can view, print or export to Excel the information entered about the Process
Hazard Review team.

3.2.11.3.2 Process Chemicals Tab
From this tab you can view, print or export to Excel all information collected by the program
relating to the chemicals in the process. Use the scroll bar along the right side and across the
bottom to view all the information.

3.2.11.3.3 Binary Matrix Tab
The information and functionality of this tab is identical to that of the Reactivity Matrix
described in section 3.2.11.2 Reactivity matrix.

3.2.11.3.4 Evaluate Pure-component Reactivity Hazards Tab
From this tab you can view, print or export to Excel all information collected by the program
relating to the Special Hazards associated with the chemicals in the process.

Pitall Cross-check the column “Special Hazards on the process chemicals tab to make sure the
program properly updated this tab for your custom chemicals. See FAQ 11) Updated custom
alert chemical data does not appear in process window.

3.2.11.3.5 Scenarios Tab
From this tab you can view, print or export to Excel all information entered into the scenarios
section plus the program’s evaluation of each scenario.

[PiEFall Only checked scenarios are printed or exported. The print function will crop text. It is advised
that each scenario be exported to excel so that the size of the box can be adjusted to show all
alert :
information.

4 Strategy
4.1 Selection of Process Chemicals

4.1.1 limiting the scope of the evaluation

The reactivity hazard evaluation protocol will best be applied to one chemical process or unit at a
time. Attempting to apply it to an entire production site will generally be too cumbersome.

For example, say a company named Charbroiled Chemicals owns a production facility that
includes a warehouse and process units making ethylene, chlorine, and vinyl chloride. In this
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case, the protocol would best be applied four times, once for each of the three process units and
once for the warehouse.

4.1.2 Developing an inclusive chemicals list
The chemicals list for a process must first contain all of the raw materials, intermediates and
products of the process (including waste and by-products). In addition you should include any
chemicals which are readily available within the immediate area of the processing. This might
include any, all or more than the following.
o Water
e Processing solvents, chemicals or gasses hard piped to the reactor or available at a shared
solvent or weighing station.
e Process chemicals from a near-by process that could be confused or miss directed into the
processing area.
o Utility services
o Air
Heat transfer fluids, steam
Inertion gasses
Hydraulic fluids
Lubricants
Wet seal fluids
o Vacuum pump oil or steam / water/ rust from a steam jet vacuum system
e Cleaning reagents and solvents
e Materials flowing through a common drain, waste or chemical sewer system.
e (Gasses or vapors that could be present in a shared or common vent header or vacuum
header.
e Scrubber solutions, or emergency quenching agents
e Fire protection chemicals including water
e Equipment materials of construction for process wetted areas and those that are exposed
to potential off gassing of reactive gasses like hydrazoic acid or perchloric acid
e \Waste streams

0 O O O O

Copyright © 2012 AIChE Page |78



RMT Help Guide v1.0 January 2012

4.2 How to Determine DOT Information from an MSDS

You can download a complete list of DOT codes on the US Department of Transportation web
site.” Or use the section 14 information from an MSDS. The following are excerpts from the
MSDS for tert-Butyl hydroperoxide which was found on the internet using the following search
string: “MSDS tert-Butyl hydroperoxide solution”

14. TRANSPORT INFORMATION

DOT (US)

UN number: 3109 Class: 5.2 (8) Packing group: Il

Proper shipping name: Organic peroxide type F, liquid (tert-Butyl hydroperoxide)
Reportable Quantity (RQ):

Marine pollutant: No

Poison Inhalation Hazard: No

9. PHYSICAL AND CHEMICAL PROPERTIES

Appearance

Form clear, liquid

Colour colourless, light yellow

Safety data

pH 4.3

Melting

point/freezing point

Melting point/range: -3 °C (27 °F) at 1,013 hPa (760 mmHg)

Utilizing the highlighted data: The primary code is 5.2 with a secondary of 8 (corrosive)

To determine if it is a corrosive acid or base go to the Chemical properties and look for the pH.
If the pH is less than 7 it is an acid. If >7 it is a base

The correct DOT entry would be

Primary: 5.2 Organic Peroxide

Secondary: 8.0 Corrosive acidic

" http://www.phmsa.dot.gov/hazmat/library Under the link for “Hazardous Materials Table (HMT)”
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4.3 Guidance on Selected Pure Componant Hazards
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4.3.0 General Guidance

Sections 4.3 is edited from the AIChE/CCPS Guide Book Essential Practices for Managing
Chemical Reactivity Hazards.® Specific guidance on handling most categories of pure reactivity
hazards can be found in the AIChE/CCPS guide book series available through Knovel. These
should be considered the definitive source for this information as this series is regularly updated
with information beyond the scope of any brief discussion of the topic presented within this help
guide. Recognized and Generally Accepted Good Engineering Practices change with the
experience of time and should be sought from the most recent sources.

4.3.1 Hazard Guide for Spontaneously Combustible Materials

4.3.1.1 How to identify Spontaneously combustible materials:

This hazard guide provides resources that should be utilized in the development of a Reactive
Chemical Management System for spontaneously combustible materials. Spontaneously
combustible materials are those that will react with oxygen and generate sufficient heat from that
reaction to auto-ignite. There are a wide range of materials, including solids, liquids and gases
that are spontaneously combustible.

& R.W. Johnson, S.W. Rudy and S.D. Unwin, Essential Practices for Managing Chemical Reactivity Hazards, Center
for Chemical Process Safety of the American Institute of Chemical Engineers, New York, NY (2003);
www.aiche.org/ccps
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4.3.1.2 Definitions and Common Spontaneously Combustible Materials
Spontaneously heating materials - materials that ignite because of a slow buildup of heat from an
oxidation reaction;

Hypergolic materials - materials that immediately ignite upon exposure to an oxidizing agent
(not necessarily oxygen);

Pyrophoric materials - a special case of hypergolic materials - materials that ignite on short
exposure to air under ordinary ambient conditions. Some materials that are considered
pyrophoric require a minimum relative humidity in the atmosphere for spontaneous ignition to
occur. It should be noted that many pyrophoric materials also ignite upon exposure to water.

The potential of spontaneously combustible materials to exhibit this behavior is often well
documented due to the extreme care required for their safe handling. However, in some cases,
knowing the chemical composition of a material is not enough to determine whether it is
spontaneously combustible. For example, some metals are pyrophoric when in finely divided or
powdered form, but are not pyrophoric when in massive solid form.

Pyrophoric and other spontaneously combustible substances will generally be identified as such
on their product literature, MSDSs or International Chemical Safety Cards. These substances
should be identified as DOT/UN Hazard Class 4.2 materials for shipping purposes and labeled as
SPONTANEOUSLY COMBUSTIBLE. For pyrophoric substances, if the NFPA diamond
(NFPA 704) is used for container or vessel labeling, the red (top) quadrant would have a rating
of 4, indicating the highest severity of flammability hazard.

The characteristics of pyrophoric chemicals and some common examples, are shown in the Table
below. Other spontaneously combustible substances are tabulated by their proper shipping names
and UN/NA numbers in the U.S. Department of Transportation regulation 49 CFR 172.101. For
an extensive listing of pyrophoric materials, refer to reference 9 — Bretherick’s Hazardous
Chemicals Handbook.
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Examples of Pyrophoric Materials °

Category

Examples

Finely divided metals

(without an oxide film)

Aluminum, calcium, cobalt, iron, magnesium, manganese,
palladium, platinum, titanium, tin, zinc and zirconium

Many hydrogenated catalysts
containing adsorbed hydrogen
(before or after use)

Raney nickel catalyst with adsorbed hydrogen

Alkali metals

Sodium, potassium

Metal hydrides

Germane, lithium aluminum hydride, silane, and sodium hydride

Partially or fully alkylated
metal hydrides

triethylbismuth, trimethylaluminum, triethylaluminum, butyl
lithium, diethylaluminum hydride

Aryl metals

Phenyl sodium

Alkyl metal derivatives

Diethoxyaluminum, dimethylbismuth chloride, diethylaluminum
chloride

Analogous derivatives of non-
metals

Diborane, dimethylphosphine, phosphine, triethylarsine

Carbonmetals

Pentacarbonyliron, octocarbonylcobalt

Grignard reagents (RMgX)

Ethylmagnesium chloride, methylmagnesium bromide

Others

Phosphorus (white or yellow), titanium dichloride

4.3.1.3 General Guidance on Handling Spontaneously Combustible Materials

Spontaneously heating materials — These are materials that slowly react with oxygen.

Many

scenarios involving spontaneous heating materials involve a combination of materials exposed to
air, in an insulating situation that prevents heat from a slow oxidation reaction to dissipate and
thus results in a self-heating situation. Common examples are mixtures of paper, sawdust, or
cloth containing hydrocarbons. In this example, the hydrocarbon is on or in the combustible
material, which creates a large surface area. Because of the large surface area, the hydrocarbon
oxidizes relatively rapidly. If the paper, sawdust or cloth is in a large pile or in a container, the
rate of heat loss will be slow. The heat generated can increase the temperature of the mixture
until it self-ignites.

Common methods for controlling these hazards are:

e Prevent hydrocarbons from coming in contact with combustible materials such as
paper, sawdust and cloth;

e Do not allow hydrocarbon contaminated combustible materials such as paper,
sawdust or cloth to accumulate in piles; spread it out so that the heat generated is
dissipated;

% Bretherick, 1986, 71-72: Britton, 1989; Cardillo and Nebuloni, 1992; National Research Council, 1983, 240-241;
Sax & Lewis, 1987, 985
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Another example of spontaneously heating materials are peroxide formers. These are
hydrocarbons that react with oxygen to form a peroxide. In this case, the oxygen can come from
the air, water, or rust. The heat of reaction increases the temperature of the mixture until the
hydrocarbon either ignites or starts to react with the peroxide. Another example is activated
carbon in an air filter exposed to a high concentration of organic vapors.

Common methods for controlling these hazards are:

e Use a peroxide forming inhibitor to the hydrocarbon;
Keep the hydrocarbon cool,

o Develop methods to ensure that oxygen (air) does not get into the system containing
the hydrocarbon, such as using a nitrogen pad on tanks;

e Use corrosion resistant materials of construction;

Hypergolic materials — These materials react instantly with oxidizers. These materials are
extremely dangerous. They are commonly used as a rocket fuel where they are mixed with a
liquid oxidizing agent.

Common methods for controlling these hazards are:

e Develop methods to ensure that oxygen (air) does not get into the system containing
the hydrocarbon, such as maintaining a nitrogen pad on tanks;
Use corrosion resistant materials of construction;
e Develop methods to ensure that the material does not come in contact with any
oxidizing agent
Pyrophoric materials — These materials react spontaneously with air. For pyrophoric liquid and
gases, loss of containment and exposure of the material to air, or the introduction of air into the
process are the most common hazards. Many pyrophoric materials also react with water.

An example of a scenario that has resulted in many fires and explosions in refineries relates to
iron sulfide. An impure, pyrophoric sulfide is formed when streams containing hydrogen sulfide
or other volatile sulfur compounds are processed in ferrous equipment. Oxidation of moist iron
sulfide is highly exothermic. Opening of sulfide-containing equipment without adequate water
purging can result in rapid self-heating and ignition of the iron sulfide, which can then ignite
other residual flammable gases or liquids in the equipment.

Common methods for controlling these hazards are:

e Develop methods to ensure that oxygen (air) does not get into the system containing
the hydrocarbon, such as maintaining a nitrogen pad on tanks;
Use corrosion resistant materials of construction;

e Transfer materials by means of nitrogen pressurization. Do not use pumps;
Nitrogen purge all opened equipment until a dew point of at least -40 °F (-40 °C) is
obtained, prior to introducing any pyrophoric materials;

¢ Install an air-to-open actuated block valve on every pipeline or hose to and from the
tank or container containing the pyrophoric material. Locate the block valve as close
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to the container as possible. Place a solenoid valve in the air supply line to these
valves that can be actuated from several locations in the area and the control room;

e Use plastic tubing for the air supply line. Run and securely attach the plastic tubing
to the pipeline containing the air-to-open valve for a distance of at least 10 from the
container. For hoses, run the plastic tubing for the entire length of the hose. In the
event of fire, the tubing will melt and the block valve will close. Configure the
controls for the solenoid valves so that the deactivation of nay one, deactivates all of
the others;

¢ Dilute the material with a compatible hydrocarbon (mineral oil is frequently used for
this) until the mixture is no longer pyrophoric. Even if this is done, all of the other
recommendations should still be followed:;

e For non-water reactive materials, such as phosphorus and ferrous sulfide, the material
may be stored and handled under a water blanket;

Many metals that are usually thought of as highly corrosion resistant, such as titanium, tantalum
and zirconium, will react with oxygen (air) if they are in the form of dusts or shavings or thin
sheets or tubes, especially at higher temperatures. Aluminum and magnesium can also ignite
under these conditions. Common hazards are machining or grinding on these metals because the
dusts or shavings can ignite, and in turn ignite other dusts, shaving, thin sheets or tubes in the
area. It is not uncommon for towers packed with these materials, or heat exchangers tubed with
these materials to catch on fire during maintenance activities.

Some pyrophoric metals, like aluminum, magnesium, titanium, zirconium and zinc, that don’t
have sufficient surface area to spontaneously ignite; if hot, react with water to generate hydrogen
gas. This creates the potential for a hydrogen explosion.

Common methods for controlling these hazards are:

¢ Do not try to cut these materials with an oxy-acetylene torch; use a saw with a sharp
blade. Use lots of water or cutting fluid to keep the metal and shaving cool,;

e Use copious quantities of cutting oil or fluid when machining the metal; do not let the
shaving get hot;

o Keep the shavings or dust wet or under water;

Common causes of uncontrolled reactions associated with spontaneously combustible materials
include abnormal events such as the following:

* Inadequate cleanout of equipment containing spontaneously combustible substances, prior to
opening to the air for maintenance;

* Inadequate purging of air prior to introducing spontaneously combustible material into piping,
tubing or container

* Equipment or container purged with air instead of an inert gas;
* Air drawn into the system when it is under vacuum;

» Containment over pressurized and vented to atmosphere through a rupture disk or pressure
relief valve
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 Containment over pressurized and ruptured;

* Piping/vessel/container punctured;

* Piping/vessel/container corroded;

* Leakage at seal or connection;

* Mechanical failure of piping, hose or tubing;

» Evaporation of diluent solvent or insufficient solvent added,;
* Cutting/grinding/milling without sufficient coolant;

* Mechanical attrition; e.g., of metal packing.

An example of a scenario that has resulted in many fires and explosions in refineries relates to
iron sulfide. An impure, pyrophoric sulfide is formed when streams containing hydrogen sulfide
or other volatile sulfur compounds are processed in ferrous equipment. Oxidation of moist iron
sulfide is highly exothermic. Opening of sulfide-containing equipment without adequate purging
can result in rapid self-heating and ignition of the iron sulfide, which can then ignite other
residual flammable gases or liquids in the equipment.

4.3.2 Hazard Guide for Self Reactive Materials

4.3.2.1 How to identify Self Reactive materials:

This hazard guide provides resources that should be utilized in the development of a Reactive
Chemical Management System for self reacting materials. These substances can react with
themselves, often with accelerating or explosive rapidity. These substances have various
chemical structures that make them susceptible to at least one of four forms of self-reaction:
polymerizing, decomposing or rearranging or shock sensitive.

Materials carry an instability classification rating (according to the definitions in NFPA 704 -
Standard System for the Identification of the Hazards of Materials for Emergency Response)
when the material poses an instability hazard. Having a nonzero NFPA instability rating is a
straightforward means of identifying self-reactive materials. NFPA 49 and NFPA 325 give
instability ratings for many different industrial chemicals.

4.3.2.2 Definitions and Common Self reactive Materials

Polymerizing — Polymerizing materials are individual molecules that can combine together to
form dimers, trimers or very large, chain-like or cross linked molecules called polymers.
Polymerization reactions are exothermic and often generate a gas. This increases the probability
that the vessel will be over pressurized if adequate controls are
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Examples of common self-polymerizing materials™

Acrolein Ethyl cyanohydrin Propylene
Acrylamide Ethylene Oxide Propylene Oxide
Acrylic acid Ethyleneimine Styrene
Acrylonitrile 2-Ethylhexyacrylate Tetrafluroethylene

1,2-Butene oxide

Hydrogen cyanide

Tetrahydrofuran

Butyl acrylate

Isoprene

Toluene diisocyanate

1,3-Butadiene

Methacrylic acid

Trimethoxy silane

Butyraldehyde Methyl acrylate Vinyl acetate
Crotonaldehyde Methyl isocyanate Vinyl Acetylene
Dichloroethylene Methyl methacrylate Vinyl chloride
Diketene Methyl vinyl ketone Vinyl ether
Divinylbenzene Methylchloromethyl ether Vinyl toluene

Epichlorohydrin

Propargyl alcohol

Vinylidene chloride

Ethylene

Propionaldehyde

19 1ncludes material extracted from NFPA 49, 1994 edition, amended 2001
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Decomposing — Decomposing materials are larger molecules that have the potential for breaking
apart into smaller, more stable molecules.

Examples of Decomposing materials that generate heat and toxic or reactive gas™.

Material

Decomposition products

Aluminum phosphide

Phosphine

Benzenesulfonyl Chloride

Hydrogen chloride, Chlorine, Sulfur oxides

Ammonium perchlorate

Ammonia, Hydrogen chloride, NOx

Calcium hypochlorite

Chlorine, oxygen

Calcium hydrosulfite

Sulfur dioxide, Hydrogen sulfide, Sulfur dust

Dichloroisocyanuric acid (Diclor)

Nitrogen trichloride, Chlorine, Nitrous oxides,
Carbon monoxide

Disulfur dichloride

Hydrogen sulfide, Hydrogen chloride, Sulfur oxides

Formic acid

Hydrogen, Formaldehyde, Carbon monoxide

Sodium hydrosulfite

Sulfur dioxide, hydrogen sulfide, sulfur dust

Sodium hexafluorosilicate

Fluorine

Terephthaloyl Chloride

Phosgene, Hydrogen Chloride, Carbon monoxide

Trichloroisocyanuric acid (Triclor)

Nitrogen trichloride, Chlorine, Nitrous oxides,
Carbon monoxide

Rearranging — Rearranging materials are those where the atoms in a molecule reposition

themselves to form a different molecular structure, such as a different isomer.

1 Includes material extracted from NFPA 49, 1994 edition, amended 2001
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Shock Sensitivity — Shock sensitive materials are those where decomposition can be initiated by
mechanical energy input from an impact or shock wave.

Some common examples of shock sensitive materials

Acetylenic Compounds, especially polyacetylenes, haolacetylenes and heavy metal salts of Acetylenes (copper,
silver, and mercury salts are especially sensitive);

Acyl Nitrates

Alkyl Nitrates, particularly polyol nitrates such as nitrocellulose and nitro glycerin

Alkyl and Acyl Nitrites

Alkyl Perchlorates

Amminemetal Oxosalts: metal compounds with coordinated ammonia, hydrazine, or similar nitrogenous donors
and ionic perchlorate, nitrite, permanganate, or other oxidizing group

Azides, including metal, nonmetal, and organic azides

Chlorite salts of metals, such as silver chlorite (AgCIO,) and Mercury chlorite (Hg(ClO,),)

Diazo compounds such as diazomethane (CH,N,)

Diazonium salts, such as benzenediazonium chloride (Ar-N=N*CI"), when dry

Nitrides, such as silver nitride (AgsN);

Hydrogen peroxide (H,0,) becomes increasingly treacherous as the concentration rises, forming explosive
mixtures with organic materials and decomposing violently in the presence of trace transition metals, such
as manganese (Mg), iron (Fe), chromium (Cr), tungsten (W), silver (Ag) and molybdenum (Mo);

N-Halogen compounds such as difluoroamino compounds and halogen azides;

N-Nitro compounds such as N-nitromethylamine, nitrourea, nitroguanidine, nitric amide;

Oxo salts of nitrogenous bases: perchlorates, dichromates, nitrates, iodates, chlorites, chlorates, and permanganates
of ammonia, amines, guanidide, etc.;

Perchlorate salts; most metal, nonmetal and amine perchlorates can be detonated and may undergo violent reaction
in contact with combustible materials;

Peroxides and hydroperoxides, organic;

Peroxides (solid) that crystallize from or are left from evaporation of peroxidizable solvents;

Peroxides, transition metals salts

Picrates, especially salts of transition and heavy metals, such as nickel (Ni), lead (Pb), mercury (Hg), carbon (C),
and zinc (Zn); picric acid is explosive but is less sensitive to shock or friction than its metal salts and is
relatively safe as a water-wet paste;

Polynitroalkyl compounds such as tetranitromethane and dinitroacetonitrile;

Polynitroaromatic compounds, especially polynitro hydrocarbons, phenols, and amines.
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4.3.2.3 General Guidance on Handling Self-reactive Material
There are five general categories of what can go wrong with self-reactive materials:

The occurrence of an abnormal energy input that is sufficient to initiate an uncontrolled
self-reaction

The presence of a catalytic substance that lowers the energy needed to initiate an
uncontrolled self-reaction

A reduction in the rate at which energy is dissipated to its surroundings, allowing
initiation of an uncontrolled self-reaction

The absence of sufficient activated inhibitor or stabilizer that is needed to prevent
initiation of an uncontrolled self-reaction

Concentration of self-reactive material, resulting in an uncontrolled increase in reaction
rate. (Abnormal reactions with other, incompatible materials that may also serve to
initiate self-reactions that are more energetic are also possible. These can be addressed by
the scenario approach that goes with Question 12.) Initiation of uncontrolled self-
reactions at a given facility can occur in storage or during handling, mixing, physical
processing or chemical reactions.

A few of the many possible causes of uncontrolled reactions associated with self-reactive
materials include the following:

External fire
Building or process temperature control fails high
Loss of building or process cooling

Polymerizing Materials — Polymerizing materials self react to form polymers. This also
generates heat and often gas(s). This type of reaction has caused numerous runaway reaction
incidents resulting in deaths, serious injuries and extensive property loss. Polymers may restrict
flow through the vent line to the pressure relief device, or plug it off completely. The viscosity
of the material will increase making it more difficult to remove heat by circulating the material
through a cooler or the cooling coils within the vessel. The high viscosity can also create
stagnant zones making it impossible to obtain an accurate measurement of the temperature in the

vessel.

Common methods for controlling these hazards are:

e Use an inhibitor when possible. Monitor the inhibitor concentration periodically to
ensure that there is a sufficient amount present. If oxygen is needed to activate the
inhibitor, monitor the oxygen concentration to ensure that there is a sufficient amount
present;

e Keep the material cool. This will reduce the rate of polymer formation;

e Provide means to ensure that the temperature in the vessel is always at least 50 °C
below the onset temperature;

e Provide a redundant rupture disk mounted directly to the top of the vessel in addition
to the code required rupture disk — pressure relief valve combination;
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e Provide a nitrogen purge below the rupture disk and into the vent line to the pressure
relief device;

e Use redundant temperature and pressure monitors, alarms and interlocks to take the
process to a safe condition if the process is deviating from the safe operating
envelope;

e Use an inert material of construction. Corrosion products like rust often act to lower
the onset temperature and or catalyze the polymerization reaction;

Decomposing materials — Decomposing materials are those that breakdown into their primary
components, such as C, CO,, CL2, H, HCI, and SO,. This decomposition is usually initiated by
heat input (temperature) or physical energy input. Some materials like calcium hypochlorite,
sodium hydrosulfite and trichloroisocyanurate decompose slowly at ambient temperature. If
containers of these materials contain too much material, or the containers are packed closely
together, the heat of decomposition will not be adequately dissipated. This will cause the
temperature of the material to increase, which increases the decomposition rate. If action is not
taken quickly, the material will catch on fire. A runaway reaction can sometimes obtain a
temperature where the materials present breakdown into gases, which causes the pressure in the
vessel to rise even quicker. Frictional heat from shaft seals and packing can sometimes generate
sufficient heat to initiate a decomposition reaction. The heat of compression within a
compressor may generate sufficient heat to initiate a decomposition reaction.

Common methods for controlling these hazards are:

e Determine and understand the thermochemical characteristics of the materials in the
process;

e Determine the maximum amount of material that can be piled, stored or shipped in a
given piece of process equipment or container and use a size of container that
provides a significant safety margin;

e Store materials with a spacing that is adequate to allow dissipation of the heat of
decomposition;

e Provide a means to ensure that materials are at least 50 °C below their self
accelerating decomposition temperature;

e Provide area monitors and alarms in enclosed areas for decomposition products;

e Provide redundant temperature and pressure monitors, alarms and interlocks that will
take the process to a safe condition if the process deviates from the safe operating
envelope;

e Provide a means to ensure that gases are not compressed to a pressure that approaches
that with will cause decomposition of the gas;

¢ Provide redundant temperature monitors, alarms and interlocks that will take the
process to a safe condition if the temperature of the compressor heads or cooling
water exceeds a predetermined safe level,

e Provide dry air or inert gas purges to shaft seals or packings on all solids handling
equipment;
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A few of the many possible causes of uncontrolled reactions associated with self-reactive
materials include the following:

External fire

Building or process temperature control fails high

Loss of building or process cooling

Excess heating or drying

Contact with hot surface/equipment

Overheated seal or bearing

Cavitation or dead-head pumping of liquid

Adiabatic compression of self-reactive gas or vapor

Hot work in area or on equipment containing self-reactive material

Electric sparking or arcing

Dropping of or impact with container

Foreign object caught between agitator and tank wall

Catalytic substance remains in container or equipment due to reuse, corrosion or
inadequate clean-out

Catalytic substance inadvertently added to process

Improper material of construction or incorrect seal material, etc. in contact with substance
Packaging material in too large of a container

Overstacking of containers or insufficient spacing between containers

Loss of heat transfer due to fouling, added insulation, inadequate air movement, etc.
Concentration of diluted formulation by evaporation or distillation

Leak or spill of substance, especially where heat transfer is minimal (e.g., insulation)
Accumulation of dust/powder in dust collection or vent system

No or insufficient stabilizer/inhibitor added

Wrong substance added as stabilizer or inhibitor

Inhibitor consumed or reacted

Air totally displaced in vapor space of container, not allowing inhibitor to be activated
Overheating or contamination of material disables stabilizer/inhibitor

Material stored for longer than its recommended shelf life; inhibitor or stabilizer
consumed over time

Segregation of inhibitor or stabilizer, resulting from freezing or precipitation
Operation at too high pressure (e.g., acetylene, ethylene, ethylene oxide)

Tool or other equipment dropped on shock-sensitive material

Other abnormal energy input such as by electrical discharge or friction.
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4.3.1 Hazard Guide for Oxidizers and Peroxide Formers

4.3.3.1 How to identify oxidizers:

This hazard guide provides resources that should be utilized in the development of a Reactive
Chemical Management System for oxidizers. These substances readily yield oxygen or other
oxidizing gas, or readily react to promote or initiate combustion of combustible materials.
Organic peroxides are one special class of oxidizers that may also be flammable or combustible
and are often self-reactive (thermally decomposing).

Oxidizing materials are identified with an Oxidizer (OX) classification rating as a special hazard
in the white (bottom) quadrant of the NFPA diamond, according to the definitions in NFPA 704 -
Standard System for the Identification of the Hazards of Materials for Emergency Response.
Being identified with a NFPA designation of OX is a straightforward means of identifying
oxidizers. NFPA 49 and NFPA 325 give ratings for many different industrial chemicals.

In addition, oxidizers will nearly always be identified as such on their MSDSs or International
Chemical Safety Cards. They may be identified as DOT/UN Hazard Class 5.1 or 5.2 materials
for shipping purposes and labeled as oxidizers or organic peroxides, respectively. However,
some oxidizers are classified otherwise. Chlorine, for example, is DOT/UN Class 2.3 (gases
toxic by inhalation) and labeled as POISON GAS for shipping purposes; it may also be labeled
as a corrosive material. Liquid oxygen is Class 2.2 (nonflammable non-toxic compressed gases)
but should be labeled as NONFLAMMABLE GAS and OXIDIZER.

4.3.3.2 Definitions and Common Oxidizers

Organic peroxide — An organic compound that contains the bivalent -O—O- structure and which
may be considered to be a structural derivative of hydrogen peroxide where one or both of the
hydrogen atoms has been replaced by an organic radical.

Oxidation — Depending on the context, oxidation can either refer to (a) a reaction in which
oxygen combines chemically with another substance, or (b) any reaction in which electrons are
transferred. For the latter definition, oxidation and reduction always occur simultaneously
(redox reactions), and the substance that gains electrons is termed the oxidizing agent. Electrons
might also be displaced within a molecule without being completely transferred away from it.

Oxidizer — Any material that readily yields oxygen or other oxidizing gas, or that readily reacts
to promote or initiate combustion of combustible materials. More generally, an oxidizer is any
oxidizing agent.

Peroxide — A chemical compound that contains the peroxy (-O—O-) group, which may be
considered a derivative of hydrogen peroxide (HOOH).
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Typical Oxidizers ** (Johnson et al., 2003)

Ammonium dichromate

Lead dioxide

Silver peroxide

Ammonium nitrate

Lead perchlorate

Sodium bromate

Ammonium perchlorate

Lithium chlorate

Sodium carbonate peroxide

Ammonium permanganate

Lithium hypochlorite

Sodium chlorate

Ammonium persulfate

Lithium perchlorate

Sodium chlorite

Amyl nitrate

Lithium peroxide

Sodium dichloro-s-triazinetrione
(sodium dichloroisocyanurate)

Barium bromate

Magnesium bromate

Sodium dichloro-s-triazinetrione
dihydrate

Barium chlorate

Magnesium chlorate

Sodium dichromate

Barium hypochlorite

Magnesium perchlorate

Sodium perborate (anhydrous)

Barium perchlorate

Magnesium peroxide

Sodium perborate monohydrate

Barium permanganate

Manganese dioxide

Sodium perborate tetrahydrate

Barium peroxide

Mercurous chlorate

Sodium percarbonate

Bromine pentafluoride

Monochloro-s-triazinetrione acid

Sodium perchlorate

Bromine trifluoride

Mono-(trichloro)-tetra-(monopotassium
dichloro)-penta-s-triazinetrione

Sodium perchlorate monohydrate

1-Bromo-3-chloro-5,5-
dimethylhydantoin (BCDMH)

Nitric acid and fuming nitric acid

Sodium permanganate

Calcium chlorate

Nitrites, inorganic

Sodium peroxide

Calcium chlorite

Nitrogen oxides (NO,)

Sodium persulfate

Calcium hypochlorite

Oxygen

Strontium chlorate

Calcium perchlorate

Peracetic acid

Strontium perchlorate

Calcium permanganate

Perchloric acid solutions

Strontium peroxide

Calcium peroxide

Potassium bromate

Tetranitromethane

Chloric acid (10 percent
maximum concentration)

Potassium chlorate

Thallium chlorate

Chlorine

Potassium dichloro-s-triazinetrione
(potassium dichloroisocyanurate)

Trichloro-s-triazinetrione
(trichloroisocyanuric) (acid all forms)

Chlorine trifluoride

Potassium percarbonate

Urea hydrogen peroxide

Chlorosulfonic acid

Potassium perchlorate

Zinc bromate

Chromium trioxide (chromic
acid)

Potassium permanganate

Zinc chlorate

Copper chlorate

Potassium peroxide

Zinc permanganate

Guanidine nitrate

Potassium persulfate

Zinc peroxide

Halane (1,3-dichloro-5,5-
dimethylhydantoin)

Potassium superoxide

Hydrogen peroxide solutions

n-Propyl nitrate

4.3.3.3 General Guidance on Handling Oxidizing Materials and Peroxide Forming Materials
Inadvertent contact of oxidizers with reducing agents, including combustible materials, is the
most important issue regarding what can go wrong when handling oxidizing substances (Johnson
et al., 2003). This contact will increase the burning rate of the combustible materials; it may also
cause a fire to ignite without any additional ignition source. Some oxidizers can also undergo
self-sustained decomposition, vigorously or explosively, when contaminated or exposed to heat

12 The table was derived from NFPA 49 and Appendix B of NFPA 430 which list some typical oxidizers. It is by no
means a complete list. Organic peroxides are not included individually in this list. NFPA 432 can be consulted for
typical organic peroxide formulations. Volume 2 of Bretherick’s Handbook (Urben 1999, 287-291) lists many
structures and individual chemical compounds having oxidizing properties
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or shock. Possible causes of uncontrolled reactions associated with oxidizers include abnormal
events such as:

e Leak or spill of oxidizer from its containment
¢ Contamination of oxidizer with material that will promote or initiate its
decomposition
e Water-soluble oxidizer dissolved in water, which contaminates packing material,
pallets, or drainage system
e Contact of oxidizer with heated surface
e Overheating of room or process containing oxidizer
¢ Involvement of both oxidizer and combustibles in building fire
o Improper disposal of off-specification or spilled oxidizer
e Re-use of containers without sufficient cleaning
e Inadvertent mixing of oxidizer with reducing agent/combustible material in process
equipment
e Common dust collection system used for solid oxidizer and reducing agent/
combustible material.
NFPA 430, Code for the Storage of Liquid and Solid Oxidizers, gives recognized and generally
accepted good engineering practices for controlling liquid and solid oxidizer hazards. For
gaseous oxidizers, codes, standards, and recommended practices will be specific to the actual
oxidizer in use. For example, Chlorine Institute publications (www.chlorineinstitute.org) should
be consulted when chlorine is the oxidizer of concern. The Compressed Gas Association
(www.cganet.com) is another source to be consulted for other gaseous oxidizers such as oxygen.

Organic peroxides (CCPS, 1995) — The organic peroxides are a class of chemicals that have a
peroxide (O-O) bond with organic substituents. Organic peroxides are commercially important
because they are relatively unstable. They are readily decomposed by heat or chemical agents,
yielding free radicals that function as polymerization initiators and curing agents. The same
instability that makes organic peroxides useful requires that special precautions be taken in their
storage and handling. If not handled properly, organic peroxides can be extremely hazardous.
However, the degree of hazard differs from product to product. Some peroxides, such as methyl
ethyl ketone (MEK) peroxide, are so reactive they are not commercially available in
concentrations over 60%. Explosive decomposition of dibenzoyl peroxide can be initiated by
friction if allowed to dry and be carelessly handled. However, many other organic peroxide
formulations are no more hazardous than ordinary combustibles.

The primary hazards involved in the safe storage and handling of organic peroxides are thermal
sensitivity and, in many cases, flammability or combustibility. In addition, the stability of
organic peroxides can be significantly affected by various contaminants.
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All organic peroxides should be considered flammable or combustible unless and until the
specific flammability characteristics are known. Most will burn vigorously once ignited, and
some are susceptible to detonation if not diluted (such as dry benzoyl peroxide) or if confined
when decomposition occurs.

Organic peroxides also all exhibit sensitivity to heat, which increases with the reactivity of the
peroxide. Organic peroxides are constantly undergoing decomposition, at a rate that is
dependent on the temperature of the material. When thermal energy available from the heat of
decomposition exceeds the rate of heat dissipation to the surroundings, the increasing
temperature accelerates the decomposition of the remaining peroxide. This may proceed out of
control in a characteristic “runaway reaction” decomposition. The danger of runaways is
increased for some peroxides, such as cumene hydroperoxide, because the decomposition is
autocatalytic; i.e., the decomposition products catalyze further decomposition and cause the
reaction to self-accelerate.

Accelerated decomposition of organic peroxides can also be caused by chemical contamination.
Certain chemicals initiate rapid decomposition at ambient temperatures. These hazards
demonstrate the importance of safety in the storage and handling of organic peroxides.

NFPA 432, Code for the Storage of Organic Peroxide Formulations, provides recognized and
generally accepted good engineering practices for specific details of organic peroxide storage
arrangements. This standard also gives a classification of organic peroxide formulations relative
to their decomposition and flammability hazards.

4.3.4 Hazard Guide for Water Reactive Materials

4.3.4.1 How to identify water reactive materials:

This hazard guide provides resources that should be utilized in the development of a Reactive
Chemical Management System for water reactives. These substances readily react with water
humid air which often promotes or initiates combustion of combustible materials or flammable
off gasses.

Water reactive materials are identified with a W classification rating as a special hazard in the
white (bottom) quadrant of the NFPA diamond, according to the definitions in NFPA 704 -
Standard System for the Identification of the Hazards of Materials for Emergency Response.
NFPA 49 and NFPA 325 give ratings for many different industrial chemicals.

In addition, water reactives will nearly always be identified as such on their MSDSs or
International Chemical Safety Cards. They may be identified as DOT/UN Hazard Class 4.2 or
sometimes 4.3 materials for shipping purposes and are labeled as Dangerous when wet or
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Spontaneously Combustible solid, respectively. Not all DOT 4.3 combustible solids are water
reactive but many water reactives are also 4.3 combustible solids.

4.3.4.2 Definitions and Common Water Reactives

A large number of compounds react exothermally and violently with water, particularly with
restricted amounts of the water. Many of these compounds fall within the groups: acid
anhydrides, acyl halides, alkali metals, alkylaluminium derivatives, alkylnon-metal halides,
complex hydrides, metal halides, metal hydrides, metal oxides, non-metal halides (and their
oxides), non-metal oxides™. These compounds are sometimes identified with the symbol W
below the NFPA ratings. Please be aware that the absence of W in the ratings area does not
necessarily mean the compound is not water reactive. For the final word one must check the

chemical compatibility section of the MSDS.

Some Chemical Categories Susceptible to Water Reactivity

Category

Examples

Alkali and alkaline-earth metals

Calcium, potassium, sodium, lithium

Anhydrous metal halides

Aluminum tribromide, germanium tetrachloride, titanium
tetrachloride

Anhydrous metal oxides

Calcium oxide

Chlorosilanes

Methyldichlorosilane, trichlorosilane,
trimethylchlorosilane

Epoxides (e.g., with acid present)

Butylene oxide, ethylene oxide, diepoxy butane,
epibromohydrin

Finely divided metals (no oxide film)

Aluminum, cobalt, iron, magnesium, titanium, tin, zinc,
zirconium

Grignard reagents; organometalics

Ethylmagnesium chloride, methylmagnesium bromide

Inorganic acid halides

Phosphoryl chloride, sulfuryl chloride, chlorosulfonic acid

Inorganic cyanides

Barium cyanide, calcium cyanide, cyanogen chloride,
silver cyanide

Isocyanates n-Butyl isocyanate, methyl isocyanate, toluene
diisocyanate

Metal alkyls Triethylaluminum, Butyl lithium

Metal amides Lead amide, potassium amide, silver amide, sodium amide

Metal hydrides

Calcium hydride, lithium aluminum hydride, sodium
borohydride

Non-metal hydrides

Boron trifluoride, phosphorus trichloride, silicon
tetrachloride

Nonmetal oxides

Phosphorus pentoxide, sulfur trioxide

Organic acid halides and anhydrides

Acetic anhydride, acetyl chloride

Nitrides, phosphides and carbides

Aluminum phosphide, calcium carbide, gallium phosphide

13 Bretherick’s Reactive Chemical Hazards

Copyright © 2012 AIChE

Page |96




RMT Help Guide v1.0 January 2012

Some Materials That React with Water

Acetic Anhydride

Diethylaluminum hydride

Phosphorus oxychloride

Acetyl chloride

Diethylzinc

Phosphorus pentachloride

Alkyl aluminums

Diketene

Phosphorus pentasulfide

Allyl trichlorosilane

Diisobutylaluminum hydride

Phosphorus tribromide

Dipropylaluminum hydride

Dimethyldichlorosilane

Phosphorus trichloride

Aluminum chloride (anhydrous)

Diphenyldichlorosilane

Potassium, metal

Aluminum phosphide

1,2-Ethanediol Diformate

Potassium-sodium alloys

Amyl trichlorosilane

Ethyl Chloroformate

Propionic anhydride

Benzoyl chloride

Ethyldichlorosilane

Propionyl chloride

Boron tribromide

Ethyl oxalate

Propyltrichlorosilane

Boron trifluoride

Ethyl silicate

Silicon tetrachloride

Boron trifluoride etherate

Ethyl trichlorosilane

Silicon tetrafluoride

Bromine pentafluoride Ethylaluminum dichloride Sodium, metal

Bromine trifluoride Ethylaluminum sesquichloride Sodium dichloro-s-triazinetrion
dihydrate

Butylacrylate Fluorine Sodium hydride

n-Butyl isocyanate Gallium arsenide Sodium hydrosulfite

Butylithium Gallium phosphide Sulfuric acid

Butyric anhydride Germane Sulfur chloride

Calcium, metal

Isobutyric anhydride

Sulfur dichloride

Calcium carbide

Isophorone diisocyanate

Sulfuryl chloride

Calcium chloride

Lithium, metal

Tetraethyl lead

Caprylyl chloride

Lithium aluminum hydride

Tetramethyl lead

Chlorine trifluoride

Lithium hydride

Titanium tetrachloride

2-Chloropropionyl chloride

Thionyl chloride

Tributyl phosphite

Chlorosilanes

Methylaluminum sesquibromide

Trichlorosilane

Chlorosulfonic acid

Toluene-2,4-diisocyanate

Triethylaluminum

Chromium oxychloride

Methylaluminum sesquichloride

Triethylborane

Cyanamide Methyl borate Trihexyl phosphite
Decaborane Methyldichlorosilane Triisobutylaluminum
Diborane Methyl isocyanate Trimethylaluminum

Dichloroacetyl chloride

Methylenediisocyanate

Trimethylchlorosilane

Dichlorosilane

Methyl lactate

Tripropylaluminum

Diethylaluminum chloride

Methylpentaldehyde

Vanadium tetrachloride

2-(Diethylamino)ethyl Acrylate

Methyltrichlorosilane

Vinyl trichlorosilane

Diethyl carbamyl chloride

Monochloro-s-triazinetrion acid

Zirconium tetrachloride

Diethyl telluride

Mono-(trichloro)tetra-
(monopotassiumdichloro)-
penta-s-triazinetrione

Diethylaluminum chloride

Octadecyltrichlorosilane

4.3.4.3 General Guidance on Handling Water Reactive Materials
With water being ubiquitous in most manufacturing settings, care must be taken to exclude these

compounds from all potential sources of water. Sources of water include floor washing, fire
sprinklers, humid air and many others. Water reactives are best handled in sealed, inerted
systems if at all possible. Often with water reactive solids this is not possible and inadvertent
commingling with water must be considered a highly credible mixing scenario for purposes of
this tool or the Process Hazard Review.
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In addition to heat generation one must pay attention to the possibility of flammable, toxic or
corrosive gas emission in the presence of water or moist air. Many compounds with low water
solubility react only slowly at first, erupting unexpectedly and violently upon mixing by either
mechanical means or by gas evolution or boiling. Examples of this are chunk sodium metal,
oxalyl chloride, Phosphorous Oxychloride. Many liquid acid chlorides can phase separate from
water to create this phenomenon. One must be careful of this phasing during “controlled” water
quenches of these compounds. Often reactor sensors will give little clue (until it is too late) that
dangerous amounts of water are building up in the presence of the water reactive being
guenched. One must also be aware that aqueous waste from a water reactive quench may still
contain phase separated water reactives which will continue to react, causing a burst drum.
Analytical testing should assure complete quench prior to drumming or otherwise disposing of
the waste. Relying on a loose drum bung for venting of an incomplete quench is a recipe for
disaster. Sealing of water reactive compounds in non-inerted or poorly inerted drums can cause
drum bulging or rupture from slow reactivity (and subsequent gas production) with the moist air
within.

What Can Go Wrong?

Inadvertent contact of a water-reactive material with water is obviously the most important issue
regarding what can go wrong. Due to the prevalence of water in living tissues, water-reactive
materials are often toxic or corrosive as well, so loss of containment is often an additional
concern. The following are some of the possible causes of uncontrolled reactions associated
with water-reactive materials:

* Inadequate drying or purging of equipment before adding material

* Humidity in incoming air or gas

* Leakage of water from cooling coil into process

» Water line connected and valved in

* Aqueous instead of anhydrous raw material added

* Anhydrous instead of aqueous raw material received or selected

 Rainwater, sprinkler water, etc. onto cardboard container

* Cleanouts for maintenance

» Steam-out of equipment before use

* Piping/vessel/container punctured

* Piping/vessel/container corroded

» Spill into dike or trench containing water

* Mechanical failure of piping or tubing

* Uncontrolled mixing of reactive phases.
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4.4 Developing Credible Scenarios
A process hazard analysis (PHA) is a structured approach to search a chemical process for
hazards. It answers the question “What can go wrong?” For the purpose of the Reactivity
Management Tool we are searching for reactivity hazards in the process. The CCPS Risk Based
Process Safety Management (RBPS) system and the OSHA Process Safety Management
Standard (PSM) require that a process hazard analysis be done on chemical processes. RBPS
requires a PHA on all chemical process while OSHA PSM requires a PHA on processes with
listed chemicals at or above the threshold quantities.
Some companies have a structured a review process that specifically focuses on identifying
reactivity hazard scenarios and evaluating the need for safe guards. Other approaches include
the use of traditional hazard evaluation techniques including:

e Hazop

e FMEA

e What if

e Check list

e What if/Check List
“What if” analysis is a brainstorming method that asks the question “what if” for the process
being evaluated. For example, the question could be asked “what if catalyst is not charged at the
right time?” The consequence may be layering of unreacted material with the chance of a
sudden exothermic reaction when catalyst is added. The scenario would be “adding catalyst at
the wrong time resulting in a sudden exothermic reaction of A and B”. This approach requires an
experienced team with the expertise to ask all the relevant “what if “questions so all the
reactivity scenarios are identified.
Refer to the CCPS guideline book entitled Guidelines for Hazard Evaluation Procedures, Third
Edition™ for a detailed description of process hazard analysis methods.

If you have done a PHA on the process of concern, you can enter the scenarios identified in the
PHA into the Reactivity Management tool program.
If you have not done a PHA, the program will step through a check list of questions you can use
to identify reactivity scenarios (What can go wrong).
Examples include:
e Loss of utility scenarios
For example a loss of electrical power could shut down a critical reactor cooling
water pump with a loss of cooling resulting in overpressure of the reactor and loss of
containment.
e Process variation or upset scenarios
For example, if a process is normally run at a temperature close to the onset
temperature of a runaway reaction, a process upset may result in the temperature of

14 CCPS (2008). Guidelines for Hazard Evaluation Procedures (3rd Edition).. CCPS/AIChE. Online version
available at: www.knovel.com
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the process exceeding the onset temperature resulting in a runaway reaction and loss
of containment.

e Energy input or variation scenarios
For example, if 150 psig steam is used to heat up a reactor, and a regulator failure
results in 400 psig steam inadvertently flowing to the reactor, the higher temperature
of the steam may result in an unanticipated rate of reaction or a runaway reaction.

e Mechanical failure scenarios
For example, if agitation is lost while reactants are being added into a reactor, the
lack of mixing may result in a layering of reactants that could suddenly mix with a
heat generation rate exceeding the heat transfer capacity of the reactor resulting in
over pressure and lack of containment..

¢ Inadvertent mixing and wrong material of construction scenarios
For example, if caustic is inadvertently added to a sulfuric acid storage tank, the
unanticipated heat of reaction may result in over pressuring the tank and a loss of
containment.

e Human error scenarios
For example, the scenario above could be caused by the operator inadvertently
connecting the caustic unloading hose to the inlet piping of the sulfuric acid storage
tank.

e Any other scenarios
o The intended chemistry should be evaluated as a scenario. Also any strong
interactions identified by the binary interaction matrix should also be
evaluated.
o Careful analysis by a team of process experts may identify other reactive
scenarios of concern.

You may want to step through the check list questions to identify additional reactivity
scenarios you may have missed during the PHA.

4.5 Determining Heat of Reaction

4.5.1 Calculating heat of reaction
A quick estimation of the heat of reaction can be determined using Benson groups. A convenient
way to do these calculations is with a program such as CHETAH®.*

Entering the reaction Acetophenone + Bromine - Bromoacetophenone + HBr into CHETAH®
results in a AH,y, value of -3.96Kcal/mole. This converts to -16.6 kJ/mole

15 See www.astm.org
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The molecular weight of acetophenone = 120.2g.mole
The molecular weight of bromine is 159.8g/mole

Thus the total weight of a 1 mole reaction would be 120.2+159.8 = 280g = 0.28kg

Set up the ratio:

Thus we have estimated the reaction energy of this interaction to be -59.3 kJ/kg
This must be entered into the program as a positive number because it results in an
exotherm.

4.5.2 Crude xperimental methods for estimating heat of reaction

Presented here is a quick but crude method to assess heats of reaction experimentally. One or
both materials must be a liquid. This method is unlikely to properly assess reactivity between
two dry solids.

Safety Note: in a case such as this one where an explosion is predicted
a pre-test on milligram scale is recommended. Take a minute amount
of the first material, place on a non-porous surface inside a fume hood
and behind a blast shield. Carefully add a minute amount of the
second reagent using a long handled spatula or pipette and observe
several minutes for reaction.

Small amounts of the reactants can be quickly mixed on a well insulated flask or dewer. This
method will ALWAYS give lower than actual exotherm results. Small volume reactions have
very high heat transfer to the environment and also a large sample mass to container mass ratio.
To get an accurate heat value requires absolute adiabaticity and a phi = 1- neither condition is
met by this method. The phi-factor is the ratio of the thermal mass of the sample and sample
holder to the thermal mass of the sample alone.
Possible procedure:

e The reactants must be at room temperature.

e Put the stir bar into the flask and begin stirring.

e Add approximately 5ml or 5g the liquid reagent at room temperature.

e Insert thermocouple or thermometer into liquid

e Begin stirring and allow thermocouple to settle

e Install secondary blast protection

e Carefully add 5ml or 5g of the second material
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e Observe and record temperature for at least 5 min or until it stops rising and starts
to fall.

e Subtract the Highest temperature recorded from the start temperature this will be
your crude adiabatic heat rise. Remember this value is less than your actual value
and there is no good way of estimating how much less. The longer it took for the
maximum temperature to be reached or the higher the temperature reached the
worse the accuracy of your results will be.

e You mist guess the heat capacity of the solution. Usually ~2 kJ/°C*kg for
organics and ~4 kJ/°C*kg for aqueous solutions

[ ]

Example calculation:
Upon mixing, the reaction temperature proceeded from 22°C to 62.5°C and then started to drop
as recorded in the data set below

Raw Data Table

Time (sec) temperature ATy =62.5°C — 22°C =40.5°C

0 22

30 23 Assume an organic reaction so heat capacity estimate
60 25 will be 2 kJ/°C*kg

90 28

120 35 40.5°C * 2 kJ/°C*kg = 81kJ/kg

150 50

180 60 This result may be entered directly into the scenario
187 62.5 heat of reaction box without changing the sign as it
200 60 already denotes an exotherm. In the case of large heat

rises such this it would be a good idea to add a margin
of safety to this value — perhaps multiplying it by two or three to compensate for the non-
adiabaticity of the test.

a Common miss-uses of this method
Pitall . .
Running above ambient temperature
alert e Using a heating or cooling bath instead of dry insulation or a dewer.
e Experiment reaches maximum temperature more than 5 minutes after mixing

4.5.3 Reaction calorimetry for heat of reaction determination

By far the best way to definitively determine the heat of reaction is using a reaction calorimeter.
Calorimeters vary widely in price and in actual fact any jacketed reactor that measures Tr and Tj
can be used as a calorimeter once properly calibrated. The heat of reaction data required to
assess safety does not need to be accurate to the third decimal place. In fact plus or minus 10 or
even 20% is quite acceptable. One wonders whether one should actually be scaling up a reaction
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that is declared safe because the uncertainty of the measurement has been reduced to a few
percent from 10 or 20%. Calibration methods for jacketed flasks can be as simple as performing
an acid base reaction of known energy.

It is highly recommended that users pursue testing in a real calorimeter when heats of reactions
become large or when the evaluation of the process scenario cannot determine the safety of the
scenario. There are many consulting and testing laboratories throughout the world eager and
able to help for the proper fee. This is money well spent considering the consequences a severe
reactivity incident.

4.6 Calculation of Adiabatic Temperature Rise and MTSR

The program provides the user two methods of entering the adiabatic temperature rise. You can
enter the value directly or have the program calculate it for you from the Heat of reaction you
have entered previously and a heat capacity.

The starting temperature is needed for each reaction in question. Since a chemical interaction or
decomposition may be occur under a variety of starting conditions in different equipment, the
same reactivity may need to be evaluated multiple times using different parameters for each.

The heat capacity of the reaction mixture is also needed. For organic systems, in the absence of
any other data, a value of 2 J/g°C can be used most aqueous systems have a heat capacity of 3 to
4J/°C.

Once the program has the adiabatic temperature rise it adds this value to the Starting temperature
to obtain an MTSR for the scenario. It is important that you compare this MTSR to any
decomposition onset that is not included in the heat of reaction value inputted earlier. If the
MTSR exceeds the decomposition onset minus an appropriate safety margin then the
decomposition energy must be added to the heat of reaction and the MTSR recalculated using the
larger heat of reaction value.

A temperature of concern needs to be established. These values are determined by the user but
may include values such as the maximum allowable temperature of the equipment, the onset
temperature of a runaway reaction, or some other value.

4.7 Determining Temperature of Concern

A temperature of concern needs to be established. The temperature of concern is the temperature
that results in an unsafe condition or incident. These values are determined by the user and are
specific to the process being evaluated. The temperature of concern should be selected as the
lowest temperature that results in an unacceptable safety risk. This requires an understanding of
the process and the processing equipment.

Examples include:

e The maximum allowable temperature of the equipment

e The onset temperature of a decomposition leading to gas evolution or thermal runaway

e The temperature that produces an over pressure in a sealed vessel - remembering that
normally vented vessels can and do get sealed by mistake or failure
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e The temperature that increases the reaction heat output beyond the heat removal capacity of
the vessel (runaway reaction)
The temperature that increases the gas generation rate beyond the vessel's ability to vent
The temperature at which gas evolution causes unacceptable swelling or foaming
The flash point of the reaction mixture when inerting is not present (more conservatively the
fire point)

Examples of conditions not usually chosen
e The temperature at which unacceptable product or yield occurs (not safety related)
e The boiling point of the reaction mixture unless the vapors present a safety concern

There are some cases such as some uncontained spill scenarios involving non-combustibles
producing non-combustible products™® - where there may not be a temperature of concern. In
this case just input a large number as heat is not a safety risk factor.

4.8 Determining Maximum Reaction Pressure

The maximum reaction pressure needs to be determined for the reaction in question. This
pressure is not only a function of the gas generated by the reaction but also the vapor pressure of
the components in the reaction mixture. For this reason, not only is the amount of gas generated
needed, but the starting pressure and temperature, the heat of reaction, the heat capacity, the
vapor space available, and the vapor pressure of the mixture.

The data needed to conduct this calculation includes stoichiometery of the reaction which
includes the quantity of gas generation, the starting temperature, the starting pressure, and the
heat of reaction. Details about the specific equipment being used are also needed such as the
amount of material present and the available vapor space.

For a known reaction that generates gas, such as a synthesis reaction, determination of the
stoichiometery is straight forward. However, in the case of a decomposition reaction, literature,
testing, or calculation will likely be needed to determine the products of the reaction. In this
case, calculation of the products of the reaction can grossly over predict the amount of gas
generation if the calculation depends on the maximization of enthalpy. Minimization of Gibb's
free energy is the preferred calculation method.

4.8.1 Calculating Pmax for Napp Scenario from 5.2 Worked Examples
We know from the CSB report that the adiabatic heat rise of the ACR 9031 is 486°C. Thus even
a little water would initiate a self sustaining decomposition throughout the batch.

1 An example is a spill on the processing floor of 37% hydrochloric acid and sodium chloride the result of a pallet
falling off a forktruck causing the drums to burst open. The product will be hydrogen chloride gas and salt water.
This may have serious consequences because of toxic gas or corrosion but the temperature of the resulting mixture
will - in most cases - be inconsequential to the hazardous conditions created because none of the products have a
flashpoint or autoignition temperature.
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Thus the blender charge would be:
Thus the blender charge would be:
*5400 Ib =2115.5 kg Na2S203 molecular weight 158g/mole

2,115,500¢g / 158 g/mole = 13,389 moles Na2S203

Each mole of decomposing Na2S203 gives off 1 mole of SO2 thus 13,389 moles of SO2
are released on complete decomposition.

*900 1b = 335.9 kg K2CO3 molecular weight 138 g/mole
335.9000g / 138 g/mole = 2434 moles

Each mole of decomposing K2CO3 gives off 1 mole of CO2 thus 2434 moles of CO2 are
released on complete decomposition.

P=nRT/V

e R=0.083 bar*L/mole*K

e T=779K :7293K (20°C starting temp) + 486 (adiabatic heat rise)

e V Assumed from drawling in CSB report that head volume is roughly equal to the
fill volume of 6 m3 = 6 m3 = 6,000L

e n=9,948 = 8354 moles Na2S203 + 1594 moles CO2

P=0.083*15823*779/6000=175 bar or 2572.5 psig.

In the above calculation, if the relief valve on the reactor is set at 100 psig. (Pressure of concern)
there will be a release and loss of containment.

4.9 Determining Pressure of Concern

A pressure of concern needs to be established. The pressure of concern is the pressure that
results in an unsafe condition or incident, this value is determined by the user and may include
values such as the maximum allowable working pressure of the equipment, the set pressure of a
relief device on the equipment, or some other value. The pressure of concern can result in a loss
of containment, equipment failure and injury to personnel from thermal effects, explosion,
shrapnel or toxic release.
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4.10 Determining the Validity of Information from Matrix Reports

The matrix reports generated are extremely conservative. If any compound with a certain
functional group is known to react with another - ALL chemical pairs with the same reactivity
group pairings are flagged as having that reactivity. The reactivity matrix should be used as the
starting point for where to look for reactivity problems - NEVER as the definitive answer to what
reactivities will occur.

The outputted reports must be checked for accuracy prior to taking action or determining
that no action is required. The reactivity matrix is based on functional group reactivities and
makes sweeping generalizations to accomplish these reactivity predictions. This will result in
the possibility of a small number of false negatives where no reactivity is predicted by the tool
but reactivity does actually exist. By far the majority of the inaccuracies will be over prediction
of reactivity. This is a conservative approach that can cost a lot of time and money on
remediation of problems that do not exist. It is recommended that all predictions of violent
reactivity be investigated safely on a very small scale to confirm the CRW?2 predictions.

The warehousing segregation matrix is even more likely to produce conservative
separations because it’s algorithm relies on only a handful DOT labels which are essentially high
level reactivity categories. Chemicals marked in the program with a label of “unknown” ,
“Radioactive” or “explosive” result in very large separation predictions. Utilizing the reactivity
matrix produced above may allow the more savvy user to significantly reduce predicted
segregations. It is strongly suggested that the reactivity matrix be checked by testing before
attempting any reduction of segregation distances. The segregation matrix makes no attempt to
segregate water reactive compounds from sources of water such as warehouse fire protection or
drains. The user should always be mindful of the potential consequences or fate of any potential
spill when selecting a storage facility.
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5 Worked Examples

5.0 Common Preliminary Steps
Link To Full TOC

Table of Contents

5.0.1 Starting the PrOZIram ....co ittt ettt e st e e bt e st e e bt e s be e e bt e sabeeenbee s beeeneesares 107
S I o Tl T N I o PO POPPTPRR 107
5.0.3 TEAM MEMDEIS TaD ...uiiiiiiiiie ettt e e st e e st e e e ssaaaee s sabteeeeasbeeesaseeeesnbaeessnsteessnnsees 108
5.0.4 Laboratory Scale facility Tab .....c..eii it e e e e st e e e raee e e s aer e e e etbe e e entaeeennaes 108
5.0.5 Process Chemicals tab — searching for chemicals.........coooiiiiiiiiiiiie e 108
5.0.6 Process chemicals Tab — RMT custom Database pop-up form ........ccccuiieiiieeeiiiie e 109
5.0.7 Custom Chemicals entry and editing pop-up fOrm .......cooiiiiiiiiieee e 110

5.0.7.1 Entering chemicals not found in the NOAA database .........ccceeeeciiiiiciiee e 111

5.0.7.2 Editing Chemicals in the Administer custom chemicals pop-up form........ccoccevviiiniiiiiineniceeeee 111

5.0.7.3 Adding custom chemicals 10 the ProCESS ........uiiiciiii i e e e tre e e e rr e e 112
5.0.8 MisSing Data WarninNg DOX ......ceiuiiiiiiiiieeee sttt sttt et e s bt e s bt e st e saeesbeeesnee s beeeneesanes 114
5.0.9  Warehousing vs. Chemical PrOCESSING......cc.uieiiiuiiieeiiie e ccitee e cee et e e eette e st e e e e sate e e seaaaee e sabaeeeenstaeeennnees 115

5.0.1 Starting the program

The program is located in the all programs menu under “Reactivity Management Tool”

The program will open to a CCPS splash screen followed by an information screen. This screen
has the option to check a box “do not show again”. You can view this information screen again
by going to “File”, “disclaimer”

5.0.2 Process Tab

e Open a new process in the RMT. By pressing the “create process” button on the
Process tab.

Process

Reactivity Evaluation Pratocal | Chemical Reactivity Hazards || Evaluate Hest Relsase and Pressure Generation Hazards

Process | Tearn Members | Laboratory Scale Facility | Process Chemicals | Missing Chemical Data | \wWarehousing

TheWnportance of Limiting the Scope of Each Evaluation to Something Less Than an Entire Production Site

The reaWivite hazard evaluation protocol will best be applied to one chemical process or unit at a time. Attempting to apply itto an entire production
site will g4 erally be too cumbersame. Also chemical incompatibility hazards are usually bestidentified in each process area or unit.

For examplg say a company hamed Charbroiled Chemicals owns a production facility that includes a warehouse and process units making
ethylene, chlidgine, and vinyl chloride. Inthis case, the Protocol would best be applied fourtimes, once for each of the three process unitz and once

for the warehouse. These are "Tabs‘

Frocess

Process Name:
Facility Mame:

Evaluation Date:

LCreate Process I I Load Process

Copyright © 2012 AIChE Page |107



RMT Help Guide v1.0 January 2012

Enter “Process 1” in the Process name field

Enter “Building 1” in the Facility name. See section 4.1 for help in selecting the proper
scope of your evaluation.

Save your entries with the “save” button before pressing “Next”

5.0.3 Team Members Tab

Helpful |
[Hint

Select the “Add” button to enter information on at least on evaluation team member.
Use the save button before moving to next screen

Team members can be edited by double clicking on the members name or they can be
deleted by checking the box in front of their name and pressing the delete button.

5.0.4 Laboratory Scale facility Tab

You are now asked if your operation is defined as a “Laboratory Operation”. Choosing
yes terminates the program. The default answer is No with next taking you on in the
program. Press the “help” button for a definition of Laboratory operations.

5.0.5 Process Chemicals tab - searching for chemicals

Helpful
Hint

Press the “Search Chemical Databases” button to begin by searching the NOAA
CAMEO database for your chemicals. Note: if you have entered custom chemicals in
your RMT custom database these are searched at the same time.

Enter the name of your first chemical in the pop-up search box and press search button.
Utilize several different options to either widen or narrow your search results. Be
persistent the NOAA CAMEO database has many synonyms for each chemical but
sometimes a slight name difference between your entry and the synonyms will prevent
a search hit. CAS number is very helpful. Be sure to enter the dashes in their proper
place. Toggling the “contains” or “starts with” you can expand, shrink or sometimes
even get a few different hits. Completing 2 fields produced an “and” search. Note the
official name will appear in the search hits window name field. If you search “THF”
your hits will read “tetrahydrofuran”
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e Search through your hits for your desired chemical. Check the box in front of the
name. (you may make multiple selections.) them press the Add to process” button

Search Chemicals

Search Chemicals
Chemical Mame THF - CAS Number
(*) Containg Characters
(") Contains word starting with UN/MA Number
Search l [ Cancel
Chermizal Count:3
Selec | DBldentifization Chennical M anne CAS5 MNumber LIMAM,
MOAS TETRAHYDROFURAMN 109-959 2056
[ | WODas I TETRAHYDROFURFURYL ALCOHOL 97-99-4 19593
O | NO&s Cl PIGMENT RED 3 2425-85-6
< >

I [&dd Ta F'rocess] n Cloze ]
‘-....—..fl

e To search your next chemical simply type over the last chemical name and hit “search”
e When you have finished searching use the close button to return to the Process
Chemicals Tab

5.0.6 Process chemicals Tab - RMT custom Database pop-up form
e Press the “administer Custom Chemicals” button to open the Custom Chemicals
database. This data is stored where you have installed the program and never shared over
a network or the internet. See special instructions for database sharing in the help guide.
e All functions of the custom chemical database are accessed from this pop-up.
o “Export to Excel” data dumps your database to Excel 2007 or later. This is helpful
for data checking.
o “Add custom chemicals” opens another pop-up where you can input data for your
own chemicals or those not found in the NOAA database.
o “Add to Process” adds the chemicals that have a check in the box in front of their

name.
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Helpful
il o

front of their name.
o Double clicking on the name of a chemical allows you to edit that chemical.

5.0.7 Custom Chemicals entry and editing pop-up form
e Press the “add custom chemicals” button or double click on the custom chemical you
want to edit to access this pop-up form

“Delete selected Chemicals” deletes the chemicals that have a check in the box in

B
EL

BSISIES

Erter a Custarn Chernical
WWARMING: the data entered in tHe RED fields are critical to obtaining correct guidance from the program. Caonzult the help guide AMD a knowledgeable chemist
to assure that the data entered afe correct and complete. Multiple DOT labels, Reactive groups and Reactive hazards must be seldeted in many cases

Cherical Mame l

DOT Hazard
CaS Number

General Description

Chemical Profile

At ater Reactions

- Sele! F-

DOT Labels

1.% Explosive

2.1 Flammable gaz

2.2 Monflammable gas

| 2.3 Toxic gas

1 33 Flammable iquid

4.1 Readily combustible solid
4.2 Spontansously Combus...
4.3 Dangerous when wet

Primary DOT Label
Secondary DOT Label

Chemical Formula
UNANA Number

USCG Chris Code

Rieactive Group(s) Reaclive Groups

1 Acids, Inorganic Mon-oxidizing

2 Acids, Inorganic Oxidizing
._. 3 Carbosylic Acids

4 Alcohols and Polpols

5 Aldehydes

B Amides and Imides, Organic

¥ Amines

Ao i PRI SRS

< »
Fieactive Hazard(s) Reactive Hazard Group
HONE
Explosive when diy.
Risk of explosion by shock, fiction, fire o
Forms very unstable explosive metallic co
ﬁ Extemal heating may cause an explosion
| Map form explosive peroxides.
Reaction proceeds with explosive violen:
Exnlasive when mixed with combustible n

<

>

<

>

"

Beset ] [ Save ] [ Close

. Do not get confused by the primary and secondary DOT labels. You MUST enter a primary
Pitfall DOT code in the collapsed box pointed out by the RED arrow. The much more obvious
arrow pointing to it is only for a secondary code if there is

alert

one.

scroll bar box with the

e You must enter at least the following data to add a custom chemical to the database

o O O O

Chemical name — Type in “Line Kleen”
PRIMARY DOT code — select “Corrosive — acid”
At least one reactivity group —

At least one Special Hazards group

e Entering Reactivity groups.
o All applicable MUST be selected. Hold down the “Ctr]l” key and select with the

[Pitfall

left mouse button or space bar. This information is only available by viewing the

chemical structure. Often the structure can be found by searching the chemical

alert
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name or CAS number on the Web. Failure to select all applicable groups or

selection of improper groups will give false reactivity predictions that might

cause the program to miss a serious chemical reactivity issue. Selection of

the proper groups may require the expertise of a trained chemist

knowledgeable in both chemical reactivity and chemical nomenclature.
Pi#falll o Note there are groups that start with the number 101 and higher that are not
utilized by the program. You MUST however enter “100 Water” if the material
contains more than trace amounts of water. An example would be the hydrate of
a metal salt.

alert

e Entering “Special hazards Group”
[Fﬂ@ﬂ[p)ﬁﬂ]ﬂ o All applicable must be selected or “none”

Mime = For Line Kleen enter “none”
o This information will be found in the NFPA diamond or disbursed throughout the
MSDS.

5.0.7.1 Entering chemicals not found in the NOAA database
Entering the custom chemical Line Kleen™
e Type “Line Kleen” into the chemical name box
e PRIMARY DOT code — select “Corrosive — acid”
e Make no selection under secondary DOT because there is not one listed in the MSDS
e Reactivity groups: select the following by holding down the “Ctrl” key. Using the scroll
bar and the left mouse button select the following. They will gray out when selected.
o “1 Acids —inorganic non-oxidizing” because MSDS lists Phosphoric acid
o “38 Salts acidic inorganic” because it is assumed that the solution is pH is
buffered
o “100 water” because water is an ingredient
e Special Hazards group
o Select “none”

5.0.7.2 Editing Chemicals in the Administer custom chemicals pop-up form
= Double click on “water”
=  The edit form for water will pop-up.
= Select a primary DOT label of “non-hazardous”
= Press save and then close
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Custom Chemicals

Edit Custorn Chermical

WARMING: the data entered in the RED fields are critical to obtaining correct guidance frorm the program. Consultthe help guide AMD & knowledgeable chermist
ta assure thatthe data entered are correct and complete. Multiple DOT labels, Reactive groups and Reactive hazards must be zelected in many cazes.

Chemical Mame | | Chemical Formula Frimary DOT Label Mon-hazardous material L

DOT Hazard | | UNJNA Number |0 | Szt DT DOT Labels ~
1.% Explosive

CAS Number 7732-18-5 | USCG Chis Code | 21 Flammable gas

22 MNorflammable gas

23 Towxic gas

33 Flarmmable liquid
41 Readily combustible solid
4.2 Spontaneously Cambus...

4.3 Dangerous when wet

General Dezcription

£

Reactive Groupls] Reactive Groups

[N[E3

1 Acidz, Inorganic Mon-oxidizing
2 &cids, Inorganic Dxidizing

Chemical Profile 3 Carbowylic Acidz

4 alzohols and Polyals

5 Aldehydes

E Amides and Imides, Organic

Reactive Hazard(s] Reactive Hazard Group

NOME

Explogive when diy. —
Riizk of explosion by shock. frictian, fire o
Formz wemny unztable explosive metalic oo
Extemal heating may cause an explosion
May form explosive perosides.

Reaction proceeds with explosive violen:
Esplosive when mized with combustible n

# &_ < | >

|

Al ater Reactions

5.0.7.3 Adding custom chemicals to the process
= Select Water, Syltherm, Line Kleen and compound 987654321 by checking the boxes in
front of the names in the Administer custom chemicals pop-up form.
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List of Custom Chemicals |Z||§|E|
List of Custorm Chemicals
. . LIM AN A

Select | Chemical Mame Chemical Formula CAS Mumber Number DOT Labelz

Wit TER Hz0 F73218h a Mon-hazardous

Compound 987654321 6.1 Poizon

Siltherm #LT 0 3% Flammable]

Line Fleen a 8.0 Cormogive 4
£ | >
Export Grid to Excel ] l Add Cuzstom Chemicals ] [ Add to Process ] [ Delete Selected Chemicals ] [ Cloze
= Press the “Add to Process” button then close the pop-up. This will return you to the
Process Chemicals tab
Page |113
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Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards
Pracess | Team Members | Laboratory Scale Faciity | Process Chemical: | Missing Chemical Data | Warehousing
Load Process Chemicals
[ Search Chemical D atabazes ] | Administer Custom Chemicals |
[ HELF Searching chemicalz ] [ HELF Adding /modifying custam chemicals Chemicals:[12]
Select Chemicals | DEldentificatios = Lhemical Mame DOT Labels CA5 Mumber -
| MOAL PHEMACYL BROMIDE £.1 Paoizon 701141
| MOAL SODIUM 2ZIDE £.1 Paoizon 2RE28-22-8
| MOAL TETRAHYDROFURAN 3% Flammable figuid 103-33-3
F MOAL TRIPHEMYL PHOSPHIME £.1 Poizon £03-35-0
F MOAL TOLUEME SULFOMIC ACID, LIGUID, WITH MORE THAM 5% F... | 8.0 Corosive Acidic 104-15-4|25231-46-3
O SoL WATER Mon-hazardous material 7732185
O SoL Line Kleen 8.0 Comosive Acidic y
O SoL Siltherm XLT 3 Flammable liquid 4
O SoL Compound 387654321 B.1 Paison 4
w
< ¥
= Export Grid to Excel ] [ Hext

= Use the scroll bar to view all the chemicals entered for the process.

= Use “Export to Excel” to data check all entries.

= Note the form tells you where the chemical information resides under DB identification
=  When satisfies with all entries, press “next”

5.0.8 Missing Data Warning box
This box performs two functions. It serves as a double check for custom chemicals data and
is an input form for DOT labels. The DOT codes are required for the warehouse segregation
function of this tool. The program will not allow the user to continue until all required data
has been entered.
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Bitstall If the next button does not work recheck that at least a primary DOT code and at least one
reactivity group has been entered for each chemical. Use the scroll bar on the bottom to
alert scroll right to see the reactivity group column.

Process Name - Process 1; Facility Mame-building 1 E“sz‘

Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team Members | Laboratory Scale Facility | Process Chemicals | Missing Chemical Data | wWarehousing

Chemicals with Missing Data

Chemical Name: Secondary DOT Label: | DOT Labeks o
. . 1.% Explosive
Primnary DOT Label: - Select - b 2.1 Flammable gas
2.2 Nor-flammable gas
2.3 Towic gas
3#_Flammable liouid hd

WARMIMG: the following chemicals have been identified by the program as having miszing or incomplete
data. Continuing without supplying the missing data may lead to incarrect or even dangerous guidance

Lizt af chemicals with miszing information

DEldentification Chernical Marne DOT Labels
ACETOFPHENDMNE 3% Flammable liguid

NOAA BROMINE 8.0 Corrosive AcidiclB.l P 1
NOAA DICHLOROMETHAMNE 6.1 Poison CHac2 1
NOAA FHEMACYL BROMIDE 6.1 Poigon CBEHBCOCHZEr 2
MOAA SODIUM AZIDE 6.1 Poison MIMa 1
NOAA TETRAHYDROFURARN 3% Flarmmable liguid C4H80 2
RITA A TCIDHERS DO DHINE E1 Daicean [ma N=] SR l= =) b

£ - ¥

If "Next" does not work, Hep | [ Hew

Scroll to see

 Reactivity groups

5.0.9 Warehousing vs. Chemical Processing

Are chemicals used salely for warehousing purposes?

" This area is used solely for storage / warehousing (ends hazard evaluation process unless box below is cheched)

¥ Physical or Chemical processing may occur in this area

B T L | F R I . I e— Pl
I ONLRUE SATLR | EYSICd) and ASREMICH Processing evdiUugio

Help |

The program seeks to determine if the Facility being evaluated is solely a Warehouse or if other
operations are performed there. Press the Help button or see the help guide for definitions.
= Press the Next button to move on to the next section of the evaluation.

[Pi{dfalll Note to assure a complete report: you must check the box for chemical processing and then
[ the Next button. You need not go any further in the protocol if you are doing only
alert warehousing. Simply close the process window and open the reports window. See Appendix
G: Known Programming Bugs and Appendix B: FAQ
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This completes the preliminary data entry section common to all worked examples:
Jump to Napp Technologies
Jump to XYZ Pharmaceutical Intentional Chemistry Example

5.1 Warehousing Example
Jump to Common Preliminary Step section 5.0
Start with section 5.0 before completing these steps

This example illustrates the use of the reactivity management tool to determine how a mixture of
several chemicals should be segregated in a safe manner for storage in a warehouse.

Please see sections 3.2 and 5.0 for the detailed procedure for starting the reactivity management
tool and initializing a new process analysis program.

Information you will need
e The preparation for using the reactivity management tool requires you to obtain the
MSDS documents for the chemicals under evaluation.

o The information from the MSDS documents should include the primary and
secondary DOT labels.

e Chemicals which are proprietary or are not in the database will require you to use other
sources in the literature.

o The information that you need will include the primary and secondary DOT labels
as well as the reactivity groups, and reactivity hazards for these new or
proprietary chemicals. See section 3.2

e The information provided by the reactive management tool will be a warehouse
segregation grid which provides information of how you will be able to store these

W@ﬂ[@ﬁ[ﬂ]ﬂ collective chemicals in a warehouse.

[

imt

See section 4.2 for finding and reading an MSDS.

In addition, the reactivity matrix and a Chemical reactivity evaluation report for the chemicals
under evaluation will also be provided. These two documents provide additional information as
to the chemical hazards of the chemicals under consideration. You will need to review these
reports to make sure the warehouse segregation is consistent with the binary interaction matrix.
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The list of chemicals for this warehouse example is as follows:

Chemical

Primary DOT

Secondary DOT(s)

Sulfuric Acid, 93%

8 Corrosive acidic

Sodium Hydroxide, 50% solution

8 Corrosive basic

tert-Butyl Hydroperoxide, 70%

5.2 Organic Peroxide

8 Corrosive acidic

Sodium Hydrosulfide, 18-22%

8 Corrosive basic

6.1 poison

Isopropyl Chloroformate

3.x Flammable Liquid

Dimethyl Sulfate 6.1 poison 8 Corrosive acidic
Phosphorus Trichloride, 90 - 100% 6.1 poison 8 Corrosive acidic
Ethylene Oxide 2.3 Toxic gas 2.1 Flammable gas

Hydrochloric Acid, 33 - 40%

8 Corrosive acidic

Water

Non-hazardous

Aluminum, powder

4.3 Dangerous when wet

Triethyl Aluminum

4.2 spontaneously combustible

4.3 Dangerous when wet

Ethanol, denatured, 200 proof

3.x Flammable Liquid

Chlorine

2.3 Toxic gas

Sodium Hypochlorite, 5-15%
solution

8 Corrosive basic

Aqgueous Ammonia, 10% solution

8 Corrosive basic

Helpful
Hint

For detailed step by step instructions on how to enter this data, see section 3.2.1 through 3.2.8.

This is an export to Excel of the above list of chemicals used for this warehouse example,

DBIdentification [Chemical_Name CAS Number [DOT Labels Chemical_Formula |Reactivity Ids
NOAA SULFURIC ACID 7664-93-9 8.0 Corrosive Acidic H2S04 2
NOAA CAUSTIC SODA, SOLUTION 1310-73-2 8.0 Corrosive Basic NaOH (aq) 10

TERT-BUTYL HYDROPEROXDE, NOT

MORE THAN 80% IN DI-TERT-BUTYL
NOAA PEROXDE AND/OR SOLVENT 75-91-2 5.2 Organic Peroxide|8.0 Corrosive Acidic C4H1002 30
NOAA ISOPROPYL CHLOROFORMATE 108-23-6 3.X Flammable liquid C4H7CIO2 40
NOAA DIMETHYL SULFATE 77-78-1 6.1 Poison|8.0 Corrosive Acidic C2H604S 13
NOAA PHOSPHORUS TRICHLORIDE 2125683 6.1 Poison|8.0 Corrosive Acidic PCI3 45
NOAA ETHYLENE OXDE 75-21-8 2.3 Toxic gas|2.1 Flammable gas C2H40 34
NOAA HYDROCHLORIC ACID, SOLUTION 7647-01-0 8.0 Corrosive Acidic HCI (aqueous) 1, 100
NOAA ALUMINUM POWDER, UNCOATED 7429-90-5 4.3 Dangerous when wet Al 22
NOAA ALUMINUM ALKYLS 4.2 Spontaneously Combustible|4.3 Dangerous when wet 35
NOAA ETHANOL 64-17-5 3.X Flammable liquid C2H60 4
NOAA CHLORINE 7782-50-5 2.3 Toxic gas Cl2 44, 59
NOAA SODIUM HYPOCHLORITE SOLUTION 7681-52-9 8.0 Corrosive Basic CIO.Na (aqueous) |44, 100

AMMONIA, SOLUTION, WITH MORE

THAN 10% BUT NOT MORE THAN 35%
NOAA AMMONIA 7664-41-7 8.0 Corrosive Basic H3N 10, 100
NOAA SODIUM HYDROSULFIDE, SOLUTION 16721-80-5 [8.0 Corrosive Basic|6.1 Poison HS.Na 33, 100
SQL WATER 7732-18-5 Non-hazardous material H20
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The user can now proceed to the warehouse evaluation part of the program.

The screen shown right is the warehouse vs. chemical processing screen of the reactivity

management tool:

Since this example
evaluates the storage
of chemicals in a
warehouse, the first
selection should be
selected as shown.
Press “next” to
continue or if you do
want to continue with
physical and
chemical processing
evaluation, check the
third box.

o5 Process Name - Warehouse case; Facility Name-Scotia

[Eer=]

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure ion Hazards |

[ Process ITeam Members [vLaboralmy Scale Facility [umce.e;s Chemicals ] Missing Chemical Data | Warehousing ‘

Are chemicals used solely for warehousing purposes?

@ This area is used solely for storage / warehousing (ends hazard evaluation process unless bax below is checked)

°) Physical or Chemical processing may occur in this area

[] Continue with Physical and Chemical processing evaluation

The user can also return to the warehouse part of the program after completion of the physical
and chemical processing evaluation. Through the report menu

The screen shot below displays the resulting warehouse segregation report after "next” is pressed

on the above screen:

Warehouse Segregation Report

This report grid displays the
separation distances for pairs of
chemicals. For example: Ethylene
oxide and isopropyl
Chloroformate have a code of “2”
which designates to store these
materials in “separate storage
areas divided by a 30 minute
firewall”.

Copyright © 2012 AIChE

Warehousing Segregation Report: warehousing example

Frocsss | warehousing example R
=
(R (owe (ST TR owme IS a7
»  EEET N 1 1 i I
ETHYLENE O 1 2 1 1 1 1 2
CAUSTIC SODA,... 1 I I 1
CHLORINE 1 1 1 1 I 1
PHOSPHORUS ... R 1 1 1 1 I T
£ | b
Koy Code Comment
3 Nate: Oree of e of the substances listed in the sbave matis s 3n crganic pere...
Separate by one aisle way or 10t (2 m), whichever is reater |1
Separate in different compartments with minimum 30 minute 2 NOTE: One or more of the substances listed in the above matix is dangerous wh.
|zolate materials in separated (detached) storage areas. 3
Exliemely Hazardous Materil. Specialstorage/segregation.. [N

Export Grid o Exoel
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The displayed color-coded report can also be printed by pressing the "export grid to Excel" as

sown below:

Note that
intersections
above the red
stepped line
are self
intersections or
duplicates of
the
information
below the line.
(this line does
not appear on
your output.)
This output

_ |AMMONIA, SOLUTION

w
= =
=] = _
5 : 3| 2 =
o i = _
2 2 E wl 813 | 2 «|E
= 1] w <L = = 73 = w ;
Y 2 < o = = o 3 = a| g\t
> = [a) [ = w| o o = = g )
@ o o =] o 2| = = 2| 2 8 T |a
2 o 2 2 wl ==z a z ol T=z T= ol Em =z
I| 2| I 2| Z(82 co¢ I =2 =2 | 22| 2|3E
= = =] = E| o (i al =2¢ 2= |l @mg Zlzk
w < = %] o| 3 o O w| =3 =2 L| =E|=z2
2| Il Z| z| 2|23| 22| ¢| 83| 23| 2| Eg| 3|32
Matrix = ] ] 3] S| T ; B oL| @ [oR%) o] —T L|x>5
DIMETHYL SULFATE 1 1 1 1 1 1 1 9 4
ETHANOL 1 % 4 1 1 3 2 2
ETHYLENE OXIDE 1 1) 1 1 2 1 1 1 3 2 z
CAUSTIC SODA, SOLUTION 1 1 1 1 1 1 1 1 1
CHLORINE 1 1 1 1 1 1 1 1 1 1 1 2 1
HYDROCHLORIC ACID, SOLUTION 1 1 1 1 1 1 1
ISOPROPYL CHLOROFORMATE 1 2 1 1 1 3 2 2
PHOSPHORUS TRICHLORIDE 1 1 1 1 1 1 1 1 4
S0ODIUM HYDROSULFIDE, SOLUTION 1 1 1 1 1 1 1 1 1 1 1
SODIUM HYPOCHLORITE SOLUTION 1 1 1 1 1 1 1 1 1
SULFURIC ACID 1 1 1 1 1 1 4
TERT-BUTYL HYDROPERDXIDE 3| 3 1 1 3 1 1 3 2
ALUMINUM ALKYLS 1 2 2 1 2 1 2 1 1 1 1 3 1] 1
ALUMINUI POVWDER. UNCOATED 1 2 2 1 1 1 2 1 1 1 1 2 i
AMMONIA, SOLUTION 1 1 1 1 1 1 1 1 1

WATER

was also modified by turning the top row text sideways. To do this

Alignment tab. Move the
red dot to vertical per the
red arrow and check the
circled box and set the other
circled box to context.

Then click OK.

All other reports for this
warehouse example can also
be viewed going to the
reports section of the
reactivity management tool.

For detailed step by step
instructions on how to enter use the reports section of the reactivity management tool go to

Murnber F\ Fonk
Texk alignment
Horizontal:
General L
vertical:
Batkam hd

Teuxk contral

fext

[ Merge cells
Right-to-left

>

section 3.2.11 of the help guide.

The 2 circled intersections are segregations from self. Examine these carefully for error or

manufacturers storage requ irements.

Copyright © 2012 AIChE

K Cankext

Border

4

Fill

. Select the top row and right
click. Select format cells. Select text for the type of input under the Number tab. Move to the

Protection

Orientation

Fa i B |

*

\
Text *

% |Degrees

JEPg) U U

WATER
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Phetall Remember that in order to store items together on the same isle they ALL must have a zero
e separation from each other. The numbers on the grid only determine compatibility for storage of
@l@rt the pair on who’s intersection they lay.
Example:

Hydrochloric acid has a 0 separation from Ethanol

Ethanol has a zero separation form Sodium Hypochlorite.

One might be tempted to stop there and store them together on the same isle however:

Sodium Hypochlorite must be separated from hydrochloric acid by an isle way (1) and

thus you can place a drum of ethanol in the same isle as either one but hydrochloric acid

and Sodium Hypochlorite must be placed in different isles.

PHOSPHORUS TRICHLORIDE
SODIUM HYDROSULFIDE,

| |soLuTion
SODIUM HYPOCHLORITE

HYDROCHLORIC ACID,
_. |SOLUTION

DIMETHYL SULFATE
SOLUTION
SULFURIC ACID
TERT-BUTYL
HYDROPEROXIDE

ISOPROPYL
. |CHLORCFORMATE

IVatrix

DIMETHYL SULFATE

ETHANOL

ETHYLENE OXIDE

CAUSTIC SODA, SOLUTICN
CHLCORINE

HYDROCHLORIC ACID, SOLUTION
ISCPROPYL CHLOROF ORMATE 1
PHOSPHORUS TRICHLORIDE 1
SODIUM HYDROSULFIDE, SOLUTION 1 1
SODIUM HYPOCHLORITE SOLUTION 1
SULFURIC ACID

TERT-BUTYL HYDROPEROXIDE
ALUMIMUM ALKYLS 1 2
ALUMINUM POWDER, UNCOATED 1 2
AMMONIA, SOLUTION 1
VWATER

_ |[ETHANOL
_|cAUSTIC SODA, SOLUTION
ALUMINUM POWDER,
ol o e ol == o [ | = |UNCOATED
WATER

. |AMMONIA, SOLUTION

|

.
.
=]
.
=

=

|| |cHLORINE

R [ [ e
=
== ==

=
=
=9

= = =
.

e e o T o T T es s [ e |ALUMINUM ALKYLS

s ==

)
= = =

R [ e
alalala

oo lamlal ool almle ool || [ETHYLENE OXIDE

N R (U3 [N S SN PR PR [N [y

[PitFall Aluminum powder and triethyl aluminum are “Dangerous when wet” and therefore must be
alert segregated from water. (Don’t forget fire protection water and floor drain traps)

You should now check the reactivity matrix to confirm that no other reactivity exists between
[PiEfallany of the compounds with no separation (i.e. a zero). Compounds with reactivity reported must
lert be stored separate from each other. This is an extremely important double check of the system

ale that should not be skipped.

Check all combinations of no separation (0) above in the Reactivity Matrix. See section 3.2.11.2
for details.
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Look for any code A, B1, B3, B4, D1, G these indicate a serious reactivity issue that require
segregation. In addition any other code starting with B, C or D not listed above may pose a
serious risk to your warehouse under certain conditions.

The red circled segregations were flagged by the reactivity matrix as too small.

FHOSPHORUS TRICHLORIDE
SODIUM HYDROSULFIDE,

_ | [soLuTion
SODIUM HYPOCHLORITE

HYDROCHLORIC ACID,
_. |SOLUTION

SOLUTION
ALUMINUM POWDER,

DIMETHYL SULFATE
ISOPROPYL
__|CHLOROFORMATE
SULFURIC ACID
TERT-BUTYL
HYDROPEROX IDE
ol e oo o ] o [ o | [UNCOATED

WATER

W atrix

DIMETHYL SULFATE

ETHANOL

ETHYLEME QOXIDE

CAUSTIC SODA, SOLUTION
CHLORIME

HYDROCHLORIC ACID. SOLUTION
ISOPROPYL CHLOROFORMATE
PHOSPHORUS TRICHLORIDE
SODIUM HYDROSULFIDE, SOLUTION 1 1
SODIUM HYPOCHLORITE SOLUTION 1
SULFURIC ACID

TERT-BUTYL HYDROPEROXIDE
ALUMINUM ALKYLS 1 2
ALUMINUM POWDER. UNCOATED 1 2
AMMONIA, SOLUTION 1
WATER

_ |CAUSTIC SODA, SOLUTION

_. |ETHANOL

_ |AMMONIA, SOLUTION

—

||| [cHLORINE

R [P RN ey
]
]

R [ e

=] w

[N U e

(]
—

[N JJRR R ey
—
]

JEN) JJRTR R ey

o | o e s s S s s S )] s | = |ETHYLENE OXIDE

ool e o oo T fo T o oo | [ALUMINUM ALKYLS

[ TR [ [ R [ RO B [y DU

It is recommended that these be given a 2 segregation. Thus the new edited matrix would look
like this:

CAUSTIC SODA, SOLUTION
PHOSPHORUS TRICHLORIDE
SODIUM HYDROSULFIDE,

HYDROCHLORIC ACID,
SOLUTION

DIMETHYL SULFATE
ETHANOL
ETHYLENE CXIDE
CHLORINE
SOLUTION
ISOPROPYL
CHLOROF ORMATE

I atrix

DIMETHYL SULFATE

ETHANCL

ETHYLENE OXIDE

CAUSTIC SODA, SOLUTION
CHLCORINE

HYDROCHLORIC ACID, SOLUTION
ISOPROPYL CHLOROFORMATE
PHOSPHORUS TRICHLORIDE
SODIUM HYDROSULFIDE, SOLUTION
SODIUM HYPOCHLORITE SOLUTION
SULFURIC ACID

TERT-BUTYL HYDROPEROXIDE
ALUMINUM ALKYLS

ALUMINUM POWDER, UNCOATED
AMMONIA, SOLUTION

VWATER

SODIUM HYPOCHLORITE
SOLUTION

SULFURIC ACID
TERT-BUTYL
HYDROPERCKIDE
ALUMINUR ALKYLS
ALUMINUM POMDER,
UNCOATED

AMMONIA, SOLUTION

[ ]

R O [P R R
oy

I—‘—‘

Y N s N s Y

= = |raro | = | =

i

R L e e ]

I O TR [ ) [P e [ [ RC T [ [y ey
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[RCT [ [ [y pary

paro | === | =
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.
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5.2 Napp Technologies - Physical Processing
Jump to Common Preliminary Step section 5.0
Start with section 5.0 before completing these steps

Table of Contents
5.2.1 BACKEIOUNT ...ttt et ettt e st e et e st e e bt e s b e e e bt e sa b e e e bt e st e e eabeesabeeenee s beeeneesares 122
5.2.2 SCOPE @NT PIOCESS ..cuvvvieieiiiieeiteeeeittte e ettt e esttaeeestaeeeaataeeseasseeesssaaeeassseesassaeeessssaseassasesnnssaessnsaeasasrasennnsens 123
5.2.3 FACility and TEaAM @NEIY.couiiiiieiieeee ettt st e bt e st e et e st et e bt e s b e e e sbee s b e e e beesaree 123
5.2.4 Entering the Process ChEmICAIS ........uuiiieiiiii et se e et e e st e e e s tr e e e e tte e e snssaeesanbeeeentaeeennnes 123
5.2.4.1 Searching the database .........ooo i 123
5.2.4.2 Entering chemicals not found in the database..........cccocveereiiiii i 123
5.2.4.3 Entering Missing Chemical INformation .........coceiiieiiiiiiei e 124
5.2.5 Displaying the pure compound hazards ........cccueeeiiieeeiiie et e e stre e e s e e e e sba e e e earae e eeanees 124
5.2.6 Displaying the binary chemical iNnteractions .........ccocueeiiiiiiiiiiei e 125
5.2.7 Developing and ENTEIING SCENATIOS ....cccciiiiiieiiieeciieeeeiieeeeeitteeesitaeeeestteeesetaeeesbseeeesssaeeseassseesnsseaeenssaseennsens 125
5.2.7. 1 LOSS OF ULHITIES 1.uuveeeieiiii ettt ettt e st e e e st e e ettt e e s ate e e e snteeeeennteeessaaeeesnseeesansseeesnnsens 126
5.2.7.2 Process variation or UPSEt @XAaMIPIE ......ccuuieeiiiiie ettt et eette e e rtee e e e ta e e e eare e e earaeeesabaeeeenssaeesnnaes 127
5.2.7.3 Energy INput variation @XamMPIe .......ouieiiiiiieeit et 127
5.2.7.4 Mechanical failure @XampPle ........ooociiiiiiiee ettt e e e et e e e eare e e e trae e e s abaeeeenntaeeennnaes 128
5.2.7.5 INAAVEITENT MIXING 1eittiiiiiiiiie ettt ettt ettt et e s bt e sbee st e e s bee s be e e ssee s beeesneesabeeenneeeanes 129
5.2.8 EVAlUGTiNg the SCENAIIOS .. .uviiiiiiie ettt ettt e e et e e e st e e e e stt e e e s abaeeesbbeeeessaeesensaaeeensaeeeastaeeennsens 130
5.2.9 Reporting and Proof REAMING.......ccouiiiiiiiiieiiieeee ettt sttt st e e st e e bt e sab e e bt e s beeesneesanee 136
5.2.10 Developing a Reactivity Management SYSTEM .......ccccciiii e ciiee e et e eete e st e e e sare e e eearae e e ebreeesntaeeeennees 139
5.2. 11 EXAMPIE SUMIMAIY ceeiiiiiiieeieeitte ettt ettt s e st e st e st e e s bt e sabeesbeesabeesabeesabeeeaseesabeeenseesabeesnseesabeesnseesanes 139
5.2.1 Background

“On April 21, 1995, at approximately 7:45 a.m., a violent explosion and fire occurred at the
Napp Technologies, Inc. specialty chemical plant in Lodi, New Jersey. Five employees of Napp
ultimately died. A majority of the facility was destroyed as a result of the fire, and other
businesses near the facility were destroyed or significantly damaged. Approximately 300
residents in the area were evacuated from their homes and a school. Additionally, firefighting
efforts generated chemically contaminated water that ran off into the streets and nearby Saddle
River.

At the time of the explosion and fire, Napp was conducting a blending operation...to produce a
formulation called ACR 9031 GPAY’, a gold precipitating agent.” ¢

The following example is based on the information provided in the referenced report and other
publically available data. Assumptions are footnoted.

Y TM Technic Inc, Cranston RI
'8 Based on EPA/OSHA Joint Chemical Accident Investigation Report, Napp Technologies, inc. Lodi, NJ EPA
550-R-97-002, October 1997
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5.2.2 Scope and Process

Process Materials:
e Sodium hydrosulfite
e Aluminum powder
e Potassium carbonate
e Benzaldehyde
Other Materials Present in the processing area
e Water
¢ Isopropyl Alcohol

Intended Procedure:
e Toaclean and dry 6 m* tumble dryer / mixer PK-125 add:
1,800 Ib Aluminum powder
900 Ib Potassium Carbonate
5,400 Ib Sodium hydrosulfite
Blend for 1 hour — Rotating 10 min with intensifier bar off and 5 min with intensifier on
Spray in 8 L of benzaldehyde
Blend
Dispense into 18 to 22 - 55 gal plastic lined drums

5.2.3 Facility and Team entry
See Section 5.0 for detailed instructions.

5.2.4 Entering the Process Chemicals
See Section 5.0 for detailed instructions.

5.2.4.1 Searching the database
See Section 5.0 for detailed instructions

The following chemicals can be found in the pre-loaded NOAA database
e Sodium hydrosulfite (Sodium hydrogen sulfite)
e Aluminum powder uncoated
e Benzaldehyde

5.2.4.2 Entering chemicals not found in the database

The following chemicals must be entered into the user’s database using information from the
table in section 5.2.4.3

e Potassium Carbonate

e ACR9031GPA
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5.2.4.3 Entering Missing Chemical Information
See Section 5.0 for detailed instructions

Name Primary DOT code | Secondary DOT Reactivity groups | Reactivity hazard
Sodium hydrogen | 4.2 Spontaneously | none Already in Already in
sulfite combustible database database
Aluminum powder | 4.3 Dangerous None Already in Already in
uncoated when wet database database
Benzaldehyde 3.X Flammable None Already in Already in
liquid database database
Potassium Non-hazardous None 39 none
Carbonate
ACR 9031 GPA 4.3 Dangerous 4.2 Spontaneously | 5,22,39,45 Highly Flammable
when wet combustible Strong reducing
agent, Water-
Reactive
Pyrophoric
Isopropanol 3.X Flammable none Already in Already in
liquid database database

W@ﬂ[@ﬁﬂ]ﬂ When unsure of the properties of a particular compound such as potassium carbonate. In this
Mint case | was unsure if Potassium carbonate should have the reactivity group of 10-bases, 39-
inorganic bases or both. Look up “carbonate” then choose an analogous compound. In this case
| chose Lithium carbonate. | added Lithium carbonate to my process then returning to the
“Process Chemicals” tab I used the export to grid function to see what reactive groups were
listed in the NOAA database for lithium carbonate. Finally I delete Lithium carbonate from the
process and add the custom chemical Potassium Carbonate with the reactivity group of 39.

Helpful

H

imt

For ACR 9031 GPA and other mixtures simply add all reactivity groups for the individual

components. See previous Helpful Hint for how to do this.

5.2.5 Displaying the pure compound hazards
See Section 5.0 for detailed instructions

The following is a display of the pure component hazards for this process.

Chemical Name

Special Hazard

ALUMINUM POWDER, UNCOATED, ISOPROPANOL,ACR 9031 GPA

Highly Flammable

ALUMINUM POWDER, UNCOATED, SODIUM HYDROSULFITE, ACR

9031 GPA Water-Reactive
SODIUM HYDROSULFITE Air-Reactive
ALUMINUM POWDER, UNCOATED, ACR 9031 GPA Pyrophoric

ISOPROPANOL

Peroxidizable Compound

Copyright © 2012 AIChE
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5.2.6 Displaying the binary chemical interactions
See Section 5.0 for detailed instructions

Use the decoder in the help guide Appendix A. You can paste the decoder sheet into your matrix
sheet for convenience. Or click on each filled square to read the interactions in the lower box.

Reactivity Matrix

Chemical Reactivity Matrix: ACRE 9031 Napp Technaologies
Process: |ACR 3031 Napp Technologies v
Matiix POWDER, BENZALDEHYDE ISOPROPANOL  [obIML oo WATER Potasslm
UNCOATED
(O .| INUK PO...
BENZALDEHYDE | B5.D1
ISOPROPANOL | BS.C C.G
SODIUM HYDR... |42,C.G E5.C £6,B1,B5,C
WATER B BE. D3, DE.D7
Potazsium carbo... |43, A6, B1,B5,C | AB C.D4 C.D3 B5. DY.E
ACR 9031 B5.D1.4% A6, . |BS D1.AG C.D4 CGE5ABE! |BSCAZG D3LF BEESD7ED. AGCD4A3ZE.

5.2.7 Developing and Entering Scenarios

A quick read of the referenced report identifies the following short list of example failure
scenarios. There are many more scenarios evident from reading the text. In developing a list for
an actual process you would be expected to develop a list at least several pages long. Many of
the listed scenarios could be simply assessed without a formal evaluation because their
consequences are obvious. For instance, a static ignition of benzaldehyde need not be evaluated
through this program because the obvious result is a fire however the consequences of the fire
must be thought through, Fire suppression activated, initiation of the combustion of a large
amount of aluminum powder, etc.. One does not need a computer program to determine that
inerting is very important to the safety of this operation.

e Bearing failure

o Coolant leak into blender

o Overheat could lead to decomposition
Jacket temperature control lost

o Overheat could lead to decomposition
Miss-charge / over charge

o Wrong ratio of materials

o Over fill of blender

o Under fill of blender
Loss of inertion gas

o Introduction of humidity

o Static ignition of benzaldehyde
Inadvertent mixing
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o Water + sodium hydrosulfite
o Water + GPA
= Sweating — pipes or perspiration — drum filling
= Fire suppression system
= Cleaning operations near-by
= Humidity during charging or dispensing
= Blender water wet from cleaning
= Header pipes have trapped water
= Residual GPA in blender during cleaning
= Potassium carbonate wet from improper storage
= Water in inerting gas line
o Water + Al
= —>Combustion of aluminum
= Hydrogen build-up in mixer with static ignition

For illustration purposes we will only enter a few of the scenarios from the list above. In practice
you would enter all scenarios generated.

5.2.7.1 Loss of Utilities
Inertion gas flow interrupted causing blender inertion to be lost.

Process Name - Intentional Chemistry Example; Facility Name -NAPP Technologies

[ ] NaVigate to the Reactivity Evaluation Protocol | Chemical Fieactivity Hazards | Evaluate Heat Rielease and Pressuie Generation Hazards
iliti Identify PHa Frocess | PHA Scenario | PHA quide | Identify Temar Mistures | Temary Misture Scenaric | 1dentiy Lass of Utilty | Less of Wity Seenario | dentfy Froce ¢
Loss of Utilities
Tab Create Loss of Utlity Scenario
e Enter the
information below
e Press the “Save” Scensioame:  [UTL0T
button then the Full Description Inettion gas flow interrupted causing blender inertion to be lost. Staticignites benzaldehyde fumes inside
blender
“Next Button
e Press the “next” — Fire sona
button again to
navigate to the
« .. Heat of Reaction Kifkg of Tatal misture
Process variation
and UpSet Screen” [ Beset | [ sawe | [ LitalScenaios | [ Hep
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5.2.7.2 Process variation or upset example
Over fill of blender causes stress on intensifier bar seals causing leakage of coolant into

blender.

e Enter the information below

Process Name - Intentional Chemistry Example; Facility Name-MAPP Technologies

Reactivity Evaluation Pratocol | Chermical Feactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Temary Misture Scenario | [dentify Lozs of Utiity | Loss of utiity Scenario | [dentify Process Variation or Upset Scenarios | Process Variation and Upset Scenario | [dentifi 4 *

Create Process Yariation Scenario

Scenario Mame:  %AR-01

Full Description: | Onser fill of blender causes stress on intensifier bar seals causing leakage of coolant into blender.

Comments: Wy'ater in coolant reacts with vessel contents. Gas and heat evolved|

Heat of Reaction: |:| Kjfk.g of Tatal misture
[ Reset ]’ Save ][ List all Scenarios ][ Help

e Press the “Save” button then the “Next Button
e Press the “next” button again to navigate to the “Energy Input Variation”

5.2.7.3 Energy Input variation example
Jacket steam valve leak causes jacket to exceed setpoint. Worst case jacket reaches

boiling at 120°C.
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e Enter the information shown below

Process Name - Intentional Chemistry Example; Facility Name-NAPP Technologies

Reactivity Evaluation Protocol | Chemical Reactivity Hazards ‘ Ewaluate Heat Release and Pressure Generation Hazaids

Identify Procese Yariation o Upset Scenarios | Process YWariation and Upset Scenario | dentify Energy Input Wariation | Energy input Yaniation Scenario | [dentify Mechan 4 *

Cregte Energy Input Variation Scenario

Scenatio Marme: ENG-01

Full Description: | Jacket steam walve leak causes jacket to exceed setpoint

Comments: assume complete failure to approximate jacket max of 1 ZDd

Heat of Reaction: l:l Ki/Kg of Total mizture
[ Reset H Save ] [ List all Scenarios ] [ Help

e Press the “Save” button then the “Next Button
e Press the “next” button again to navigate to the Mechanical failure

5.2.7.4 Mechanical failure example
Bearing failure leads to overheating of material contacting the near-by surfaces with
resulting self sustaining decomposition spreading to entire batch.

e Enter the information shown below

Process Name - Intentional Chemistry Example; Facility Name-NAPP Technologies Z |§|[‘>__(|

Feactivity Evaluation Protocol | Chemical Reactivity Hazards ‘ Ewaluate Heat Release and Pressure Generation Hazaids

Process Yariation and Upset Scenario | |dentify Eneray Input %ariation | Eneray input ¥ ariation Scenario | Identify Mechanical Faile | Mechanical Failure Scenaiio | |de ¢ *

Create Mechanical Failure Scenario

Scenario Name: WE C-01

Full Description: | Bearing failure leads to overhesting of material contacting the near-by sufaces with resulting self
sustaining decomposition spreading to entire batch.

Comments:

Heat of Reaction: I:I Kj/Kg of Tatal misture
[ Reset ][ Save ][ List all Scenarios ][ Help
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e Press the “Save” button then the “Next Button
e Press the “next” button again to navigate to the Mechanical failure

5.2.7.5 Inadvertent mixing
Fire suppression system activated by event not connected with process during charging.
(note that same event during packaging has different consequences and must be entered
separately.)
e Enter the information shown below

Process Hame - ACR 9031 Napp Technologies; Facility Name-Lodi NJ

Reactivity Evaluation Protozol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Energy input Yariation S cenario | |dentify Mechanical Failure | Mechanical Failure Scenario | |dentify nadwertent Miking | Inadwertent Mixing Scenario | |dentify Human E 4 *

Create Inadvertent Mixing and YWrong Material of Construction Scenario

Inadvertent Mixing and Wwong Material of Constiuction scenario description will be displaped here..

Secenario Mame: |14 )1

Full Description: | Fire suppression systam activeted by event not connected with process duting a charging operation

Comments: kust determine best course of action. Close manwey or something else What are the consequences of
disabling fire pratection during charging?|

Heat of Reaction: Ktk of Total misture

Reset H Save ” List all Scenarios H Help

We have completed entering scenarios in this example.

Copyright © 2012 AIChE Page |129



RMT Help Guide v1.0 January 2012

5.2.8 Evaluating the Scenarios

We will now begin evaluating each scenario one by one for thermal and pressure risk

e Navigate to the “scenario” tab if you are not already there. Here you can view all the
scenario information and also quickly see the status of each one.

rocess Mame - Intentional Chemistry BExample; Facility Name-NAPP Technologies

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards ‘

Determine t aximum Adiabatic Temperature | Define Temperature of Concem | Scenatio Thermal Analpsis | Determing b aximum Reaction Pressure | Define 4 *

Scenarios (double click to select)

Scenario Name Scenario Type gf:z:'io g::tcgnfn Full Description Comments
Logs of Utility Scenaria Unevaluated 0.00 | Inertion gas fow intermupted ... | Fire senerio
VAR-O Process Variation S cenario Unewvalusted 0.00 | Over fill of blender causes st | Water in coolant reacts
ENG-01 Erergy Input Yariation Scenario Unevaluated 0.00 | Jacket steam valve leak ca... | assume complete failure
MEC-01 Mechanical Failure Scenaria Unevaluated 0.00 | Bearing failure leads to over..
MI<-01 Inadvertent Mising S cenara Unevaluated 0.00 Must determine best co
< | ¥
‘Working Scenario  (Enter 2 heat of reaction for this scenario and update before continuing with evaluating each scenario one at a time) Scenariofs): 5

Scenario Name:

Full Description:

Comments: ‘ ‘

Heat of Reaction: l:l Kj/K.g of Tatal mixture

e Double click on a scenario
e The information entered thus far appears in editable format

Process Name - Intentional Chemistry Example; Facility Name-NAPP Technologies

Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenarios | Determine Maximum Adiabatic Temperature | Define Temperature of Cancern | Scenario Thermal Analysis | Determing b aximum Reaction Pressure | Define 4 #

Scenarios (double click to select)

Scenario Heat OF

Scenario Mame Scenario Type Gtatus Reaction Full Description Comments
Lass of Utility Scenario Unevaluated 0.00 | Inertion gas flow interrupted ... | Fire senerio
Process Yariation S cenario Unevaluated 0.00 | Ower fill of blender causes st... | Water in coolant reacts
Energy Input ¥ ariation 5cenaria Unevaluated 0.00 | Jacket steam valve leak ca.. | assume complete failurg
Mechanical Failure Scenario Unevaluated 0.00 | Bearing failure leads to over...
Inadvertent Mixing Scenario Unevaluated 0.00 Must determine best co
£ | >
YWorking Scenario  (Enter a heat of reaction for this scenario and update before continuing with evaluating each scenario one at a time) Scenariofs): b

Scenario Mame:

Full Description:

Carnments: Fire senerio

Heat of Reaction: Kik.g of Tatal mixture Update ] [ Reset ] [ Evaluate Scenario

Frev
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e Make any changes necessary. You must enter a heat of reaction in kJ/kg of reaction
mixture at this time

Since this is a fire scenario enter any large number or calculate the heat of combustion.
Press Update and Evaluate scenario

Process Name - ACR %031 Napp Technologies; Facility Name-Lodi NJ

Reactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenarins | Detemmine Maximum Adiabatic Temperature | Define Temperature of Concern | Scenario Themmnal Analysis | Determine M aximum Reaction Pressure | Defing $ %

Determine Max Adiabetic Temperature Rise

*fou are being asked to either enter the adiabatic temperature rise of the reaction ar the program can help you calculate it

Scenario Name

Full Description

Comments

Hesat of reaction I:l Kj#K.g of total misture

(@) Adiabistic Temperature Rise degrees C Initial Temperature degrees C

Save ][ Feset ][ Help ]

e Again because this is a fire scenario enter a very large number into the Adiabatic
Temperature Rise box.

Enter the initial reaction temperature
e Press ‘save” then “Next”

Enter the max working temperature of the vessel because we are concerned with
combustion not decomposition in this scenario

Process Name - ACR 9031 Napp Technologies; Facility Mame-Lodi N.J

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Releass and Pressure Generation Hazards

Scenarios | Determine b aximum Adiabatic Temperaturel Diefine Temperature of Concem ‘ Scenario Thermal Analysiz | Determing M aximurn Feaction Pressure | Defing 4 #

Define A Temperature of Concern

Temperature of concem may be a design limit [such az the maximum allowable temperature of a pressure
veszel) or & decomposition onset temperature.,

Temperature of Concem | &I

degrees ©
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e Press ‘save” then “Next”
e The program displays a message that this scenario could cause a serious incident.
e Press “next” to evaluate the pressure portion of the scenario
e Enter the Maximum pressure. For this example we are assuming a sealed vessel so the
rule of thumb is 10 times the starting pressure under ambient oxygen concentration.
IMPORTANT: In all likelihood this fire would cause a runaway decomposition of the
remaining ingredients creating large amounts of gas. We have ignored this possibility
for the sake simplicity in this example.
e Enter 10 and select Bar
Process Name - ACR 9031 Napp Technologies; Facility Name-Lodi NJ
Reactivity Evaluation Protocal | Cherical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards
Scenarioz | Determine Maximum Adishatic: Temperature | Define Temperature of Concern | Scenario Thermal Analysis | Determing Maximum Reaction Pressure | Define 4 %
Determine Maximum Feaction Pressure
Enter the maximum pressure that could be reached by the scenario. See the guide for help. For non gas producing reactions, the vapor pressure of the most
wvolatile component at the calculated maximum scenario temperature iz a useful conservative guess.
Scenario Mame
Full Description
Comments
el elifeaela Ki#K.g of total misture
I;I;zi}a:ctlon 10 Unit | BAR b
e Press ‘save” then “Next”
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Process Name - ACE 9031 Napp Technologies; Facility Name-Lodi NJ

FReactivity Evaluation Pratocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Define Temperature of Concern | Scenario Thermal Analysis | Determine Maximum Reaction Pressure | Define Pressure of Concern | §cenario Pressure Analpsiz | Cone 4 %

Define Pressure of Concern
Pressuie of concern may be a design limit such as the maximum allowable working pressure of a pressure vessel.
Pressure of concern BAR

e Enter a pressure of concern. In this case you could either enter the rupture disk setting,
the MAWP of the tank or tank the failure pressure (2.5 times MAWP for an ASME
rating)

e We will imagine the vessel was rated at 100psi. 2.5 times 100psi = 250psi

¢ Note we cannot enter PSI because we selected Bar on the previous page. 250psi=17.2bar

e DPress ‘save” then “Next”

e The program displays a message that this scenario should be contained by the vessel and
not pose a danger to plant or equipment. A word of caution before you except this
conclusion blindly. This pre-supposes that no decomposition of the material inside the
vessel occurred. Recall that binary interaction matrix suggested that thermal
decomposition of several of the components causes gas formation. Thus we need to re-
think this scenario. Consulting an expert would be a prudent choice as you consider the
consequences and preventive measures associated with this scenario.

o Press “Next”
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e Choose “completed”

Process Name - Intentional Chemistry Example; Facility Name-NAPP Technologies

Reactivity Evaluation Protocol | Chemical Feactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards |

Scenario Thermal Analysis | Determine M aximum Reaction Pressure | Define Pressure of Concemn | Scenario Pressure Analysis | Canclusian

Set Scenario Status

Choose a status for this scenario

Scenario Mame  UTL-01

Status Completed v [ Save
Unevaluated

Meeds LI Edatini

e Press ‘save” select evaluate another scenario and then press “Next”
e Double click on the UTL-01 scenario and edit the comments section to reflect our
uncertainty about the conclusions, press update to save comments.

Process Hame - Intentional Chemistry Example; Facility Name-NAPP Technologies

Reactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards |

Scenarios | Determine Maximum Adiabatic Temperature | Define Temperature of Concemn | Scenario Thermal Analpsis | Determine Maximurn Reaction Pressure | Define ¢ *

Scenarios (double click to select)

Scenario Mame Scenario Type g?;::no g::tcgofn Full Description Cormments
Loss of Utility Scenario Completed 10000.00 | Inertion gas flow interupted ... | Fire senerio
WaR-01 Process Variation 5cenario Unevaluated 0.00 | Ower fill of blender causes st.. | Water in coolant reacts
EMG-01 Energy Input ¥ ariation Scenario Unevaluated 0.00 | Jacket steam valve leak ca... | assume complete failurg
MEC-I1 Mechanical Failure S cenario Unevaluated 0,00 | Bearing failure leads to over...
bl=-01 Inadvertent Mizing S cenario Unevaluated 0.00 Must determine best co
< | >
YWorking Scenario  [Enter a heat of reaction for this scenario and update befare continuing with evaluating each scenaria one at a time) Scenariofs) : 5

Scenario Mame: |

Full Description: | nainn gas flow interrupted causing blender inerion to be lost. Static ignites benzaldehyde fumes inside
hlender

Eemments: Fire scenario. Fressure analysis assumes no decomposition. Binary interaction matrix indicate s thermal
decomp with gas formation. This scenario requires an expert opinion and possibly some testing.

o
Heat of Reaction: 10000.00 Ki/k.g of Total mlxture[ Update ] [ Beset ] [ Evaluate Scenario ]
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Continue to evaluate the scenarios one at a time using the following data

Scenario Heat Adiabatic Heat Temp | Starting Max Pressure of

kJ/kg temp rise capacity of temp pressure concern
concern

UTL-01 5000 2 200 20 10bar 17.2bar

VAR-01 972 486 200 20 175bar * 17.2bar

ERG-01 972 486 200 20 175bar 17.2 bar

MEC-01 972 486 200 20 175bar 17.2bar

MIX-01 [ 5000 2 200 20 unknown™ | 17.2

*Calculating Pmax for scenario VAR-01, ERG-01 and MEC-01

We know from the CSB report that the adiabatic heat rise of the ACR 9031 is 486°C. Thus even
a little water would initiate a self sustaining decomposition throughout the batch.

Thus the charge would be:

5400 Ib =2,115.5 kg Na,S,03 molecular weight 158g/mole
2,115,500¢g / 158 g/mole = 13,389 moles Na,S,03

Each mole of decomposing Na,S,03 gives off 1 mole of SO, thus 13,389 moles of SO,
are released on complete decomposition.

900 Ib = 335.9 kg K,CO3; molecular weight 138 g/mole
335900g / 138 g/mole = 2,434 moles

Each mole of decomposing K,COj3 gives off 1 mole of CO, thus 2434 moles of CO; are
released on complete decomposition.

R=0.083 bar*L/mole*K

T=779K :7293K (20°C starting temp) + 486 (adiabatic heat rise)
v® =6 m® = 6,000L

n = 15823 = 13389 moles SO, + 2434 moles CO,

19 Requires a venting calculation based on an open manway. But does it really matter since you have flames
shooting out of the manway?
% Assumed from drawling in CSB report that head volume is roughly equal to the fill volume of 6 m®
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5.2.9 Reporting and Proof Reading

The user should print out all applicable reports. See section 3.2.11 for report generation.

Reports should be examined carefully for incorrect or misleading information. This program
must by necessity simplify chemical reactivity evaluation, binary chemical reactivities and
warehousing segregation into general rules of thumb and generalized assumptions of chemical
behavior. This can lead to either under estimation and overestimation of the potential for an
incident.

These Reports are intended to be a starting point toward an in depth discussion of the results in
the context of an overall process safety management system and not the fulfillment of one’s legal
or moral obligation to handle and use chemicals safely.

Selected screen shots of reports:

Chemicals report exported to Excel:

DBldentification [Chemical Name CAS Number |DOT Labels Chemical Formula |Chemical_Id [Reactivity Ids
NOAA ALUMINUM POWDER, UNCOATED |7429-90-5 4.2 Spontaneously Combustible|4.3 Dangerous when wet |Al 14008 22
NOAA SODIUM HYDROSULFITE 7775-14-6 4.3 Dangerous when wet Na25204 4500 45
NOAA BENZALDEHYDE 100-52-7 9.0 Other Hazard C7H60 216 5
NOAA ISOPROPANOL 67-63-0 3.X Flammable liquid C3H80 946 4
SQL WATER 7732-18-5 Non-hazardous material H20 1 100
SQL Potassium carbonate 584-08-7 Non-hazardous material K2CO3 2 39
SQL ACR 9031 4.3 Dangerous when wet 315, 22, 39, 45

Pure component hazards

Chemical Name Reactive Group Name
ALUMINUM POWDER, UNCOATED,ISOPROPANOL Highly Flammable
ALUMINUM POWDER, UNCOATED,SODIUM HYDROSULFITE |Water-Reactive
SODIUM HYDROSULFITE Air-Reactive

ALUMINUM POWDER, UNCOATED Pyrophoric
ISOPROPANOL Peroxidizable Compound
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Binary interaction matrix reformatted in Excel for readability

W
[a) - w
> @) E
fa) i Z 4
:E) o E [a) o a € o
Z W = o = x 2 ®
x =la < 4 5¢ o o &
-3 S = O N o = = ]
g 232 @ 2 o g < S £
= a5 o 2} 0T = a8
BENZALDEHYDE B5, D1
ISOPROPANOL B5, C C, G
A6, B1, B5,
SODIUM HYDROSULFITE A2, C, G B5, C C
B6, D3, D6,
WATER B6 D7
A3, A6, B1,
Potassium carbonate B5, C A6, C, D4 C, D3 B5, D7, E
B5, D1, A3,
A6, B1, C, A2, |B5, D1, A6, |C, G, B5, A6,(B5, C, A2, G, |B6, B5, D7, E, |A6, C, D4, A3,
ACR 9031 G C, D4 Bl D3, F D3, D6 B1, B5, D3

Al:Explosive when dry.

A2:Risk of explosion by shock, friction, fire or other sources of ignition.

A3:Forms very unstable explosive metallic compounds.

A4:External heating may cause an explosion.

A5:May form explosive peroxides.

A6:Reaction proceeds with explosive violence and/or forms explosive products.

A8:Explosive when mixed with combustible material.

A9:Heat generated from chemical reaction may initiate explosion.

A10:Increased sensitivity to detonation.

B1:May become highly flammable or may initiate a fire, especially if other combustible materials are present.
B3:Spontaneously flammable in air.

B4:Spontaneous ignition of reactants or products due to reaction heat.

B5:Combination liberates gaseous products, at least one of which is flammable. May cause pressurization.
B6:Combination liberates gaseous products, including both flammable and toxic gases. May cause pressurization.
C:Exothermic reaction. May generate heat and/or cause pressurization.

D1:Exothermic, potentially violent polymerization. May cause pressurization.

D3:Combination liberates gaseous products, at least one of which is toxic. May cause pressurization.
D4:Combination liberates nonflammable, nontoxic gas. May cause pressurization.

D5:Combination liberates combustion-enhancing gas (e.g., oxygen). May cause pressurization.
D6:Exothermic, generation of toxic and corrosive fumes.

D7:Generation of corrosive liquid.

E:Generates water soluble toxic products.

F:May be hazardous but unknown.

G:Reaction may be intense or violent.

H:Possible exposure to radiation.

I:Members of this group are highly reactive. They may be incompatible with members of the same group.
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Adiabatic (Initial  [Max Temper |Pressur
Scenario Scenaric |Heat OF Temp Temper |Reaction |ature Of |e OF
Name Scenario Type |Status Reaction [Full Description Comments Rizg ature  |Pressur |Cencern|Concern | MTSR | Temperature recomendation Presgsure recomendation
Fire Scenario 1500K)Kg used to
reprezent complete combustion, The safety of thiz 2cenaric can not | The infermation entered for the
azzumed cp=2, uzed 10X rule of thumb be determined bazed on pressure analysiz of thiz =cena
te determine Pmax. MVWAP=2.5 thermodynamicg, a kinetic indicates that thiz scenaric haz a
Inertion gas interrupted causing |pressure of concern. Prezsure evaluation or ether evaluation iz lows probability of causing a majer
Loaz of Utility o2z of inertion in Blender. Static |analyziz azzumssz no decomp - required. Sesk additional guidancs |chemical reactivity incident. See
UTL-04 Scenario Completed [1500 ignitez Benzaldehyde vapors improbable 750 20 10 200 for thiz reaction. help guide.
Water reacts with vessel contents. The zafety of thiz 2cenaric can not | The zafety of thiz 2cenario can not
Gas and heat evolved. Heat of reaction be determined based on be determined based on
wery high - expect 2pontanious ignition thermodynamics, a kinstic thermodynamics, a kinstic
Proceszs Overfill causes stress in land or Na20432. S000KjKg evaluation or other evaluation is evaluation or other evaluation is
“ariation intsnzifier bar bearings causing a |chozen to reprezent large heat of required. Sesk additional guidancs |requirsd. Seek additienal guidance
WAR-01  |Scenario Completed [872 coolant leak. reaction 435 20 175 200 17 5068 |for this reaction. for thiz reaction.
The safety of thiz scenario can not | The zafety of this scenario can not
be determined bazed on be determined based on
thermodynamics, a kinetic thermodynamics, a kinetic
Energy Input evaluation or ether evaluation iz evaluatien or ether evaluation is
“ariation Jacket stem valve leak cauzes required. Seek additional guidance |required. Seek additional guidance
ERG-I1 Scenarie Completed |972 jacket to exceed setpoint assume complete failurs to ~130C 455 20 175 200 S06  |forthis reaction. for this reaction.
The safety of thiz scenario can not | The zafety of this scenario can not
be determined bazed on be determined based on
Bearing failure leads to localized thermodynamics, a kinetic thermodynamics, a kinetic
Mechanical overheating. Self-zustaining svaluation or other svaluation iz evaluatien or ther evaluation iz
Failure decemposition inttiated that required. Seek additional guidance |required. Seek additional guidance
MEC-01 Scenario Completed 572 spreads to entire batch 485 20 175 200 17 S06 | forthis reaction. for this reaction.
Must determine best courze of action. The safety of thiz =cenario can not |The zafety of this =cenario can not
Cloze manway or semething slze Vhat be determined based on be determined based on
Fire suppression system are the consequences of dizabling fire thermodynamics, a kinetic thermodynamics, a kingtic
Inadvertent activated by event not connected | protection during charging? Ignore evaluation or ether evaluation iz evaluation or other evaluation is
with precess during a charging | Pressure because reguires venting calc required. Sesk additional guidance |required. Seek additienal guidance
MIX-01 Completed [5000 operation not done 2500 20 0 200 2520 |for this reaction. for thiz reaction.
2
w
>
[3+]
c
(35
o
=
[3+]
=
(b}
O
(9]
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5.2.10 Developing a Reactivity Management System

The user should now incorporate the output information into their site chemical reactivity
management system. For references on developing and implementing a chemical reactivity
management system in accordance with the expectation of local, state and Federal authorities

please see Appendix D of this guide.

5.2.11 Example Summary

It is clear that the outputs of this program would have prevented this devastating event had they
been utilized properly. Given Napp’s attention to details like covering floor drains to avoid the
GPA from contacting water in the sewer, it is clear that some thought was put into fault
scenarios. The fact that they missed the potential of a leaky seal, An un-cleaned header pipe,
energy input from the intensifier bar, miss charging, charging to a wet blender and many more
shows the importance of exploring the consequences all possible failures. A good rule of thumb
when assessing failures is: If it absolutely could not happen it will.
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5.3 XYZ Pharmaceuticals - Intentional Chemistry
Jump to Common Preliminary Step section 5.0
Start with section 5.0 before completing these steps

The following example has no basis in reality. XYZ Pharmaceutical company uses a two step
process to manufacture a bulk pharmaceutical ingredient Lopoduradyn.

Table of Contents

LT B0 A o o Tl T Y 11 o PO POPPTPR
5.3.2 Laboratory Scale facility Tab .......oo i s s e
5.3.3 Process Chemicals tab — searching for chemicals..........c..ooociiiiiciiie et
5.3.5 MisSing Data WarninNg DOX ......coiuiiiiiiiiieeite sttt ettt e st e s bt e st eeneesb e e e snee s beeeneesanes
5.3.6 Warehousing vs. ChemiCal PrOCESSING ........iiiciiieiiiiee e et e ceite e e sttt e e e ste e e e etae e e sbbeeeesttaeeseasaeeesntaeaeensraeeennsens
5.3.7 Building Credible Reactivity and FAUlt SCENAIIOS ......coovuiiriiiiiieiiieeiee st
5.3.7.1 Scenario Building example: TErNary IMIXEUIES.......c.uviiiiuiieeeiiieeeeciieeeectee e streeeetee e sereeeestreeeensaeeennnas
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Jump to Common Preliminary Steps

Sections 5.3.1 through 5.3.6 are abbreviated instructions for detailed instructions use the link
above.

5.3.1 Process Tab

e Open a new process in the RMT. By pressing the “create process” button on the
Process tab.

Process

Reactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team Members | Laboratory Gcale Facilty | Process Chemicals | Missing Chemical Data | wWarehousing

portance of Limiting the Scope of Each Evaluation to Something Less Than an Entire Production Site

The reaWivity hazard evaluation protocol will best be applied to one chemical process or unit at a time. Atternpting to apply itto an entire production
zite will ginerally be too cumbersame. Also chemical incompatibility hazards are uszually bestidentified in each process area or unit,

For exampM. sav a company named Charbroiled Chemicals owns a production facility that includes a warehouse and process units making
ethylene, chiine, and vinyl chloride. Inthis case, the ?rotocol would best be applied four times, once for each of the three process unite and once

for the warehouse. These are "Tabs‘

Frocess

Process Name:
Facility Name:

Evaluation D ate:

LCreate Process ] [ Load Pracess

e Enter “Process 1” in the Process name field

e Enter “Building 1” in the Facility name. See section 4.1 for help in selecting the proper
scope of your evaluation.

e Save your entries with the “save” button before pressing “Next”

5.3.2 Laboratory Scale facility Tab
e You are now asked if your operation is defined as a “Laboratory Operation”. Choosing
yes terminates the program. The default answer is No with next taking you on in the
program. Press the “help” button for a definition of Laboratory operations.

5.3.3 Process Chemicals tab - searching for chemicals
e Press the “Search Chemical Databases” button to begin by searching the NOAA
CAMEO database for your chemicals. Note: if you have entered custom chemicals in
your RMT custom database these are searched at the same time.
e Enter the name of your first chemical in the pop-up search box and press search button.
e Search through your hits for your desired chemical. Check the box in front of the
name. (you may make multiple selections.) them press the Add to process” button
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Production area chemical list
acetophenone

bromine

dichloromethane
2-bromo-1-phenylethanone

sodium azide

tetrahydrofuran

triphenylphosphine
4-methylbenzenesulfonic acid
compound 987654321

Ubiquitous chemicals
Water

Syltherm XLT®

Line Kleen®

5.3.4 Entering chemicals not found in the NOAA database

Hazard codes for
custom entry
in NOAA DB
in NOAA DB
in NOAA DB
in NOAA DB
in NOAA DB
in NOAA DB
in NOAA DB
in NOAA DB
6,38

in NOAA DB
28
1,38, 100

Entering the custom chemical Line Kleen™
e Type “Line Kleen” into the chemical name box

¢ PRIMARY DOT code — select “Corrosive — acid”

DOT Codes
(MSDS sect.14)
3.2
8A,6.1
6.1
6.1
6.1
3.1
6.1
8A
6.1

non-haz
3
8A

Reactive Hazard
in NOAA DB

in NOAA DB

in NOAA DB

in NOAA DB

in NOAA DB

in NOAA DB

in NOAA DB

in NOAA DB
none

none
none
none

e Make no selection under secondary DOT because there is not one listed in the MSDS
e Reactivity groups: select the following by holding down the “Ctrl” key. Using the scroll
bar and the left mouse button select the following. They will gray out when selected.
o “1 Acids —inorganic non-oxidizing” because MSDS lists Phosphoric acid
o “38 Salts acidic inorganic” because it is assumed that the solution is pH is

buffered

o “100 water” because water is an ingredient

Special Hazards groups
o Select “none”

Enter the other two chemicals not found in the NOAA database bases on their MSDS.

Name Primary DOT | Secondary DOT | Reactive Groups | React hazards
Compound 3 none 6,38 none
987654321

Syltherm XLT 8A none 28 none
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Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards
Pracess | Team Members | Laboratory Scale Faciity | Process Chemical: | Missing Chemical Data | Warehousing
Load Process Chemicals
[ Search Chemical D atabazes ] | Administer Custom Chemicals |
[ HELF Searching chemicalz ] [ HELF Adding /modifying custam chemicals Chemicals:[12]
Select Chemicals | DEldentificatios = Lhemical Mame DOT Labels CA5 Mumber -
| MOAL PHEMACYL BROMIDE £.1 Paoizon 701141
| MOAL SODIUM 2ZIDE £.1 Paoizon 2RE28-22-8
| MOAL TETRAHYDROFURAN 3% Flammable figuid 103-33-3
F MOAL TRIPHEMYL PHOSPHIME £.1 Poizon £03-35-0
F MOAL TOLUEME SULFOMIC ACID, LIGUID, WITH MORE THAM 5% F... | 8.0 Corosive Acidic 104-15-4|25231-46-3
O SoL WATER Mon-hazardous material 7732185
O SoL Line Kleen 8.0 Comosive Acidic v
O SoL Siltherm XLT 3 Flammable liquid 4
O SoL Compound 387654321 B.1 Paison 4
w
< ¥
> Export Grid to Excel ] [ Hext

5.3.5 Missing Data Warning box
Input the DOT labels for all NOAA chemicals. The DOT codes are required for the
warehouse segregation function. The program will not allow the user to continue until all
required data is entered.

Bkl If the next button does not work recheck that at least a primary DOT code and at least one
reactivity group has been entered for each chemical. Use the scroll bar on the bottom to
alert scroll right to see the reactivity group column.

5.3.6 Warehousing vs. Chemical processing
= The program seeks to determine if the Facility being evaluated is solely a Warehouse or
if other operations are performed there. Press the Help button or see the help guide for
definitions.
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For this example we are reacting chemicals in a chemical reactor and therefore we shall
select the answer: Physical or Chemical processing may occur in this area.

Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Process | Team Members | Laboratory Scale Facilty | Process Chemicals | Missing Chemical Data | W arehousing

Are chemicals used solely for warehousing purposes?
() This area is used solely for storage / warshousing [ends hazard evaluation process urless box below is checked)
(@ {Physical or Chemical processing may 0ccur in this area ;

Continue With Physical and Chemical processing evaluation

Press the Next button to move on to the next section of the evaluation.

5.3.7 Building Credible Reactivity and Fault Scenarios

The user should be very familiar with HAZOps scenario building or consult the Help
Guide and incorporated references for detailed information on how to build credible
scenarios for evaluation. It is critical to the satisfactory performance of the program that
the user identifies all credible scenarios applicable to the processing area. Failure to
identify even one high hazard scenario could jeopardize the safety of your facility.

The program first asks if you have already performed a formal Process Hazard Analysis
on the facility by one of the established and accepted methods.

For the purposes of this example we will answer NO.

5.3.7.1 Scenario Building example: Ternary Mixtures

Helpful
il

Helpful .
Hint

This is the first of a series of fault scenarios presented to the user to spark ideas for
credible scenarios.

For the purposes of this exercise we will skip most of them. In a real facility one would
expect to build 25-50 credible scenarios for a narrow scope evaluation such as this one.
Utilize the explanations in the help button and references in the help guide to fully
explore each topic.

When naming scenarios use a common convention throughout. The authors suggest three
letters designating the tab where the scenario was entered followed by a dash and
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consecutive numbers. Ex TER-001 for the first scenario built under the Ternary mixtures
tab.

= For the purposes of this exercise we will now skip ahead to the tab called “Loss of Utility
Scenario” by clicking on that tab

Process Name - Process 1; Facility Mame-building 1

Reactivity E valuation Pratocal | Chemical Reactivity Hazards ‘ Evaluate Heat Release and Pressure Generation Hazards

|dentify PHA Process | PHA Scenario | PHA guide |

| Ternary Misture Scenario | Identify Loss of Uity | Loss of utiity Scenario | [dentify Proce $

Termary Mixture

(%) Temary mistures identified

() Temary mistures not present

= Click the “add” button
= Enter the data as shown below
Eﬁl]@ﬂ@ﬁﬂﬂﬂ Because this is a fire scenario and not a chemical reactivity scenario we simply entered “0” in
g the heat of reaction box. This is an option field at this time so don’t worry if you are missing
int the data. A note could also be made that we are not interested in evaluating the heat of
reaction of a fire scenario so zero was entered as a place holder.

Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Identify PHA Process | PHA Scenario | PHA quide || Identiy Temary Mistures | Temary Misture Scenaria | Identify Loss of Utility | Loss of utility Scenario | |dentify Proce € F

Create Loss of Utility Scenario

Scenario Name: Lhil-01
Full Deseription: Freumatic valve on inettion gas T-1 fails closed or manual hack-up valve closed
Comments: Loss of inertion. Possable fire in T-1

Heat of Reaction: Kj#f.q of Tatal mixture
[ BReset ] [ Save ] [ List all Scenarias ] [ Help
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= Press the save button before attempting to go on using the next button
For the purposes of this example we will now move on to the intended chemistry

Select the “Any Other Scenario” tab. To view this tab you must use the arrows in the upper
right corner of the process window.

Process Name - Process 1; Facility Mame-building 1

Reactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Releaze and Pressure Generation Hazards

Identify PHA Process | PHA Scenario | PHA guide || |dentify Temary Mistures | Temary Misture Scenario

Loss of wtility Scenario | Identify F'ng_e SR

Loss of Utility

() Loss of Utiity identified

Use this tab to enter your intended chemistry reactions, any strong chemical reactivity issues
identified by the Reactivity Matrix and any scenario that does not fit into the other categories.

We will first enter the intended chemistry reactions.
Select the add button. Enter the text as shown:

Process Name - Process 1; Facility Name-building 1 |Z||§|rs__<|

Reactivity Evaluation Protocol | Chemical R eactivity Hazards | Ewaluate Heat Release and Pressure Generation Hazards

Identify Inadvertent Mixing | Inadvertent Mixing Scenario || Identify Humnan Emor | Human Error scenario || Identify any Other Scenario | Any Other Scenario SR

Create Any Other Scenario

Any Other scenario description will be displayed here..

Scenario Mame: Oith-001

Full Description: | Process reaction step 1. Run under normal operating conditions

Commetts: Operating conditions outside narmal operating conditions hawve been considered in other scenarios.

Heat of Reaction: Kjk.g of Total mixture
BReset ]| Save |’ List all Scenaniog: ][ Help

Note that the -16.6kJ/kg reaction energy (exothermic) is entered as positive number.
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Press the save button and enter the next Reaction as shown. With a heat of reaction =
464kJ/kg

E®| Process Name - Process 1; Facility Name-building 1

| Reactivity E valuation Protocol [ Chemical Reactivity Hazards | Ewaluate Heat Release and Pressure Generation Hazalds|

| Identify Inadvertent Mixing | Inadvertent Mixing Scenaria | 1dentify Human Error | Human Errar seenario | Identify any Other Scenario | Any Other Scenario SR

Create Any Other Scenario

Ay Other scenanio dezcription will be dizplayed here..

Soenario Mame: | gy-n2

Full Description: | Procass reaction 2. Run under normal operating conditions

Comments: Operating conditions outside normal operating conditions hawve been considered in other scenarios

Heat of Reaction: Kj/K.g of Tatal mixture
Beset ” Save ] ’ List all Scenarios ] [ Help

Press Save.

5.3.7.2 Identifying significant Binary interactions
We will now search for any binary chemical interactions identified by the program

Under the “File EEl Reactivity Management Tool

menu select
File
reports, Process
Reactivit ~
) Yy Reports 4 | IW
Matrix

Disclaimer

Exit

Warehousing Segregation Report

Reactivity Evaluation Report

This opens a
blank report &8 Process Mame - Process 1; Facility Name-building 1

window. | Reactivity Evaluation Pratocal [ Chemical Reactivity Hazard: | Evaluate Heat Fele:

| |dentify Inadwvertent kixing || Inadvertent kixing Scenario || |dentify Human Error ||_}

Create Any Other Scenario

Any Other zcenano dezcription will be displayed here..
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[ Reactivity Matrix

Select your process and
press the load button
You will see the binary
interaction matrix for
your process. Double
click on each cell withan |
entry to view the

identified interaction.

Cyiernical Reactivity Matrix

Placess: |~Select~ Vl[ Load

s

Erport Gnd to Excel Erint Printal

In the following screen shot we have double clicked on the interaction of Bromine with
Acetophenone. As you can see any possibility that these two chemicals could be mixed in an
uncontrolled fashion should be seriously considered as a credible scenario with serious
consequences. Use the scroll bar to scroll through all of the supplemental information and
references provided.
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Reactivity Matrix

Chernical Reactivity Matrix Process 1
Process: |Process 1 L
~
Matiis ACETOPHENONE  BROMINE DICHLOROMETH? Ghch ol SODIUMAZIDE  TETRAHYDRO
1
ACETOPHEMOME
L4 BROMINE AR AR B4 C.D.
DICHLOROMET... &2, 486, C.D3.B4
PHEMACYL BRO... A2 86, C.D3 A
S0DIUM AZIDE C.D4 4B, C,D3,G,49 4B BE.C AR, BE.C,D4
TETRAHYDROF... A2, 86,48, B4.C. D3 D3 AR C
TOLUEME SULF... |AB, B4, C.D3 AR, A8, 89,B6,C.. |42, B1.C.D3 &2, B1,C,D3.4.. AB B4, BE.C A6, B4, C.E
TRIFHEMYL FH... |B5,C 49,84, C,BE &9,B4,.C. D3 &49,B4.C,03,B5 AR BE.C A2, A8 B4, BS,
WATER C.03.D5.D6.D... |D3.D7 D3, D7 D4 03.DY.E
- - J . S [ IO mn.-.qnq)r
BROMINE mixed with \ *~
4 |1} ACETOPHEMONE
{hay form explosive peroxides.
{Reaction proceeds with explozive violence andfor forms explosive products.
{Heat generated from chemical reaction may initiate explozion.
{Spontaneous ignition of reactants or products due to reaction heat.
{Exothermic reaction. bay generate heat andior cauze pressurization.
{Combination liberates gaseous products, at least one of which iz toxic. May cause prezzurization.
{Generates water zoluble toxic products.
—%adinn may be intense arwviolent, _/J
Fozzible Gases: Halocarbons
Citations:
Acetone will produce toxic haloforms if oxidized by metal hypohalites such az NaClO (Howard, w.L. 2001, Acetone. In Kirk-Othmer
Encyclopedia of Chemical Technology. John Wiley & Sons, Inc). Wacetone reacts explosively with difluorine dioxide, even at-78 C
(Streng, A.G. 1963, Chemical Reviews 615) WAcetone ignites or explodes on contactwith nitrosvl perchlorate (Hoffrman, KA, et al,
1904, Ber. 42:2031 ).0Cr03 and ketones, including acetane and methyl ethyl ketane. ignite on contact (Fawcett, HH. 1953, Industrial =
Export Grid to Excel l [ Print ] [ Frirtall
Now:

Click through the rest of the matrix to identify any other mixtures that could release large
amounts of heat or gas. Use the scroll bar to review entries to the right and bottom.

For the purpose of brevity, in this example we will only be entering the interaction between
acetophenone and bromine even though there are several other violent interactions identified

by the matrix.

Entering the reaction Acetophenone + Bromine - Bromoacetophenone + HBr into
CHETAH® results in a AH, value of -3.96Kcal/mole. This converts to -16.6 kJ/mole
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The molecular weight of acetophenone = 120.2g.mole
The molecular weight of bromine is 159.8g/mole

Thus the total weight of a 1 mole reaction would be 120.2+159.8 = 280g = 0.28kg

Set up the ratio:

Thus we have estimated the reaction energy of this interaction to be 59.3 kJ/kg

Add a new scenario in the “Any Other Scenario” tab

Process Name - Process 1; Facility Name-building 1

Fieactivity E valuation Protocol | Chemical Reactivity Hazards | Ewaluate Heat Release and Prezsure Generation Hazardz

|dentify Inadvertent Mixing | Inadvertent Miing 5 cenario | Identify Human Error | Humar Enor scenario | |dentity any Other Seenario | Any Other Seenario S

Create Any Other Scenario

Ay Other scenario description will be displayed here..

Scenatio Name: | oy-n03

Full Description: | Accidental mixing of bromine and acetophenone

Comments: Feaction produces 1 mole of kydrogen bromide gas (Toxic)
Heat of Reaction: Kj/K.g of Tatal misture
[ Reset ] ’ Save ] [ List all Scenarioz ] ’ Help

Into the comments box we now enter the following “Reaction produces 1 mole of

hydrogen bromide gas - Toxic”. This will help us during the evaluation of the pressure
for this scenario.
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5.3.8 Evaluation of Scenarios

Upon saving your last scenario press the next button. The program will pop-up a box asking
if you want to create any more scenarios. Answer NO to move to the scenario evaluation
phase. Alternately use the tabs to navigate to scenario evaluation.

ﬁprocess Name - Process 1; Facility Name-building 1

| Feactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards|

| Identify Inadvertent Mixing | Inadvertent Mixing Scenaria || Identify Human Erar | Human Errr scenario || [dentify any Other Scenaria | Any Other Scenario S

Create Any Other Scenario

Ary Other scenario description will be displayed here..

Scenario Name: |

Full Dezcription:

\?/ Do you wank ko create any other scenarios

Comments:

Heat of Reaction: l:l Ki/K.g of Total misture
Add Save List all Scenarios H Help

&8 Process Mame - Process 1 ; Facility Name-building 1

| Reactivity Evaluation Protocel | Chemical Reactivity Hazards | Evaluate Heat Releass and Pressure Generation Hazards |

Determine b awximum Adiabatic Temperature || Define Temperature of Concern || Scenario Thermal Analysiz || Dretermine b aximun Reaction Pressure || Define 4 *

Scenarios (double click to select)

Scenarnio Mame Scenarnio Type g?;ﬂ:[io E::tcgofn Full Description Comments
Logz of Utility Scenario Unevaluated 0.00 | Preumatic valve on inertion... | Conzequences: T-1 nof]
Oth-001 Ay Other Scenario Unevaluated 16,60 | Process reaction step 1. Bu... | Operating conditions o
Oth-002 Ay Other Scenario Unevaluated 464.00 | Process reaction 2. Run un... | Operating conditions o
Oth-003 Ay Other Scenario Unevaluated 59,30 | Accidental mixing of bromin... | Reaction produces 1 m
£ | >
YWorking Scenario  (Enter a heat of reaction far this scenario and update before continuing with ewvaluating each scenario ane at a time) Scenariols) : 4

Scenario Name:

Full D escription:

Commehts:

Heat of Reaction: l:l Kif¥.g of Total misture
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5.3.8.1 Evaluation of Utl-01
To evaluate the first scenario, double click on the name. The grayed out text becomes editable.

Process Name - Process 1; Facility Name-building 1

Fieactivity Evaluation Protocol | Chemical Feactivity Hazards | Evaluate Heat Releaze and Pressure Generation Hazards

Scenarias | Dieterming b aximum Adiabatic Temperature | Define Temperature of Concem | Seenania Thermal Analysis | Determing M aximum Reaction Prezsure | Define 4 *

Scenarios (double click to select)

Scenario Mame Scenario Type ggatzzrio E::tcgofn Full Description Comments
Lozs af Utility S cenario Unevaluated 0.00 | Preumatic valve on inertion... | Conzequences: T-1 nal
Qtk-001 Any Other Scenario Unevaluated 16.60 | Pracess reaction step 1. Bu... | Operating conditions o
Qth-002 Any Other Scenario Unevaluated 464.00 | Process reaction 2. Run un... | Operating conditions o
Qth-003 Any Other Scenario Unevaluated 59,30 | Accidental mixing of bromin... | Reaction produces 1 m
< | >
Working Scenario  (Enter a heat of reaction for this seenario and update before continuing with evaluating each scenario one at a time] Scenariofs): 4

Scenario Mame:

Full Description: | Bn g ymatic wahse on inertion gas T-1 fails closed or manual back-up valve closed|

Cammerts: Conseguences: T-1 not inerted and contains flammable solvent. Fossible fire.
Controls: alarm on air pressure feed to valve. Operator instructions to check for flow. SOP maintenance

Heat of Reaction: F.j/Kg of Tatal rni:-:ture[ Update ] [ Fieset ] [ Evaluate Scenario ]

Press the “Evaluate scenario” button

rocess Name - Process 1; Facility Name-building 1

Feactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards |

Scenarios | Determine Masimurn Adiabatic Temperature | Define Temperature of Concern | Scenario Thermal Analysis | Dieterming b awimurn Reaction Pressure | Define 4 *

Determine Maximum Reaction Pressure

Enter the maximumn pressure that could be reached by the scenario. See the guide for help. For non gas praducing reactions, the vapor pressure of the most
volatile component at the caleulated maximum scenario temperature iz a uzeful congervative guess.

r911'xa_r1ano Mame [ 11 \

Full Description

Comments

t of i . .
% o reasten Kj#K.q of tatal misture _/

Max Reaction il Unit | BAR ~
Pressure

Frew Save
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Notice that the text becomes un-editable again. Also in this case no further heat of reaction
information was required to evaluate the thermal hazard of the scenario. As you recall this was a
fire scenario so we entered zero for the heat of reaction because we were not interested in
evaluating this aspect of the scenario.

The program is requesting that we enter a Maximum pressure. In this case we used the rule of
thumb of 8-10X starting pressure for an explosion / fire starting at ambient pressure and ~20%
oxygen content. We entered 10 in the pressure and selected Bar as the units.

Press “Save” then “Next” to continue the evaluation

Process Name - Process 1; Facility Name-building 1

Fieactivity Evaluation Protocal | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Define Temperature of Concen || S cenario Themal Analysiz | Determing Marimum Reaction Pregsure | Define Pressure of Concem | §cenario Pressure Analysis | Cone £ %

Define Pressure of Concern
Pressure of concern may be a design limit such as the masimum allowable working pressure of a pressure vessel.
Pressure of concern B&R

We are now asked to enter a pressure of concern. In this case we used the ASME failure
pressure of 2.5X the MAWP of the vessel.

Helpful
Hint

Note that the pressure of concern must be entered in the units selected on the pervious screen.
Press “Save” then “Next” to complete the evaluation

A conclusion is displayed for the pressure calculation indicating this scenario is unlikely to cause
a serious chemical reactivity incident.
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Process Name - Process 1; Facility Name-building 1

Fieactivity Evaluation Protocal | Chemical B eactiviy Hazards | Evaluate Heat Release and Pressure Generation Hazardz

Define Temperature of Concern | Scenario Thermal Analysiz | Determine Maximum Feaction Pressure | Define Pressure of Concem | Scenaria Pressure Analvsis | Cone ¢ »

Fressure Analysis

The infarmation entered for the pressure analysis of this scenario indicates that this scenario has a low probability of causing a major chemical reactivity incident. See
help guide.

Press the “Next” button. The program will ask you if you would like to change the status of this
scenario. Your choices are:

4. Unevaluated

5. Needs updating

6. Complete
In this case we are done with this scenario and will select “completed” from the drop-down menu
and press the save button.

We are then asked if we want to go back to the scenario evaluation area or open a report form.

Choose evaluate another scenario.
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5.3.8.2 Evaluation of Reaction step 1 (Oth-001)
Select Util-001 by double clicking. Look over the text. Edit if necessary. Press “update” then
Evaluate

- C1o0x)
Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenanios | Determing Maximum Adiabatic Temperature | Define Temperature of Concem | Scenario Thermal nalysis | Determing Mazimum Reaction Pressure | Defing < *

Determine Maximum Reaction Pressure

Enter the masimurn prezsurs that could be reached by the scenario. See the guide for help. For non gas producing reactions, the vapor pressure of the most
volatile component at the calculated maximum scenario temperature is a useful conservative guess.

Scenario Mame

Full Description

Comments

Heat of reaction . .
Kj/k.a of tatal misture

Max Reaction 0 Urit | -Select- v
Pressure
e ] e

Once again the program did not require any more information to evaluate the thermal hazard of
the scenario and went right into the pressure evaluation.

In this case the reaction cannot reach reflux and thus build pressure in a sealed vessel and we will
say that it does not evolve any gas. Therefore the maximum pressure is ~0psi

Enter 0 and select psi from the dropdown menu for units.

Press the Save and Next buttons to continue the evaluation

We entered 250 PSI as the pressure of concern (2.5X MAWP of the vessel)
Press “Save” then “Next” to complete the evaluation

A conclusion is displayed for the pressure calculation indicating this scenario is unlikely to cause
a serious chemical reactivity incident.

In this case we are done with this scenario and will select “completed” from the drop-down menu
and press the save button.
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Go back to the scenario evaluation area by choosing evaluate another scenario.

5.3.8.3 Evaluation of Reaction step 2 (Oth-002)
Select Util-002 by double clicking. Look over the text. Edit if necessary. Press “update” then

Evaluate

Process Name - Process 1; Facility Name-building 1

R eactivity Evaluation Protocol | Chemical Feactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenarias | Dieterming b aximum Adiabatic Temperature | Define Temperature of Concem | Seenania Thermal Analysis | Determing M aximum Reaction Prezsure | Define 4 *

Scenanos (double click to select)

Scenario Mame Scenario Type gﬁ;ﬂ:"o E::tcgofn Full Description Comments

Ue-01 Logz of Uty S cenario Completed 0.00 | Preumnatic valve on inertion... | Congeguences: T-1 not]

Qth-001 Any Other Scenario Completed 16.60 | Process reaction step 1. Ru.. | Operating conditions o
Any Other Scenario Unevaluated 464.00 | Process reaction 2. Aun un... | Operating conditions o

Qth-003 Any Other Scenario Unevaluated 5930 | Accidental mixing of bromin... | Reaction produces 1 m

£ | >

Working Scenario  (Enter a heat of reaction for this seenario and update befare continuing with evaluating each scenario ane at a time)

Scenariofs) ;4

Scenarnio Mame:

Full Description: | /= tion 2. Bun under normal operating conditions

Earnmerts: Operating conditions outside normal operating conditions hawe been considered in other scenarios

Heat of Reaction: | 454 p F.j/Kg of Tatal misture [

Update ] [

Beset ] [ Ewaluate Scenano

Frev

This time the program asks for more information for assessing the thermal hazard of the process.
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f% Process Name - Process 1; Facility Name-building 1 - i ,§|

Fieactivity Evaluation Protocol | Chemical Reactivity Hazards | Evaluate Heat Releass and Pressure Generation Hazards l

Scenarios | Determine Mavimum Adiabatic Temperature | Define Temperature of Cancerm || Scenanio Thermal Analyzis || Determine Mawirmum R eaction Pressure || Define € *

Determine Max Adiabetic Temperature Rise

“fou are being asked to either enter the adiabatic temperature rise of the reaction or the program can help pou calculate it

Seenario Mame |-y 0

Full Deseription | Procass reaction 2. Run under normal operating conditions

Carnments Ciperating conditions outside nwmnditions hawe been considered in other scenarios

Kjdfg of tatal mixture
degrees C @al Temperature I:I deqgrees C

(O Hegat af Capacity JigidegreeC
[ Save ] [ Reset ] [ Help ]

 Method B

Heat of reaction

(& Adiabiatic Temperature Rise

There are two methods of data entry here.

Method A

You can enter the adiabatic heat rise directly

Heat of reaction |454.DD Ki/Kq of total mixure
¢ Adiabiatic Temperature Rise |232 deagrees C Initial Tempearaturs II} degrees C
" Heat of Capacity I o'degmel:
Save | Feset | Help
Method B
The program will calculate it for you from the heat of reaction and heat capacity of the mixture.
Heat of reaction 464 00 Ki/Kg of total misture
" Adiabiatic Temperaturs Rise |232,D degrees C Imitial Temperaturs II} degreses C
{* Heat of Capacity |2_|:|- Niileaeet

Save | Feset | Help
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In this case we have a reaction mixture with a heat capacity of 2j/g°C which is typical for an
organic reaction mixture. Our reaction starts at 0°C.

Press Save and Next to continue the evaluation.
Note that the heat rise is entered into the proper field for you as soon as the save is pressed

) Adiabistic Temperature Fise degrees C
(¥} Heat of Capacity 27 g degreer

The program now asks us for the temperature of concern. In this case we will examine the
temperature required to exceed the MAWP * 2.5 or 250psi

Vapor pressure curves are available on the internet and also can be calculated by computer
programs such as Aspen. Let us say that we estimated the vapor pressure of our lowest boiler to
be 250PSI at 219°C. We will enter 219 as the temperature of concern. Other temperatures of
concern may apply to your reaction please consult guide book section 4.7 and the references
contained therein.

Press save then next to display the evaluation of the thermal scenario.

The safety of thiz scenanio cannot be determined bazed on thermodynamics, a kinetic evaluation or other evaluation methodology is required. Seek
additional guidance for this reaction.

In this case this reaction must be studied further to determine if it can be operated safely. Itis
highly recommended that the user consult an experienced process safety professional for
guidance as this scenario has a high likelihood of creating a chemical reactivity incident capable
of causing injury, death and severe property damage.
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The program will now evaluate the Pressure hazard

From our vapor pressure curve we determined that the vapor pressure of the reaction was
approximately 250psi. at the MTSR. The MTSR has been calculated behind the scenes by the
program and will report it in the scenario report. You can easily calculate it however by taking
the adiabatic heat rise from the thermal evaluation and adding it to the starting temperature. This
assumes that you do not have any exothermic decompositions too. We will assume that we do
not. If you did you must also add the adiabatic heat rise of the decomposition to the sum of your
starting temperature and your reaction heat rise.

Thus our starting temp was 0°C and our heat rise calculated to 232°C. (if you forgot these
numbers hit the previous button a few times to go back to that screen.)

0 +232=232°C MTSR
Looking on our hypothetical vapor pressure curve we see that the vapor pressure at 235°C is
about 450psi. Enter 450 and select psi as the units.

Process Mame - Process 1; Facility Name-building 1

Reactivity Evaluation Protocel | Chemical Reactivity Hazards | Evaluate Heat Relzase and Pressure Generation Hazards

Scenarios | Determine Maximumn Adiabatic Temperature | Define Temperature of Concem | S cenario Thermal Analysis | Determine Mawimumn Reaction Pressure | Defire € *

Determine baximum Reaction Pressure

Enter the maximum pressure that could be reached by the scenario. See the guide for help. For non gas producing reactions, the vapor pressure of the moszt
volatile component at the calculated masimum scenario temperature iz a ugeful conzervative guess.

Scenario Mame

Full Description

Comments

Heat of reaction . .
Ki/F.g of total misture

I ax Reaction 450 Uit -
Pressure
(oo [ oo

Press save and next
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Recall our MAWP times 2.5 was 250psi so this becomes our temperature of concern

ﬁprocess Name - Process 1; Facility Mame-building 1

| Reactivity E valuation Pratocel | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

| Diefine Temperature of Concern || Scenario Thermal Analysiz || Determine Maximum Feaction Pressure | Define Pressure of Concern | Scenario Pressure Snalysis || Conc 4 *

Define Pressure of Concern
Pressure of concem may be a design limit such as the masimum allowable working pressure of a pressure vessel.
Pressure of concerm | 250 PsI

Press save and Next

The safety of this scenario cannot be determined bazed on thermodynamics, a kinetic evaluation or ather evaluation methodology is required. Seek additional guidance
for thiz reaction.

The pressure evaluation like the thermal evaluation indicates that this reaction must be studied
further to determine if it can be operated safely. It is highly recommended that the user consult
an experienced process safety professional for guidance as this scenario has a high likelihood of
creating a chemical reactivity incident capable of causing injury, death and severe property
damage.

Press next and navigate to evaluate our fourth and final example scenario.
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Process Name - Process 1; Facility Name-building 1

Reactivity Evaluation Pratocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Seenarios | Determine M aximumn Adiabatic Termperature | Define Temperature of Concem || Scenario Thermal Analysis | Determine Maximurn Reaction Preszure | Define 4 *

Scenarios (double click to select)

<

Scenario Name Scenario Type g?;z:"o Eg:tcgcfln Full Diescription Comments

-0 Lozs af Utlity Scenaria Completed 0.00 | Preumatic valve on inertion... | Conseguences: T-1 nat
Qth-001 A Other S cenario Completed 16.60 | Process reaction step 1. Bu... | Operating conditions o

Oth-002 A Other Scenarnio Completed 464.00 | Process reaction 2. Runun... | Operating conditions o

W Ay Other Scenarnio Urewvaluated 5930 | Accidental mixing of bromir....

Reaction produces 1 m

Working Scenario  [Enter a heat of reaction for thiz scenario and update before continuing with evaluating each scenario one at a time]

Scenariofs) : 4

Scenario Mame:

Full Description:

Comments:

Heat of Reaction:

Kjk.g of Total misture

Prew

5.3.8.3 Evaluation of Oth-003

For this scenario we are not

asked for any further thermal inputs.

The team has determined that this mixing could only occur as an unconfined spill therefore we
will enter 0 for the maximum pressure and O for the pressure of concern, noting in the comments
section that we have determined that these 2 chemicals could only reasonably interact outside of

a vessel in a spill scenario.

Heat of reaction

K.j/k.g of tatal mixture

Copyright © 2012 AIChE
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To enter the comment navigate back to the list scenarios screen

Process MName - Process 1; Facility Name-building 1

Fieactivity E valuation Protocol | Chemical Reactivity Hazards | Evaluate Heat Release and Pressure Generation Hazards

Scenaros | Determine Mavimum Adiabatic Temperature | Define Temperature of Concern | Scenario Thermal Analysis | Determine Maximum Reaction Pressure | Defing 4 %

Scenatios (double click to select)
Scenarnio Mame Scenario Type ggz:”o Eg:tcgorn Full Dezcription Comments
Lo Lozs of Utility Scenana Completed 0.00 | Preumatic valve on inertion... | Conzequences: T-1 not]
Oth-001 A Other S cenario Completed 16.60 | Process reaction gtep 1. Ru... | Operating conditions o
Oth-002 Ay Other Scenario Completed 464.00 | Process reaction 2 Run un... | Operating conditions o
m Ary Other Scenario Campleted 59,30 | Accidental miking of bramin... | Reaction produzes 1 m
< >
Working Scenario  (Enter a heat of reaction for this scenario and update before continuing with evaluating each scenario one at a time] Scenariofs) : 4

Scenario Mame:

Full Description: | Accidental mixing of hromine and acetophenons

EDmme"Me hawve determined thatthese 2 chemicals could only reasonahly interact outside of avessel in a spill

scenatio
Heat of Reaction: |5g 3 Fj/K.g of Total mixture Update ] [ Rieset ] [ Evaluate Scenario

Note that the comment added below the original text. The original text is no longer visible but it
is captured on the report however. The hazards of releasing 1 mole equivalent of hydrogen
bromide into the work area should be examined. The comments section might be a suitable
place to maintain a summary of your findings on this matter.

Press Update to complete to record your change.

You have now completed the evaluation of your process.

5.3.9 Reports

Refer to the section on viewing and printing reports.

5.3.9.1 Warehouse

Because storage of these chemicals is the responsibility of the warehousing staff we did not
produce a warehouse segregation report. The program did however produce one anyway should
you want to view or print it.
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5.3.9.2 Reactivity Matrix

This matrix was reformatted to reorient the text direction of the columns and colored to identify

unused squares (grayed out) and no interaction pairs (green)

O i}
g z
L a b %) T
z = & z %
L
z T o 7 < ©}
Q W e a e = x
Z2 s m = X =)
w 2 N ) % = 5
I w Q > < > w = c <
o zZ O = T Z Q
o) = o < 5 < i w o o £
- = 7 2 2 & = T i 2 5
8 2 0 £ o i S z < E =
Matrix < o a o %) = = = = 3 (%)
A5, A6, B4,
C D3, EG,
BROMINE A9
DICHLOROMETHANE
PHENACYL BROMIDE
A6,C,D3,G,
SODIUM AZIDE C,D4 A9 A6,B6,C A6,B6,C,D4
A2,A6,A8,B4,
TETRAHYDROFURAN C,D3,G D3 D3 A6,C
A6,A8,A9,B6, A2,B1C,D3,
TOLUENE SULFONIC ACID, LIQUID, \|A6,B4,C,D3 |C,B4,D3 A2,B1C,D3 (A6,B4 A6,B4,B6,C |A6,B4,C,E
A9,B4,C,D3, A2,A6,B4,B5, |A6,A9, B4, B5,
TRIPHENYL PHOSPHINE B5,C A9,B4,C,B6 |A9,B4,C,D3 |B5 A6,B6,C [ [
C,D3,D5,D6, B4,B5,D3, D6,
WATER D7,G D3,D7 D3,D7 D4 D3,D7,E D6,D7 D7,G
A9,B4,C,D3, A6,B1B5,C,
B6, D5, D6, D7, AD,B6,C,A3, |A6,B5,C,D3, |A9,B1B6,C, |B4,D3,D6,D7,|D3,D6,D7,B5,
Line Kleen c G,A6 B1C,D3,G,D7|B1C,D3,G,D7|A6,D4 D7,E D6,D7 G E
A5,A6,B1,C,
Siltherm XLT D1A9,B4,D3 A6,B5,C,D1
AD,A3,A6,C, A9,B6,C,B1 |B5,D3,D6,D7, |C,D3,D6,G,
Compound 987654321 D4 B5 E B6,B5,D7,E
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5.3.9.3 Chemical reactivity evaluation Report

5.3.9.3.1 Team tab

Chemical Reacivity repots for: Process 1
Evaluation Date: 0182011

Tuesday, Aogust 23, 2011 10239 A

hiember Hame Crepartment Name
helark LM
ahin Froces=ing

1of1
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5.3.9.3.2 Chemicals tab

Chemical Reac ity repoits for: Process 1
Evaluation Date: 0140872011

Tuesday. August 23, 2011 10241 A

LB [dentifica B Chemical Feactivity
kian Chemical Name C.A5 Number DOT Labels Farmulz &
[T | CETOPHENONE iz o2 hﬁid':'a"”mab'e coHso |19
0 Corrosive
M0, EROMINE 726956 ke 1 Peisan T2 k4, 55
MO, DICHLOROMETHANE 75092 k.1 Puison CHzolz 17
M0, FHEMACYL EROMIDE To-11-1 k.1 Fuison ZchrHscuw 17,13
MO, SOCIUR AZIDE PEE2E-22-8 k.1 Puison 3Nz
MO&2  TETRAHYDROFURAN 109539 T
M0, TRIFHEMYL FHOSPHINE K3-35-0 k.1 Fuison C13HISE  [iS
oee TOLUENE SULFONIC ACID, LIGUID, T T5AE523 108 .0 Cormosive CTAEORS] |,
ITH MORE THAN 5% FREE SULFURL. k3 lecidic Hz 045

50l 4TER 7732-15-5 N‘;‘;‘::i:fa'dc'”s Hz0 100

. A Corrosive
SOL Line Kleen laccidic 1,38, 100
oL Siltherrn XLT o At be
SOL Compound 987654321 E.1 Poizon k.33

1ofi
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5.3.9.3.3 Binary Matrix tab

Chemical Reactivity Reports for: Process 1 812352011 10:42:33 AM
Ewaluation Date: (182011

2] EROKINE mixed with

11 ACETOPHENONE

- hday form explosive perogides.

- Reaction proceads with explosive wviolence andfor forms explosive products.
- Heat generated from chemical reaction may initiate explosion.

- Spontanecus ignition of reactants or products dus ta reaction heat.

- Exothermic reaction . kday generate heat andior cause pressurization.

- Combination liberates gaseous products, at least one of which is toxric. May cause
pressurization.

- Generates water soluble todic products.

- Reaction may be intense or wiolent.

Passible Gases: Halocarbons

Citations:

Aaatone will produce todic haloforms if oxidized by metal hypohalites such a5 HaClO [Howard, W, L.
2001, Acetone. In Kirk-0thmer Encpclopedia of Chemical Technalogy. John ‘Wiley & Sons, Inc. ).
Wsetone reacts exdplosively with difluorine dioxide, even at -78 C [Streng, & G. 1963, Chemical
Rewiews 613, ). Wazetone ignites or edplodes on contact with nitrosyl perchlorate [Hoffman, K. &,
atal. 1909, Ber. 42:2031.]. WCr03 and ketones, including acetone and methel ethel ketone, ignite
oncontact [Favcett, H. H. 1933, Industrial and Engineering Chemistry Research 51 (4902,
tdikzhzilone, W4 1960, Chemical Abstracts 54:22321F; bdellor. 1942 Walume 11, pp. 235, ). Macetone
forms explosive dimeric and trimeric perodides with H202. Mote: One of the perorides that can be
formed iz tricycloacetone perotide [TCAP or TATF). anedplosive that has recently become popular
among terrorists [Anon. 1970 Sgnews. Chem, [Machr. ] 18:3. 1. Whlany ketones, including acetone,
methyl athyl ketone, disthyl ketone, cyclopentanone, and eycloheranone, form explosive perodides
with H2 02 in acidic solution, some of which are shock and friction sensitive (Bjorklund, G.J. et
al. 1930, Trans. Ropal Society of Canada, [Sect. 1] 44:25. ). Wheetonea forms explosive midtures
with hydrogen perostide [bdonger, J. k4. et al. 1961, Journal Chemical and Engineering Data 6(1):23.
1. wzetone forms explosive mistures with odpgen, and may spontanecusly ignite combustible
substances such 3z acetylene (CISCH. 1976, Chemical Safety Summary 47 :33-34. ) Whdethpl athpl
ketone may perodidize when exposed to otygen [MMageli, 0. L., J. B, Koczpnski. 19684, Encyclopedia
of Palpmer Science and Technology 9:221; Milas, M. & 1959, Journal of the American Chemical
Sociaty 81:53824. 1. WH202 will parartidize methyl athyl ketone [Beilstein. 1:688, 1[1):347,

1[2):726, 1[3):2770, 1[4):3243. ). Wacetone is wiolently reactive with oxidants [Lewis, R.J..

Sr. 1992, Saun?s Dangerous Properties of Industrial katerials, Sth Edition. New York: Wan Nostrand
Reinhold. pp. 23, 1 such 3= nitrosyl chloride [(Kaufmann, G. B. 1937, Chemical and Engineering Mews
33(42):60. ), chromium triodide [Delhez, R 1936, Chem. Ind. (London] 931), hpdrogen peroxide
[Seidl, H. 1964, Agnewvs. Chem. (International Edition, England) 3:640; 1964, Agnew. Chem. TB:T16. ),
nitrosyl perchlorate, chromyl chloride, and thiotrithizzwl perchlorate [Lewis 23], Wacetone may
ignite on contact with chromium triozide [Delhez, B, 1956, Chemistry and Industre 331, ], Acetone
rezcts explosively with bromine trifluoride [Sharpe, A, G. et al. 1948, Journal of the Chemical

Society 2136; Lewis, R, J., 5. 1992, Saxs Dangerous Properties of Industrial baterials, Sth

Edition, Mews York: Wan Mostrand Reinhold, pp. 23, . or wiolently with sulfur dichloride [Fawcett,
F. 5. etal. 1963, Inorganic Synthesis 7:121; Lewis 23). WReactions between bromine and acetone
can be wiolent if bromine is in significant edcess (Lewene, P.A 1943, Organic Synthesis 2:89.).
Widoatone may form water-soluble and tosic chloracetones with chlorinating agents [Sifniades, 5.,
A B, Lewy, 2002, Azetone. In Ulimann®s Encyclopedia of Industrial Chemistog, YWilep-wCH YWerlag GmbH
& Co. KGaA ). WReaction of acatona with [FT is highly exothermic [(Booth, H. 5. et al. 1947,
Chemical Reviews 41428 ],

3] DICHLOROMETHANE mixed with
1] ACETOPHENONE

Pozszible Gazes:

Citations:

3] DICHLOROMETHAME mited with

Z1BROIME

- Risk of erplosion by shock, friction, fire or ather sources of ignition.

- Reaction proceeds with explosive wiolence anddor forms explosive products.

- Spontanecus ignition of reactants of products due to reaction heat.

- Extothermic reaction. bday generate heat anddor cause pressurization.

- Combination liberatas gazeous products, at least one of which is toxic. Map cause
pressurization.

Possible Gases: x2C0M2
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Chemical Reactivity Reports for: Process 1 872372011 10:42:33 AM
Evaluation Date: 01082011

Citations:

Chloroform produces wery toric phosgens and CI2 gasses if oxidized by strong oxidants (Holbrook,
kA, T. 2003, Chloroform. In Kirk-COthmer Encyclopedia of Chemical Technology . John Yyiley & Sons, Inc.
1. WCCl4 can explode on contact with calzium hypochlorite [Mational Fire Protection &ssociation.
1975, Publication 431 k4. pp. 84, ). WFluorine reacts explosively with halocarbons, including carbon
tetrachloride and chloroform [Mellor. 1956 Wolume 2, Supplemental 1. pp. 198, ], WCCldforms
explosive miktures with CIF3 at lows temperatures [bdellor. 1956 %Wolume 2, Supplemental 1. pp. 156,
1. wDichloromethane can form an explosive midture with N205 [Dubar, J. et al. 1968, Compt. Rend.
[Series C) 2661114, ). WH2 04 forms shock-zensitive explosions with halacarbans, including
dichloromethane, chioroform, carbon tetrachloride, 1, 2-dichloroethane, trichloroethplene, and
tetrachloroathplena [Turley, B, E. 1962, Chemical and Engineering Mews 42[47]:33. ]. BrF2 ignites
or explodas on contact With most organic compounds, including halogenated organics (kellor. 194 .
Waolume 2, pp. 113 kellor, 1956, Yolume 2, Supplemental 1. pp. 164167 ). WFluorine reacts
explosively with halocarbons, including carbon tetrachloride and chloraform [Mellor. 1956, Walume
2, Supplemental 1. pp. 198, ). WWC Cld forms explosive miktures with CIF? at low temperatures
[kdellor. 1956 . “Yolume 2, Supplemental 1. pp. 136. ).

4] FHENACYL BR OkIDE mized with
1] ACETOFPHENONE

Possible Gases:

Citations:

4] PHEMACYL BROkIDE mizad with

Z] BROMINE

- Rizk of explosion by shock, friction, fire or other sources of ignition .

- bday form explosive peroxides.

- Reaction procesds with explosive wialence anddor farms enplosive products.
-Heat generated from chemical reaction may initizte explosion.

- Spontanecus ignition of reactants or products dus to reaction heat.

- Exothermic reaction. hday generate heat andfor cause pressurization.

- Combinztion liberates gaseous products, at least one of which is toxkic. kMay cause
prassurization.

- Generates water soluble todic products.

- Reaction may be intense or wialant.

Fossible Gases: 2 C0O[2 Halocarbons

Citations:

Chlaraform produces wery todic phosgens and CI2 gazzesif oxidized by strong oxidants [Holbroak,
kA, T. 2003, Chlorofarm. In Kirk-Othmer Encyclopedia of Chemical Technology . John Yyiley & Sons, Inc.
1. WCCl4 can explode on contact with calcium hypochlorite [Mational Fire Protection Association.

1975, Publication 431 kA, pp. &4, ). WFluorine reacts explosively with halocarbons, including carbon
tetrachloride and chloroform [kdelor, 1956, Wolume 2, Supplemental 1. pp. 198 ). MCCl4 farms
explosive miktures with CIF32 at lows temperatures [bdellor. 1956 %Wolume 2, Supplemental 1. pp. 156,
1. wDichlaramethane can form an exdplosive midture with N205 [Dubar, J.et 3l 1968 Compt. Rend.
[Series C) 266:1114. 1. WN2 04 forms shock-sensitive explosions with halocarbons, including
dichloromethane, chloroform, carbon tetrachloride, 1, 2-dichloraethane, trichloroethylene, and
tetrachloroathyplene [Turley, B, E. 1962, Chemical and Engineering Mews 42 [47]:33. ). BrF3 ignites
or erplodas on contact With most organic compounds, including halogenated organics [kellor. 1941 .
“wialume 2. pp. 113; bellor. 1956 Walume 2, Supplemental 1. pp. 1644167 ). WFluorine reacts
explosively with halocarbons, including carbon tetrachloride and chloraform (Mellor. 1936 Walume
2, Supplemental 1. pp. 198, ). WWC Cld forms explosive miktures with CIF? at low temperatures
[kdellor, 1956, WYolume 2, Supplemental 1. pp. 136, ). Acetone will produce toxic haloformes if
oridized by metzl hypohalites such as NaCl0 [Howard, W, L2007, &cetone. In Kirk-0thmer
Encyilopedia of Chemical Technology. John Wiley & Sons, Ine. ). WAcetone reacts explosivaly with
difluorine dioxide, even at -78 C [Streng, &. G. 1963, Chemical Rewiews §13.]. Waeetone ignites
or exdplodes on contact with nitrosyl perchlorate [Hoffman, K. & etal, 1303, Ber. $2:2031. .

WCr03 and ketones, including acetone and methyl ethyl ketone, ignite on contact [Faweett, H. H.

1954, Industrial and Engineering Chemistry Research 31[4):904; Mikhailow, . 1980, Chemical
Ahstracts 54:23331F; hdellor. 1343 Walume 11 pp. 235, . Wasetone forms explosive dimeric and
trimeric peroides with H202. Note: One of the perodides that can be farmed is tricpcloacetone
perodide [TCAFor TATF). an explosive that has recently become popular among terrorists [Anon.
1970, Agnewy. Chem. [Nachr. ] 18:3. ). WWhdany ketones, including acetane, methyl ethyl ketone,
diathyl ketone, cyclopantanone, and cpclohesanone, form explogive perosides with H202 in acidic
zolution, some of which are shock and friction sensitive [Bjorklund, G.J. et 2l. 1930, Trans.

Royal Sociaty of Canada, (Sect. 1) 44:23. ). Waeetone forms edplosive mistures with hpdrogen
peroxide [konger, J. kA et al. 1361, Journal Chemical and Engineering Data §(1):23. . Wacetone
forms explosive miktures with oipgen, and may spontaneously ignite combustible substances such as
acetplane (CI1SCH. 1976, Chemical Safety Summany 47:33-34. . hdethyl ethypl ketone mayp peroridize
wihen exdposed to odypgen [Mageli, 0. L., J. R, Kocapnski. 1964, Encyclopedia of Polymer Science and
Technology 9:831; Milas, M. A 1959, Journal of the American Chemical Society 313824, 1. MH202
will perosidize methyl ethyl ketone [Beilstein. 1:658, 1(1):347, 1[2):726, 1[3:2770, 1[4):3243. ).
Whcatons is wiolantly reactive with odidants (Lewis, B.JL, S, 1992, Sau?s Dangerous Properties

of Industrial bdaterials, #th Edition. Mew York: YWan Nostrand Reinhold. pp. 23 ] such 3= nitrosyl
|
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Chemical Reactivity Reports for: Process 1 852372011 10:42:34 AM
Ewaluation Date: 0182011

4] PHENACYL BRORMIDE mized with
2 DICHLOROMETHAME

Possible Gases:

Citations:

5] 500IUM AF1DE mixed with

1) ACETOPHEMONME

- Bxothermic reaction. kay generate heat andfor cause pressurization.

- Combination liberates nonflammable, nontoxic gas. kMay cause pressurization.

Fozsible Gases: MZ|C02

Citations:

3] S00IUR AZIDE miked with

2] EROMINE

- Reaction proceads with explosive wiolence anddor forms explosive products.

- Heat generated from chemical reaction may initiate explosion.

- Exathermic reaction. kday generate heat andfor cause pressurization.

- Combination liberates gaseous products, st least one of which is todic. kap cause
pressurization.

- Reaction may be intense or wiolent.

Fozsible Gases: M2 INO=HX

Citations:

Mz M3 reacts explosivaly with chromyl chloride (hdellar. 1967 %Waolume 8, Supplemental 2. 2. pp. 36.
1. WMz N3 reacts wialently with chromium hypochlorite [Lewis, R. ., 5. 1992, Sa0Ys Dangerous
Froperties of Industrial biaterials, Sth Edition. Mew York: WYan Nostrand Reinhold. pp. 3064 7.
wReaction of MaM3 and chrompl chloride may be esplosive if not diluted [kdellor, 1967, Supplamental
2.2[3):36. ). MaM3 forms explosive solid BrM3 with bromine wapor [bdellor. 1940, Wolume 8. pp. 336,
1.

3] 500Uk AZIDE mixed with

3] DICHLOROMETHAME

- Rezction proceads with explosive violence andfor forms explosive products.

- Combinztion liberates gaseous products, including bath flammable and todic gases. kap cause
prassurization.

- Exothermic reaction. kday generate heat and/for cause pressurization.

Possibla Gases: HHN3

Citations:

hdetal azides may form explosive organic azides if stored for long periods of time in halogenated
zolwvents [Bretherick, L. 1986, Chemical and Engineering Mews B4[531]:2. ]; explosions may also occur
inreactions using Ma N3 with methylene chloride/dimethyl sulforide solvent mistures. Itis not
recommended to run reactions with inorganic azides in halogenated organic solvents [Peet, M. P at
al. 1933, Chemical and Engineering Mews 71316 Hurby, . J. et al. 1933, Chemical and Engineering
Mewss T1[41):2. ). Bretherick attributes the explosion in the previous articles to HN3 gas (Urben,

P. G. 1335, Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Owxford:
Butterworth-Heinemann. pp. 1700, 1. Whichloromethane can form edplosive diazomethane with
quaternary ammonium 32ides [Hassner, A et al. 1986, Agnew. Chem. [Intarnational Edition, )
25479480, ].

3] 500 IUk AZIDE mixed with

4] PHEMACYL BROMIDE

- Rezction proceads with explosive violence andfor forms explosive products.

- Combination liberates gaseous products, including both flammable and toxic gases. hap cause
prassurization.

- Bxothermic reaction. kay generate heat andfor cause pressurization.

- Combination liberates nonflammable, nontosic gas. kay cause pressurization.

Possibla Gases: HNENZ|CO2

Citations:
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hdetal azides may form explosive organic azides if stored for long periods of time in halogenatad
zalvents [Bretherick, L. 1386, Chemical and Engineering Mewes B431):2. ); explosions may also occur
in reactions using MaM3 with methylens chloridefdimethyl sulfomide solvent midtures. Itis not
recommended to ran reactions with inorganic azides in halogenated organic solvents [Peet, M. P. et
al. 1933, Chemical and Engineering Mews T1316; Hurby, . J. et al. 1933, Chemical and Engineering
Mewsz T1[#1]:2. ). Bretherick attributes the explozionin the previous articles to HN3 gas (Urben,

P. G.1995. Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Dsford:
Butterworth-Heinemann. pp. 1700, ). whichloromethane can form esplosive dizzomethane with
quaternary ammonium azides [Hassner, &, etal, 1986, Sgnew . Chem. [International Edition. )
25473420,

E) TETRAHYDROFURAM minad with
1] ACETOPHEMOME

Poszible Gases:

Citations:

& TETRAHYDROFURAH mised with

Z) BEROKINE

- Rizk of erplosion by shock, friction, fire or ather sources of ignition .

- Reaction proceeds with explosive wiolence andfor forms explosive products.

- Explosive when mised with combustible material.

- Spontaneous ignition of reactants or products due to reaction heat.

- Extothermic reaction. kay generate heat andfor cause pressurization.

- Combination iberates gaseous products, at least one of which is toxic. kay cause
praszurization.

- Reaction may be intense or wiolent.

Possible Gases: 202 |HX

Citations:

Diethyl ether evalves 3 gas with nitrosyl perchlorate, then esplodes (Hoffman, K. A etal. 1303,
Ber. 42:2031. ]. \Whiethyl ether explodes on contact with fluorine nitrate [Braver. 1963, pp. 189
1. sodium peroxide feon Schesartz, 1918, pp. 328, 1, or trithioazyl perchlorate (Goehring. 1937 pp.
T4. ], and mixtures of diethyl ether and 1207 can edplosively decompose [kishra, H. C. et al. 1962,
Journal of the Chemical Society pp. 1195-1196. ). WCr03 and ethers, including diethyl ether,
methyldioxane, and dimethyldiodane, ignite on contact. [Faweett, H. H. 1939, Industrial and
Engineering Chemistry Researchal (4902, Mikhailow, W, 1960, Chemical Abstracts S4:23321F; kellar.
1843, Volume 11, pp. 235, ] hiethpl ether alsoignites on contact with with chromyl chloride
[bdellor, 1943, Walume 11. pp. 398, ), or with chlorine if light is present [Urben, P. G. 1395,
Bratherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Oxford: Buttenworth-Heinemann. pp.
12498, ). \WDiethyl ether forms animpact and friction-senzitive misture with liquid zir [Danckeort,

P 1927, Angews Chem. 90:1217. ] or silver perchlorate [Heim, F. 1957, Sgnew Chem. B9:274. ],
farms an explosive salt with uramgl nitrate [kuller, & 1916, Chem. Ztg. 40:38; kuller, &, 1917,
Chem. Ztg. 41:433), and forms explosive peroxides with H20Z (Bruhl, b, 1835, Ber. 28:2856-2857.
1. WTHF forms edplosive products with KO2 [Lewsis, R J. . Sr. 1932 Saxvs Dangerous Froperties of
Industrial kdzterials, Sth Edition. Mew ‘ork: Wan Mostrand Reinhold. pp, 3227, 1. WTetrahydrofuran
[rezction may be light-promated] (Urben, P, G. 1335, Bretherick?s Handbook of Reactive Chemical
Hazards, Sth Edition. Oxford: Butterworth-Heinemann. pp. 114, ] and diethyl ether react wiolently
with bromine [Urben 110);if the bromine is impure, diethyl ether may ignite [Univeristy Safety
Azzociation. 1989, Safety Digest 34:14. ). WiDiathyl ether reacts wvigorously with Crod, Ca(0Cl)2,

or CINOZ [Lewis, R.J., Sr. 1992, San?s Dangerous Properties of Industrial kdaterials, Sth Edition.
Mews Mork: “an Mostrand Reinhald. pp. 1614, ); and diosane reacts wiolently with silver perchlorate
[Lewiz 1449). Diethyl ether enplodes orignites on contact with BrF3 [Sharpe, A G. et al. 1948,
Journal of the Chemical Saociety 2136, ), BrFS [kellor. 1936, YWalume 2, Supplemental 1.pp. 172.].
or CIF3 [Lewis, R.J., %r. 1992, Sants Dangerous Properties of Industrial kdaterials, Sth Edition.
Mewy York: Wan Mostrand Reinhald, pp. 1614, ) WTetrahypdrofuran [reaction may be light-promated)
[Urben, P. G. 1993, Bretherick?s Handbook: of Reactive Chemical Hazards, Sth Edition. Owsford:
Butterworth-Heinemann. pp. 114 ] and diethyl ether rezct violently with bromine [Urben 110); i

the bromine is impure, diethyl ether may ignite [University Safety Sssociation. 1989, Safety Digest
314, ) nDiethyl ather ignites on contact with IFT [Booth, H. 5. et al. 1947 . Chemical Rewviews
41:428 ), ar with chlarine if light is present [Urben, P. G. 1955, Bretherick?s Handbook of

Fezctive Chemical Hazards, Sth Edition. Oxford: Buttersarth-Heinemann, pp. 1298 ).

& ] TETRAHYDROFUR&M miked with

3) DICHLOROMETHANE

- Combination liberates gaseous products, at least one of which is toxic. kap cause
pressurization.
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Possible Gases: HX

Citations:

E ] TETRAHYDROFURAN mixed with

4] PHEMALCYL BEROMIDE

- Combination liberates gaseous products, at least one of which is todic. bap cause
pressurization.

Poszible Gazes: HX

Citations:

E ) TETRAHYDROFURAH mixed with

3] 50D01UM AZIDE

- Reaction procesds with explosive violence andfor farms explosive products.
- Exothermic reaction. kday generate heat anddor cause pressurization.

Possible Gases:

Citations:

Diethyl ether and boron triazide will detonate at =35 C due to heat of solution Wiberg, E. et al.
1954, Z. Maturforzch 9[B]:498 . ); diethyl ather alzo reacts wigorously with bromoazide [Lewiz, R.
J.. %1992, Saw?s Dangerous Properties of Industrial kdaterials, Sth Edition. Hew York: Wan
Mostrand Reinhold. pp. 1614.].

TITOLUENE SULFONIC ACID, LIGUID, ¥ITH MORE THAN 53 FREE SULFURIC ACID mixed with
1] ACETOFHENOME

- Reaction procesds with explosive violence andfor forms explosive products.

- Spontanecus ignition of reactants or products due to reaction heat.

- Extothermic reaction. kap generate heat andfor cause pressurization.

- Combination liberates gaseous products, at least one of which is toxic. kay cause

prassurization.

Possible Gases: WO [S0:O2|C02

Citations:

Azetone may ignite on contact with HNOZ [University Safety Association. 1929, Safaty Digest 34:14.
1. Wzetone reacts violently with HMOZ2 and HCI04 [Lewis, R. 0., Sr. 1992, San?s Dangerous
Properties of Industrial katerials, Sth Edition. Mew York: Wan Mostrand Reinhold. pp. 23), and
reacts explosively with HNO2/HZ 5 04 midtures [Fawcett, H. H. 1959, Industrizl Enginesring and
Chermistry 51 [@]:89.4; Lewis 23], Waoetone may explode when mized with monoperorosulfuric acid
[Baprer, A 1900, Ber. 23:852]. WCpclohetanone reacts vialently with HHOZ, potentially ewvalving
tonic NOx gasses (Wilson, B0 et al. 1979, Loss Prevention 12:27-23; Dye, W, T. 1939, Chemical
and Engineering Mews 37:48 ) Wikdethyl athpl ketone has undefined incompatibilities with
chlorosulfonic acid and fuming sulfuric acid [Lewis, R.J., Sr. 1932, Sau?s Dangerous Froperties

of Industrial kdaterials, Sth Edition. Mew York: wan Nostrand Reinhold. pp. 2319 ] GHNOZ may
catalyze perodidization of ketones by H202 [Lewis, R.J.. Sr. 1992, Sax%s Dangerous Properties of
Industrial hdaterials, Sth Edition. Mews York: “WYan Mostrand Reinhald. pp. 331, 2319,

TITOLUEME SULFOMIC ACID, LIGUID, ¥WITH MORE THAM 5% FREE SULFURIC ACID mired with
Z) EROINE

- Reaction proceeds with explosive violence andfor forms explosive products.

- Explosive when miged with combustible material.

- Heat generated from chemical reaction may initiate explosion.

- Spontaneous ignition of reactants or products due to reaction heat.

- Combination liberates gasecus products, including both flammable and tosic gases. kay cause
pressurization.

- Exothermic reaction. kday generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is toxic. bap cause
pressurization.

Fossible Gazes: FCIO4POZ (2 (HX02 HCI 04 HX 2 02

Citations:

The reaction of fluarine and perchloric acid produces esplosive fluorine perchlorate gas

[Robrbock, G. H. etal. 1947 Journzl of the American Chemical Society B3ETT-ETE. ). Mhdetal
chlorates react wialzntly with H2 504 and other onidizing acids, evolving explosive and tomic G102

gas (Mallor. 1941, Yolume 2. pp. 315; Stossel, E.etal. 1944, UL 5. Patent 22332268, ). WMitric

acid forms explosive mistures with ammonium nitrate, particularly if fuels are present [Biasutti.

1981, pp. 133). MWhdikture of sodium dichromate and H2 504 can react wviolently with organic residuas
and fuels [Bradshaw, J. R, 1970, Frocess Biochemistrp 511):19). WHE 5 04 reacts with erothermically
with permanganates to produce highly oxidizing permanganic acid [Urben, P. G. 1935, Bretherick?s
Handbook of Reactive Chemiczl Hazards, Sth Edition. Ouford: Buttenworth-Heinemann. pp. 1453, ],
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7)) TOLUEME SULFOMIC ACID, LIGUID, WWITH MORE THAN 5% FREE SULFURIC ACID mixed with
3 DICHLOROMETHAME

- Risk of enplosion by shock, friction, fire or other sources of ignition.

- kday become highly flammable or may initiate afire, especially if other combustible materials

are present.

- Exothermic reaction. by generate heat andfor cause pressurization.

- Combination liberates gaseous products, at least one of which is todic. bay cause

prassurization.

Passible Gases: W2 [COZ[2COICOHX

Citations:

Chloraform oxridizes to phosgene, HCI, CI2, CO2, and H20 [Holbrook, k4. T. 2002, Chlorafarm. In
Eirk-Othmer Encyelopedia of Chemical Technology. John Wilep & Sons, Inz. ). WDichloromethane forms
heat-, impact-, or friction-sensitive esplosive mistures with HHOZ [Kurbangalina, B, K. 1953, Zh.

Frikl. khim. 32:1467. ). "Chlorobenzene can react explosively with HNOZ at somewhat elewatad
temperatures &, g., B0 C) [Snon. 1974, Jahresber. 36, ).

T TOLUEME SULFONIC ACID, LIGQUID, "ITH MORE THAN 53 FREE SULFURIC ACID mixed with
4] FHENACYL EROMIDE

- Risk of explosion by shock, friction, fire or other sources of ignition.

- Reaction proceeds with explosive violenee andfor forms explosive products .

- bday become highly flammable or may initiate a fire, especially if other combustible materials

are present.

- Spontanecus ignition of reactants or products dus to reaction heat .

- Extathermic reaction. by generate heat andfor cause pressurization.

- Combination liberates gaseous products, at least one of which is toric. dMayp cause

pressurization.

Pozzible Gases: M2|CO20ECOCOHIMORS0XOZIC02

Citations:

Chlaroform oridizes to phosgene, HCI, CI2, C02, and H20 [Holbrook, k4. T. 2003, Chloraform. In
Kirk-0thmer Encyclopedia of Chemical Technology. John Yiley & Sons, Inc. |. Whichloromethane forms
heat-, impact-, or friction-sensitive explosive mistures with HNO3Z [Korbangalina, R K. 1958, £h.

Frikl. khim. 32:1467 . ). wChlorobenzene can react explosively with HNO3Z at somewhat elevated
temperatures 2. q. , 60 C) [Snon. 1974, Jahresber. 36 ). Acetone may ignite on contact with HNOS

[University Safety Association. 1989, Safety Digest 34:14. ). Wicetone reacts wialently with HNOZ
and HCIO4 [Lewi=, R.J., Sr. 1832, Saxv= Dangerous Properties of Industrial kiaterials, Sth
Edition . News ark: “Yan Mostrand Reinhaold. pp. 23], and reacts explosivealy with HNOZ/H2 504 midtures
[Fawzatt, H. H. 1939, Industrial Engineering and Chemistroy 514295, Lewiz 23], Wheatons may
axplode when mited with monoperodosulfuric acid [Bager, A, 1900, Ber. 33:858]. WCycloheranons
reacts wiolently with HNOZ, potentizlly evalving todic HOx gasses Milzon, B. . et al. 1979, Loss
Frevention 12: 27-29; Dpe, W, T. 1959, Chemical and Enginaaring Mews 3748, . Mhdathypl ethyl
ketone has undefined incompatibilities with chlorosulfonic 2cid and fuming sulfuric acid [Lewis, B.

J.. 81992, Sants Dangerous Properties of Industrial katerials, Sth Edition. Hew York: WYan

Mostrand Reinhold. pp. 2319, ). WHH O3 may catalpze peroxidization of ketones by H202 [Lewis, B, J.

L 5. 1992 Sants Dangerous Properties of Industrial bdaterials, Sth Edition. Mews York: Wan Mostrand

Reinhold. pp. 331, 2319, ).

TITOLUEME SULFONIC ACID, LIGQUID, "ITH MORE THAN 53 FREE SULFURIC ACID mixed with
31 50D1UM AZITE

- Reaction proceeds with explosive violenoe andfor farms explosive products .

- Spontanecus ignition of reactants or products dus to reaction heat .

- Combination liberates gaseous products, including both flammable and todic gases. bap cause
prassurization.

- Extothermic reaction, bizy generate heat andfor causze pressurization.

Pozzible Gases: HNIMOX|NZ NH2

Citations:

MNaM3 reacts wialently with H2504 or HHO3 [Lewis, R.J., Sr. 1992, San?s Dangerous Properties of
Industrial hdaterials, Sth Edition. Mews York: %an Mostrand Reinhold. pp. 3064, ], and the reaction

evaolves todic and flammable HH3 at ambient temperature [Ross, FoF. 1964, Yater and YWaste Treatment
9:528. ). MWMNa N3 will also react with a misture of HNOZ and NaM 02, evolving tosic H20 and inert N2
gasses [Jobelius, H. . H. Hans-Dieter Scharff, 2002 . Hpdroazoic Acid and Azides. In Ulimann?s
Encyclopedia of Industrial Chemistry, ‘Wilew-\wCH “erlag GmbH & Co. Kgas; Urben, P. G. 1935,
Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition . Wolume 2. Ouford:
Butterworth-Heinemann. pp. 195.).
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TITOLUEME SULFOMIC ACID, LIGUID, WITH MORE THAM 5% FREE SULFURIC ACID mided with
E) TETRA&HYDROFURAH

- Reaction proceeds with explosive wiolence andfor forms explosive products.

- Spontanecus ignition of reactants or products due bo reaction heat.

- Exathermic reaction. kday generate heat anddor cause pressurization.

- Generates water soluble toxic products.

Pozzible Gases:

Citations:

Diethipl ether explodes on contact with parmanganic acid fvon Schwartz, 1918, pp. 227).
perododizulfuric acid [D78ns, J. et al. 1919, Bar, 43:1820; 1911, 2. Anarg. Chem. pp. 73,
HMOZSH2 504 mirture [wan Alphen, J. 1930 Rec. Traw. Chim. pp. 432-500. ], and may react explosively
with parchloric acid [Michael, 2. T. et al. 1900, American Chemical Journal 22444, ], WReaction
af diethyl ether and HM O3 may accelerate to explosion (Kirk-0Othmer. 1965 Wolume 3. pp. 479,
WCombination of nitric and perchloric acids in hot dicdane may form explosive disthylene glecal
nitrate [hCA Guide. 1972, pp. 312-313). Wlioxans and 503 form an unstable comples that may
decompose wiolently at room temperature [Sisler, H. H. et al. 1347 Inorganic Synthetics 2:174. ).
Wllzing perchloric acid in ether as a solvent for Diels-alder reactions may cause explosions
[Urben, P. G. 1931, Chemtech (kap]:239. 1. WWhimethyl ether forms water-soluble and toxic dimethyl
=ulfouide with 503 [kuller, k4., U, Hubsch. 2002, Dimethyl Ether. In Ullmann?s Encpclopedia of
Indusztrial Chemistry. YWiley-+'CH %erlag GmbH % Co. KGaA. ).

#] TRIPHENYL PHO$PHIME mited with

1] ACETOPHENOMNE

- Combination iberates gaseous products, at least one of which is flammable. kay cause
praszurization.

- Extothermic reaction. kay generate heat andfor cause pressurization.

Poszible Gases: H2

Citations:

Reactions of many organic compounds and herides ncluding ketones and MaH) ewvalve flammable H2
gas [Eggeman, T. 2001, Hydrides. In Kirk-0thmer Encyclopedia of Chemical Technology . John tWiley &
Sons, Inc. ; Rittmeyer, P., U %Wietelmann, 2002, Hedrides. In Ullmann®s Encyclopedia of the

Chemical Industry . ‘Wiley-wCH “erlag GmbH & Co. KGad. |. Wisetone, acetophenone, cyclohedanons, and
methyl athyl ketone are considered incompatible with strong reductant= (Lenga, R E. . ed. 1988,

Sigma Aldrich Library of Chemical Safety Data, 2nd Edition. Sigma Aldrich. pp. 20, 24, 603, 963, ).

2] TRIFHENYL PHOSPHINE mined with

2] EROMINE

- Heat generated from chemical raaction may initiate explasion.

- Spontaneous ignition of reactants or products due to reaction heat.

- Combination liberates gasecus products, including bath flammable and toxic gases. bay cause
pressurization.

- Extathermic reaction. kday generate heat anddor cause pressurization.

Fozzible Gases: HX]Hydrocarbons

Citations:

KCI04 forms perotechnic mistures with TiH4 (Massis. T. k. et al. 1976, Rept. SAND-T3-3383,
Richmond 3. ], USHITS. ). WCaH2 forms friction-sensitive explosives with bromates, chlorates, and
perchlorates [kellor. 1946, Volume 3. pp. 851, ). WWReaction of MaH and CI2 or F2 at ambient
temperature is incandescent (kellor, 1940, Wolume 2. pp. 433, . Reaction of MaH and CI2 or F2 at
ambiant temperature iz incandescent (kellor, 1940, Yolume 2. pp. 483, ].

2] TRIFHENYL PHOSPHINE mined with

3] DICHLOROMETHANE

- Heat generated from chemical reaction may initiate explasion.

- Spontanacus ignition of reactants or products due to reaction heat.

- Extathermic reaction. kay generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is todic. kap cause
pressurization.

Possible Gases: HX

Citations:

MaH causes wviolent exothermic polymerization of ethyl 2, 2, 34rifluoropropionate, possiblye with
production of toxic HF gas [Urben, P. G. 1935, Bretherick?s Handbook of Reactive Chemical Hazards,
Sth Edition. Oxford: Butterwarth-Heinemann, pp. 1501, ). WFuorinated carborplic acids and amides
can react wiolently, potentizlly with ignition or gas ewolution, with lithium aluminum hedride
[Karo, Wy, 13955, Chemical and Engineering Mews 23:1288. ], WReaction of lithium aluminum hydride
and 3, S-dibromocyclopentene is potentially explozive, ewenat 0 C, after an approximately one hour
induction period [Johnson, C. B, et al. 1964, Tatrahedron Letters 43:3327 ). Wibkdisture of CCl4and
triethylzluminum, &1C12 explodes at ambient temp [Reineckel, H. 1964, Agnew. Chem. [International
Edition] 2:65. ). "WC CI4 can also react explosivaly with boranes [Hermanek, S 1976, Chemnical
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2] TRIFHENYL FHOSFPHIMNE mixed with

4] PHEMALCYL BROMIDE

- Heat generated from chemical reaction may initiate explosion.

- Spontaneous ignition of reactants or products due to reaction heat .

- Combination liberates gaseous products, at least ane of which is flammable. kday cause
pressurization.

- Exothermic reaction. hday generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is toic. May cause
pressurization.

Possible Gases: HXH2

Citations:

MNaH causzes wviolent exothermic polymerization of ethyl 2, 2, 34riflusropropionate, possibly with
production of toiic HF gas (Urben, P. G. 1933, Brethericks Handbook of Reactive Chemical Hazards,
Sth Edition. Qwuford: Butterworth-Heinemann. pp. 1301 ). WFRluorinated carbodylic acids and amides
can react wiolently, patentially with ignition or ga= ewvalution, with lithium aluminum bedride
[Karo, Y. 1955, Chemicaland Engineering Mews 33:1368. ], WReaction of lithium aluminum hydride
and 2, S-dibromocyclopentene is potentially enplosive, ewenat 0 C, after an approdimately one hour
induction period [Johnzon, C. R et 3l 1964, Tetrahedron Letters 45:3327. ). UWhdizture of CCI4and
triethylaluminum, &1C13 explodes at ambient temp [Reineckel, H. 1964, Agnew . Chem. (International
Edition) 3:65. . WCCl4 can alzo react explosively with boranes [Hermanek, 5. 1976, Chemical
Abhstracts 34:38384. | WDiborane reacts wiolently with halocarbons (Hazardous Chemical Data. 1973,
pp. 114, ]. Reactions of many arganic compounds and hyrides [including ketones and HaH) evalwve
flammable H2 gas [Eggeman, T.2001. Hedrides. In Kirk-0thmer Encyclopedia of Chemical Technalogy.
John Wiley & Sons, Inc. ; Rittmewer, P., U Wietelmann, 2002, Hpdrides. In Umann?s Encyclopedia
aof the Chemical Industry . yilep-2CH Werlag GmbH & Co. KGas, ). Waoetone, acetophanone,
cpclohexanone, and methyl ethyl katone are considerad incompatible with strong reductants [Lenga,
F.E. .ed. 1388, Sigma Aldrich Library of Chemical Safety Data, 2nd Edition. Sigma Aldrich. pp.

20, 24, 603, 965.].

8 ) TRIPHEMNYL PHOSPHINE mixed with

5) 500U AZIDE

- Reaction procesds with explosive wiolence andfor forms explosive products.

- Combination liberates gaseous products, including both flammable and toxic gases. bay cause
pressurization.

- Extothermic reaction. bday generate heat anddor cause pressurization.

Poszible Gaszes: NH3|HZ

Citations:
AIH3 form explosive products with tetrazoles [Fetter, M. R et al, 1968, U, 5. Patent 3396170, ).

2 ) TRIPHEMNYL PHOSPHIME mixed with

E) TETRAHYDROFURAMN

- Risk of erplosion by shock, friction, fire or other sources of ignition.

- Reaction procesds with explosive wiolence andfor forms explosive products.

- Spontaneous ignition of reactants or products due to reaction heat .

- Combination liberates gaseous products, at least ane of which is flammable. kday cause
pressurization.

- Exothermic reaction. hday generate heat anddor cause pressurization.

Fossible Gases: HZ Hydrocarbons

Citations:

L2 H4 can react exothermically with perosidized Tetrabpdrofuran, ewolving hydrogen which may be
ignited by heat of reaction (Moffet, R. B. 1954, Chemical and Enginearing Maws 32:4328.].
WiReactions of many arganic compounds and hpdrides including ethers and MaH), evalve flammable H2
gas [Eggeman, T. 2001. Hydrides . In Kirk-0thmer Encpclopedia of Chemical Technology . John ileg &
Sons, Inc. . Mn-butyl lithium reacts with ethers to produce flammable lovs molecular weight
hpdrocarbon gasses and water soluble lithium alkorides [Kamienski, C. Y. et al. 2001, Lithium and
Lithium Compounds. In Eitk-0thmer Encyclopedia of Chemical Technalogy. John Wiley & Sons, Inc. .
WSolutions of borane in THF build up pressure awer time due to the formation of H2 gas from
interaction with MaBH4 stabilizer [Gaines, [ F. et al. 1963 Inorganic Chemistry 2:526. ).

Wibdisture of THF and CaH2 may explode if heated [Halonbrenner, B et al. 1978, Chemical and
Engineearing Mewss 56 (8):3. ). Whistillation of diosane and LiAlH4 may result in explosion and fire
[Urben, P. G. 1935, Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Oxford:
Butteraarth-Heinemann. pp. 47, ). WTHF can also react enplosively with Ma2 H4 f the solution is

not properly stirred [Del Giodia, F. P, etal. 1961, Chemical and Engineering Newes ES[40):57. ).
wiLithium aluminum hydride may ignite on contact with 1, 2-dimethoypethane (MCA Caze Histary No.
1182). wWhimethy| ether reacts wiolently with hpdrides [Lewis, R.J., 51932 Saq7s Dangerous
Froperties of Industrial kdaterials, Sth Edition. Mew York: %Wan Mostrand Reinhold. pp. 2317,
Whioxane forms solids with triethyenyl aluminum that are explosive when dry [Chini, P.oetal. 1962,
Chim. & Ind. [kdilan] 44:1220. ); disthyl ether reacts vigorously with bath trietbengl aluminom
[Houben-epl, 1970, 12(4):1549. ) and trimethyl aluminum [Lewis, B, Do, S 1992, San%s Dangerous
Froperties of Induztrial biaterials, 8th Edition. Mew York: \WYan Mostrand Reinhold. pp. 1614 ],
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2] TRIPHENYL PHOSPHINE mited with

T TOLUENE SULFONIC ACID, LIQUIL, WITH MORE THAN 5% FREE SULFURIC ACID
- Reaction procesds with enplosive wviolence anddor farms enplosive products.

- Heat generated from chemical reaction may initiate explosion.

- Spontaneous ignition of reactants or products due to reaction haat.

- Combination liberates gaseous products, at least one of which is flammable. kay cause
prassurization.

- Exothermic reaction. kay generate heat anddor cause pressurization.
Possible Gaszes: H2

Citations:

Hydrides react spontaneously and irewversibly with proton donors, including inorganic oxidizing

acids, evolving flammable H2 gas [Rittmeyer, P. . L. Yyietelmann 2002, Hydrides. In Ullmann?s
Encyclopedia of the Chemical Industry ., Wiley-CH %erlag GmbH % Co. KGaA. | Whiphenyltin ignites on
contact with HHO3 [Krause, E.etal. 1920, Ber. 53:177. ). WiHaBH4 may ignite on contact with H2 504
[Pa=cal. 1961, Walume &, pp. 337, ). WHH O3 reacts wiolently with diphenylmercury, ewven at low
termperatures [Whitmore. 1921, 43:168 ).

9 1"WATER mixed with
1] ACETOPHENONE

Possible Gases:

Citations:

9 1 WATER mixed with

2] BEROMINE

- Extothermic reaction. kday generate haat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is tosic. kay cause
pressurization.

- Combination liberates combustion-enhancing gas= [&. g. . oxygen). kay cause pressurization.
- Exothermic, generation of todic and corrosive fumes.

- Generation of corrosive liquid.

- Reaction may be intense or wiolent.

Possible Gazes: M2 M O= |02 |Corrosive Fumes [Hx02 [£2 [L02]5 0x

Citations:

91 WATER mixed with
3 DICHLOROMETHANE

- Combination liberates gaseous products, at least one of which is tosic. kay cause
pressurization.

- Generation of cormrosive liquid.
Fossible Gases: HX

Citations:

91 WATER mixed with

4) PHEMACYLEROMIDE

- Combination liberates gaseous products, at least one of which is tosic. kay cause
pressurization.

- Generation of cormrosive liquid.

Fossible Gases: HX

Citations:

3 1 WATER mixed with

5] 500U AZIDE

- Combination liberates nonflammable, nontosic gas. kay cause pressurization.

Fossible Gases: N2
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Citations:

91 WATER mived with

E) TETRAHYDROFURAN

- Combination liberates gaseous products, at least one of which is todic. kap cause
pressurization.

- Generation of corrosive liquid.

- Generatas water soluble toxic products.

Poszible Gases: Hx|Aldehydeas

Citations:

3 1WATER mited with

TITOLUEME SULFOMIC ACID, LIQUID, WITH MORE THAN 5% FREE SULFURIC ACID
- Enathermic, generation of todic and corrosive fumes.

- Generation of corrosive liquid.

Foszible Gases: AcidFumes

Citations:

9 1WATER mined with

8] TRIFHENYL FHOSFHINE

- Spontanecus ignition of reactants or products due to reaction heat .

- Combination liberates gaseous products, st least one of which is flammable. Map cause
pressurization.

- Combination liberates gaseous products, at least one of which is todic. May cause
pressurization.

- Extothermic, generation of tosic and corrosive fumes.

- Generation of corrosive liquid.

- Reaction may be intensea or wiolent.

Poszible Gases: H2 [Hydrocarbons |22 02 [HX|CarrosiveFumes

Citations:

107 Lime Kleen mixed with
1] ACETOPHEMOME
- Exathermic reaction. kay generate heat anddor cause pressurization.

Possible Gases:

Citations:

107 Line Kleen mixed with

2] EROKIME

- Reaction proceads with explosive violence andfor forms explosive products.

- Heat generated from chemical reaction may initiabe explosion.

- Spontanecus ignition of reactants or products due to reaction heat .

- Combination liberates gaseous products, including both flammable and toxic gases. hay cause
pressurization.

- Erathermic reaction. kay generate heat andor cause pressurization.

- Combination liberates gaseous products, at least one of which is todic. kap cause
pressurization.

- Combination liberates combustion-enhancing gas [2. g. , odygen). bay cause pressurization.
- Exathermic, generation of tosic and corrosive fumes.

- Generation of corrosive liquid.

- Reaction may be intense or wialent .

Paossible Gases:
X2 2 OHE2 [Chlorinated Amines IChlorinated Amines P22 [N 002 [Corrosive Fumes [HX02 (2 K02 |5 04

Citations:
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HCl reacts with oxidizing agents [, 9., HZ02, W2 05), including =ir, to produce todic Cl2 gas
[Hisham, k4. ¥ b, , 7% Bommaraju. 2004, Hedrogen Chlaride. In kirk-0thmer Encyclopadia of
Chemical Technology ., John YWiley & Sons, Inc. |. Reaction of HCland KkdnOd evolves todic CI2 gas
[Curry, J. C. 1965, School Science Rewiews 46[160):770. ], and can be explosive, possibly due tothe
farmation of CI20 gas [Ephraim. 1939, pp. 162, ). WWReaction of concentrated hpdrofluoric acid and
anhpdrous Kkdn 04 is exothermic and wiolent [Black, &, k4. et al. 1974, Journal of the Chemical
Society, Dalton Trans. 977, ). WHydrofluoric acid forms poweerful axidizer HgF2 with Hg0; reactions
inwolwing = HF/Hg O mikture and organic materials must be run at low temperature b 2woid a runasay
reaction [Ormston, J. 1344, School Science Rewiews 26(33):32. ). MWReaction of HBr and ozane
accelarates to explosion, even at -1047C [Lewis, B. et al. 1331, Journal of the American Chemical
Society 333565, ). WHF, HCI, HEr, and HI, whether aqueous or anhydrous, ignite on contact with
fluarine. [kdellor, 1940, Wolume 2. pp. 12 ). WHCI reacts wiolently with &g C104in carbon
tetrachloride solution [Lewis, B.J., Sr. 1992, Sau?s Dangerous Properties of Industrial
kdaterials, Sth Edition. Mews “vork: an Mostrand Reinhold. pp. 1892, ). HF, HCIL, HEr, and HI, whether
aquenus of anhpdrous, ignite on contact with fluerine [kdellor. 1940, “alume 2. pp. 12, JBrF3 reacts
erplosively with ammonium halide salts (Sharpe, &, G, 1943, Journal of the Chemical Society 2137,
1. WWReaction between MaCl0 and ammonium salts can form explosive and toric MCI3 gas [@non. 1378,
Loss Prewention Bulletin [022]:116. ). \MWCIFS reacts wiolently or may ignite on contact with iodide
zalts [Urben, P. G. 1995, Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Oxford:
Butterworth-Heinemann. pp. 1237, ). CIF3 forms toxic and highly flammable chlorodifluoroamine gas
an contact with ammonium flueride, even at low temperatures [Gardner, 0 b, &t 3l 1926 Inorganic
Chemistry 2:413. ). MBrF3 reacts explosively with ammonium halide salts [(Sharpe, & G. 1948,
Journal of the Chemical Society 2137, ). WWReaction between MaCl0 and ammonium salts can form
explosive and toric NCI3 gas [Anon. 1978, Loss Prevention Bulletin (022]:116. ). WCIFS reacts
wiolently with or may ignite on contact with iodide salts (Urben, P. G. 1335, Bretherick?s Handbook
of Reactive Chemical Hazards, Sth Edition. Ouford: Butterwarth-Heinemann, pp. 1237,

10 Line Kleen midad with

3 DICHLOROMETHANE

- hday become highly flammable or may initiate 2 fire, especially if other combustible materials
are present.

- Exothermic reaction. hday generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is todic, kdap cause
pressurization.

- Generation of corrasive liquid.

- Reaction may be intense or wialant.

Fozsible Gases: HMHX

Citations:

HCI zan react wiolenthy with FZC=CHZ2 [winylidine diflucride], even st -0 C, causing rapid
decomposition and pressurization, including ewvalution of highly tasic HF gas. The reaction is
catalyzed by AICIE, which iz commonly found a5 an impurity in HCLsolution (Jensen, J. H. 1981,
Chemical and Engineering Mewes 33(14): 3, 33, ). Dichloromethane may react exothermically with A1BrE
[Kramer, G. k4. et al, 1926, Accounts of Chemical Research 1903):78-84. ).

10 Line Klean mixed with

4] PHEMACYL EROMIDE

- hday become highly flammable or may initiate a fire, especially if other combustible materials
are present.

- Exothermic reaction. hday generate heat andsfor cause pressurization.

- Combination liberates gaseous products, at least one of which is toxic. kay cause
pressurization.

- Generation of corrosive liquid.

- Reaction may be intense or wialant.

Fozsible Gases: HxHX

Citations:

HCI zan react wiolently with F2C=CH2 [winglidine difluoride), ewen at -0 C, causing rapid
decomposition and pressurization, including ewolution of highly tosic HF gas. The reaction is
catalpzed by AICI2, which iz commonly found 32 an impurity in HCL solution [Jensen, J. H. 1981,
Chemical and Engineering Mews 53[14): 3, 53. ]. Dichloromeathane may react edothermically with A1Br:
[kramer, G. k. etal, 19236, Accounts of Chemical Research 13(3):78-84. ).

10 Line Kleen mided with

3] 500IUM AZIDE

- Increased sensitivity to detonation.

- Farms wery unstable explosive metallic compounds.

- Reaction procesds with explosive vislence andfor forms explosive products.
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- Combination liberates gaseous products, including both flammable and toxic gases. bay cause
pressurization.

- Extothermic reaction. bday generate heat anddor cause pressurization.

- Combination liberates nonflammable, nontoxic gas. kap cause pressurization.

Fozsible Gases: HNIIMOH[MHIINZ M2 INZ

Citations:

Combining azides and acids may yield ga=seous HM3, which is toric and flammable [Jobelius, H. . H.
Hans-Dister Scharff, 2002, Hpdroazoic Acid and &Azides. In Ulmann?s Encyclopedia of Industrizl
Chemistry, YWilap-CH'erlag GmbH % Co. KGas; Urben, P. G. 1995, Bretherick?s Handbook of Reactive
Chemical Hazards, Sth Edition. Wolume 2. Ouford: Butterworth-Heinemann. pp. 193, ). Whiazomethans
releases todic MO if mided with acids [Lewis, R D, S, 1992, Sa0vs Dangerous Properties of
Industrial kdaterials, Sth Edition. Mews York: “an Nostrand Reinhald. pp. 1085, ). WOrganic azides
are zensitized by strong acids. [Lewis, R.J., Sr. 1992, Sants Dangerous Froperties of Industrial
kdaterials, Sth Edition. Mews York: Wan Mostrand Reinhald. pp. 312, ). WThe reaction babween HF and
MHphenplazopiperdine is wiclent [Wallach, 0. etal. 1336, &nn. pp. 235, 258; 1998, pp. 243, 219.).
Sodium azide forms explosive salts with metal halides (Lenga, R, E. . ed. 1388, Sigma Aldrich
Library of Chemical Safety Data, 2nd Edition. Sigma &ldrich. pp. 3129, ). including HaCl2
[University Safety Aszociation. 19392, Safety Digest. pp. 44, 22, ). Wron szlts catalpze
axothermic decomposition of azidoacetic acid at ambient temperatures; the reaction may accelerate
to explosion at high temperatures [Boroeski, 5.0, 1978, Chemical and Engineering Mews S4{44):5. ).
Wlcidic solutions of Cu+t will catalyze the decompasition of diazo compounds at ambiznt
temperatures, evalving inert M2 gas [Forstinger, K., H. J. ketz. 2002. Dizza Compounds and Diazo
Reactions. In Ulimann®s Encyclopedia of Industrial Chemistry, Wiley-wCH ‘Werlag GmbH & Co. Kgas. ):
the reaction may accelerate to explosion at 30C [Lewis, R. J., 5r. 1952, San?s Dangerous
Fropertie= of Industrial hdaterialz, 8th Edition. Mew York: Wan Mostrand Reinhold. pp. 321].

Worganic azides are sensitized by metal salts [Lewis, B, Sr. 1992, Sax?s Dangerous Properties
of Industrial hdaterials, Sth Edition. Mew Yark: Wan Mostrand Reinhold, pp. 321, ). WCombination of
kdn+H, stprene, and NaN3 can edplode [Fristad, Y. E. et al. 1985, Journal of Organic Chemistry
303465, ).

107 Line Klean miked with

E] TETRAHYDROFURAM

- Rezaction proceads with explosive wiolence anddar farms erplosive products.

- Combination liberates gaseous products, at least one of which is flammable. kap cause
pressurization.

- Exothermic reaction. kday generate heat andfor cause pressurization.

- Combination liberates gaseous products, at least one of which is tosic. kap cause
pressurization.

- Generation of corrogsive liquid.

- Generatas water soluble toxic products.

Fossible Gases: Hydrocarbons leohols Hxlsdehydes

Citations:

Strong acids cleawe methyl tert-butyl ether [MTEBE]. releasing flammable isobutens gas [Peters, UL
. F. Hierlich, k4. $akuth, and k. Laugier. 2002, kethpl tert-Butyl Ether. In Uimann®s Encyclopedia

of Industrial Chemistry . Wilep-wCH Werlag GmbH & Co. KGaA. ). WEthers can react with strong acids
to form unstable odonium compounds (Karas, LYW ). Fiel, 2003, Ethers. In Krk-Othmer
Encyclopedia of Chemical Technology . John %iley & Sons, Inc. | ATHF reacts wiolently and
anothermically with anhydrous HECI4, TiCl4, or ZrCl4 (kanzer, L. E. 1982, Inorganic Synthetic
21137,

107 Line Kleen midad with

TITOLUENE SULFONIC ACID, LIQUID, ¥ITH MORE THAM 5% FREE SULFURIC ACID
- Heat generated from chemical reaction may initiate explosion.
- kday become highly flammable or may initiate = fire, especially if other combustible materials
are present.

- Combination liberates gaseous products, including both flammable and todic gases. kMay cause
pressurization.
- Erothermic reaction. kday generate heat andfor cause pressurization.
- Exiothermic, generation of toxic and corrosive fumes.
- Generation of corrosive liquid.

Possible Gases: w02 M2 [HXzid Fumes

Citations:

Fhiosphoric acid can dehypdrate perchloric acid with evalution of toricledplosive ClO2 gas, passibly
leading to explosion (Urben, P. G. 1935, Bretherick?s Handbook of Reactive Chemical Hazards, Sth
Edition. Oxford: Butterworth-Heinemann. pp. 1230, 1. WHCIreacts with oxidizing acids such as HNO2
and H2 5204, evolving toxic chlorine ga= [Hisham, k. W k., T, %, Bommaraju. 2004, Hydrogen
Chlaride. In Kirk-Othmer Encyclopedia of Chemical Technology. John %Wilep & Sons, Inc. );its
rezctions with fuming H2 504 or chiorosulfonic acid are vialent [Lewis, B.J. . S 1932 Saqts
Crangerous Froperties of Industrial katerials, Sth Edition. Mew “vork: Wan Mostrand Reinhold, pp.
1893, and HCI is dehydrated by H2 504, causing rapid evolution of large amounts of toric HClgas
[bCA Case History Mo, 1785 Lbman, [. [ 1948, Chemistry and Industre 728 1. WHE and
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107 Line Klaan mized with

8] TRIPHENYL FHOSFPHINE

- Reaction proceeds with explosive violence andfor forms explosive products.

- hday become highly flammabla or may initiate a fire, especially if other combustible materials
are present .

- Spontanecus ignition of reactants or products due to reaction heat.

- Combination liberates gaseous products, at least one of which is flammable. kay cause
pressurization.

- Exothermic reaction. kday generate heat anddor cause pressurization.

- Combination libarates gaseous products, at least one of which is toxic. bMay cause
pras=surization.

- Erothermic, generation of toric and corrozive fumes.

- Genaration of corrasive liquid.

- Reaction may be intense or violent.

Possible Gases: H2|H2 H2 Hydrocarbons 22 02 [HXCorrosive Fumes

Citations:

Hydrides react spontanecusly and irrewversibly with proton donors, including water and acids, to

form flammable HZ gas= [Rittmeyer, P. , . Yietelmann. 2002, Hpdride=. In Uimann?s Encyclopedia of
the Chemizal Industry. Wilepy-CH Verlag GmbH & Co. KGas, ; Eggeman, T. 2001, Hedrides. In
kirk-Othmer Encyclopedia of Chemical Technology. John Yiley & Sons, Ine. ). Reaction of simple
hupdrides with SICI forms 2 powerfully reducing comples of aluminum hedrides (2. g, L&IHE)

[Eggeman, T.2001. Hydrides. In Kirk-0thmer Encyclopedia of Chemical Technology . John Yyilay & Sons,
Inz. .

107 Line Klaan mized with
9] WATER
- Combination libarates gaseous products, at least one of which is flammable. bay cause
praszurization.
- Combination libarates gaseous products, at least one of which is todic. bMay cause
pras=surization.
- Erothermic, generation of toxic and corrosive fumes.
- Generation of corrosive liquid.
- Generates water soluble toxic products.

Possible Gases: HxH2 S 04lacid Fumes H2 HX[Corrosive Fumes

Citations:

117 Siltherm XLT mixad with
1] &CETOPHEMONE

Fossible Gaszes:

Citations:

Acetone may form edplosive parodides in solution with isoprene [Lokhmachewa, |0 K. et al. 1975,
Chemical 2bstracts 82 63856 Lewis, R. 0., Sr. 1932, Sau?s Dangerous Properties of Industrial
hdaterials, Sth Edition. Mews York: “Wan Mostrand Reinhold. pp. 23.].

117 Siltherm LT mixed with
2] EROMINE
- hday form explosive perodides .
- Reaction procesds with erplosive violence andfor forms explosive products.
- Heat generated from chemical reaction may initiate explosion.
- kday become highly flammable or may initiate = fire, especially if other combustible materials
are prasent.

- Spontaneous ignition of reactants or products due to reaction heat .
- Exothermic reaction. kday generate heat anddor cause pressurization.
- Exothermic, potentially wiolent polymerization. kday cause pressurization.
- Combination libarates gaseous products, at least one of which is todic. bMay cause
pras=surization.

Fossible Gases: HxHalocarbons

Citations:

Acetplens reacts violently or explosively with most oxidants (Urben, P.G. 1993, Bretherick?s
Handbook of Reactive Chemical Hazards, Sth Edition. Oxford: Buttersorth-Heinemann, pp. 2685, ).
WhReaction of acetylena and halogens may be explosive, particularly if ultrawvialet light fneluding
zunlight] is prasent [won Schwartz, 1918, pp. 142, 312; LA SD-T, 1957). WReaction of ethplens and
chlorine can be explosive if ultraviolet light [ncluding sunlight], mercury onides, or sikver

oxide iz prazent [Mational Fire Protection Sssociation. 1975, Publication 491k, pp. 103, 7.

WFropensa can polpmerize edplosively at ambient temperatures in contact with lithium nitrate and
sulfur diodide, if light is present (Urben, P. G. 1933, Bretherick?s Handbook of Reactive Chemical
Hazards, Sth Edition. Owford: Butterworth-Heinemann. pp. 434, |. Whienes, including 1, 3-butadiens

Copyright © 2012 AIChE Page |178



RMT Help Guide v1.0 January 2012

Chemical Reactivity Reports for: Process 1 BF23F2011 10:42:35 AM
Evaluation Dabe: 01082011

11] Siltharm XLT mixed with
3) DICHLOROMETHANE

Poszible Gazes:

Citations:

11] Siltherm XLT mixed with
4) PHEMACYL EROMIDE

Possible Gases:

Citations:

Acetone may form explosive perodides in solution with izoprene [Lokhmachewa, |, K. et al. 1975,
Chemical Abstracts 82:63856; Lewis, R.J., Sr. 1992, Sa0?s Dangerous Properties of Industrial
bdzaterialz, Sth Edition. Mews York: “Yan Nostrand Reinhald. pp. 23,7,

117 Siltherm XLT mised with
5] 001U AZIDE
- Extothermic reaction. kap generate heat andfor cause pressurization.

Possible Gases:

Citations:

117 Siltherm XLT mised with
Bl TETRAHYDROFURAN

Poszible Gazes:

Citations:

11] Siltharm XLT mixed with

TITOLUEWE SULFONIC ACID, LIQUID, WITH MORE THAN 5% FREE SULFURIC &CID
- Reaction proceeds with explosive violence andfor forms explosive products.

- Spontaneously flammable in air.

- Exothermic reaction. kday generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is tosic. kday cause
pressurization.

Possible Gases: CO2Z[MOR

Citations:

Fhienylacetylens explodes on contact with perchloric acid, ewen at cryogenic temperatures if 2

dilutant is not prezent [kartheard, 1. P. et al. 1982, Tetrahedron Letters 23:3484. ). Wicetylens

reacts violently or explosively with most oridants [Urben, P. G. 1995, Eretherick?s Handbook of
Reactive Chemical Hazards, Sth Edition. Oxford: Buttensarth-Heinemann. pp. 265, ).
nCpclopentadiens reacts explosively with HHOS or concentrated H2 504 [ilzon, P, et al. 1944,
Chemical Rewviews 33:8. ). Whienes and alkynes are hppergolic with HNOZ [Bndrussoe, L1981, Chim.
Ind. [Pariz] 96:542].

117 Siltherm XLT mised with

2) TRIFHENYL FHOSFHIME

- Reaction procesds with enplosive violence andfor forms exsplosive products.

- Combination liberates gaseous products, at least one of which is flammable. bay cause
prassurization.

- Erothermic reaction. bday generate heat anddor cause pressurization.

- Exothermicz, potentially wialent polpmerization. kday cause pressurization.

Possible Gases: H2

Citztions:

Llkenes react explosively with aluminum tetrahydroborate i odygen is present, explosions may

occur immediately or after aninduction period [Gaplord. 1936, pp. 26. . Wheetylens and cesium
hupdride react wiolently at low temperatures if moisture is present, or at slightly elevatad

temperatures if dry [kdellor. 1946-7.2:483 ). WiEthylens can polymerize at low pressure if

aluminum alkyls are present to catalyze the reaction [Sundaram, K. b, k. b Shreehan, and E.F.
Olszewszki. 2001. Ethelene. In Kirk-Othmer Encyclopedia of Chemical Technology . John Yiley & Sons,
Inz. ).
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117 Siltherm XLT mixed with
9] wATER

Possible Gaszes:

Citations:

11] Siltherm XLT mixed with
10] Line Kleen
- Extothermic reaction. kay generate heat anddor cause pressarization.

Fossible Gases:

Citations:

12 ] Compound 927654321 mined with
1] ACETOPHENONE

Possible Gases:

Citations:

12 ] Compound 387654321 mitad with

2] EROMINE

- Reaction proceads with explosive wiolence anddor farms explosive products.

- Spontanecus ignition of reactants or products due to reaction heat.

- Combination liberates gaseous products, including both flammable and toxdic gases. kay cause
prassurization.

- Extothermic reaction. kay generate heat andior cause pressarization.

- Combination liberates gaseous products, at least one of which is boxic. bay cause
prassurization.

Possible Gases: COICOZ[HXICOICOZ|50:|Chlorinated &mines |HX|Chlarinatad Amines [Chlorinated Amines

Citations:

LrbAF reacts exothermically with Br2, possiblp forming toxicflammable C=0and toxic HEr gasses
[Tayim. H. A, et al. 1973, Chemistry and Industry 347 )00 MF reacts exothermically with CI2,
producing tosic C=0and inert CO2 gasses MWoltornist, &. 13583, Chemical and Engineering Mews
E1[8):4. ). WCaprolactam reacts explosivelp with M2 03 in acetic acid unless cooled [Huisgen, R. et
al. 1952, Ann. 575174197 ) WDk F can react explosively with Cro3 or Kkdn04: dimethylacetamide is
suggested as a safer substitute [Pal, B, C. et al. 1331, Chemical and Engineearing Newes 33[17]:47.

]. WSome compler amides also hawe explosive reactions with Cro3 [Urben, P. G. 1995, Bretherick?=

Handbook of Reactive Chemical Hazards, Sth Edition. Ouford: Butterworth-Heinemann. pp. 1378-1374.
1. wlrea ignites in contact with chromyl chloride [Pascal. 1933k, Wolume 14, pp. 133, ). Wlrea
ignites in contact with dnitrosyl perchlorate [Hoffman, K. & et al, 1909, Ber, 42:2031 ], W0bdF
zan also ignite in contact with Criod [Heathoock, C.H. 1981, Chemical and Engineering Mewes 5938,
1. wilrea reacts with metal hypochlorites ta form esplosive liquid MCI3 [Mational Fire Pratection
Azsociation. 1973, Publication 431 k4. pp. 213, 1. WD MF forms explosive mikture with urea
perchlorate [Kukasabe, kA, et al, 1980, Chemical Abstracts 92:79028 . ). [hF reacts enothermically
with Br2, possibly forming todicflammable ©=0and tosic HBr gasses [Tapim, H. A, et al, 1973,
Chemistry and Industry 347 ). WD kF reacts eqothermically with CI2, producing toxic ©=0and inert
CO2 gasses [(Waltarnist, &. 1983, Chemical and Engineering Mewes B1[6]:4. ). WElewated temperature
or iron impurities allow an eqdothermic reaction between DhF and thiogl chloride. Reaction evalves
tonic 502 gas [Spitulink, k. 1. 1977, Chemical and Engineering Mewes 535 [31):31; Joshi, k. 5. 1986,
Chemical and Enginesring Mewes 64(25]:4. ]. Wrea can edplode if heated with PCIS, probably due to
formation of MCI3. Generally related also to other chlarinating agents and nitrogen compaunds
[@non. 1960, Agnevy. Chem. [Machr. ] 8:33. ). WD F forms taxic dimethylcarbamogl chloride, 3
suspected carcinogen, with thiongl chloride ar phosphorous aspehloride. Thionyl chlaride reaction
can result in owerprassure if Fe or Znis present (karsella, J. A 1934, Dimethylformamide. In
Eirk-0thmer Encpelopedia of Chemical Technology. John %iley & Sons, Inc. . BrF3 reacts explogively
with ammonium halide salts (Sharpe, & G, 1948, Journal of the Chemical Society 2137, ). WReaction
betwwean MaCl0 and ammonium salts can form esplosive and toric MCI3 gas [@non. 1978, Loss Frevention
Bulletin [022):116. ). WCIF3 reacts wialently or may ignite an contact with iodide salts [Urben,

P. G. 1995, Bretherick?s Handbook of Reactive Chemical Hazards, Sth Edition. Owford:
Butterworth-Heinemann. pp. 1237, 1. CIF3 forms toxic and highly flammable chlorodifluoroamine gas
on contact with ammonium fluoride, ewven at low temperatores [(Gardner, D ML et 2l, 1926, Inorganic
Chemistryg 2:413. ). WMBrF3 reacts explogively with ammonium halide salts (Sharpe, A, G. 1348,

Journal of the Chemical Society 2137, 1. WReaction between MNaCl0 and ammonium salts can form
axplosive and todic MCI3 gas [(Anon. 1978, Loss Prevention Bulletin (022]:116. ). WCIF3 reacts
wiolently with or may ignite on contact with iodide salts (Urben, P. G, 1993, Bretherick s Handbook
of Reactive Chemical Hazards, Sth Edition. Oxford: Buttenworth-Heinemann. pp. 1237.].
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Chemical Reactivity Reports for: Process 1 82352011 10:42:35 AM
Evaluation Date: 01082011

12 | Compound 98765432 1 mized with

3) DICHLOR ORETHANE

- Extothermic reaction. May generate heat andfor cause pressurization.
- Reaction may be intense or wiolent.

Possible Gazes:

Citations:

CrbAF reacts wiolently with organic halides including carbon tetrachloride, ethylens dibromide, and
hexachlorobenzene)], promoted by iron salts and by metals (karsella, J. A 1334, Dimethylformamide.
1994, Kirk-0Othmer Encyclopedia of Chemical Technology, John Yiiley & Sonz, Inc. ). WD R4F ar
dimethylacetamide react can react Tdangerouslp? with CCl4and 1,2, 3, 4,5,

E-hexachlorocycloherane. Dichloromethane and 1, 2-dichloroethane do not show dangerous reactions
with aither DbAF or dimethylacetamide (Urben, P. G. 1995, BretherickYs Handbook of Reactive Chemical
Hazards, Sth Edition. Oxford: Butbensorth-Heinemann. pp. 136, ], Dichloromethane may react
enothermically with A Br3 [Kramer, G. ket al. 1986 Accounts of Chemical Research 19[3):78-84. ).

12 | Compound 38765432 1 mized with

4] PHENACYLBROMIDE

- Extothermic reaction. bay generate heat andfor cause pressurization.
- Reaction may be intense or wiolent.

Pozzible Gases:

Citations:

CrbAF reacts wiolently with organic halides (ncluding carbon tetrachloride, ethylene dibromide, and
herachlorobenzene), promoted by iron zalts and by metals [kMarsella, b, A 1994, Dimethylformamide.
1994, Kirk-0Othmer Encyclopedia of Chemical Technology, John Yiley & Sonz, Inc. ). WD R4F ar
dimethylacetamide react can react Tdangerouslp? with CCl4and 1,2, 3, 4,5,

E-heuachlorocycloheranea. Dichloromethane and 1, 2-dichloroethane do not show dangerous reactions
with either [hAF or dimethylacetamide [Urben, P. G. 1995, Bretherick?s Handbook of Reactive Chamical

Hazards, Sth Edition. Oxford: Butterworth-Heinemann, pp. 136, ). Dichloromethane may react
exothermically with A1 Er3 (Kramer, G. M. et al. 1986, Accounts of Chemical Research 1903):78-34. ).

12 | Compound 98765432 1 mixed with

3] 500IUM AZIDE

- Increased sensitivity to detonation.

- Farms wery unstable explosive metallic compounds .

- Reaction proceeds with explosive wviolence andfor forms explosive products.

- Extathermic reaction. kay generate haat andfor cause prassurization.

- Combination liberates nonflammable, nontosxic gas. kay cause pressurization.

Possible Gases: M2

Citations:

Sodium azide forms explosive salts with metal halides [Lenga, R. E. . ed. 1982, Sigma Aldrich
Library of Chemical Safety Data, 2nd Edition. Sigma Aldrich. pp. 31249 ), including HgCI2

[University Safety A=ssociation. 1952, Safety Digest. pp. 44, 22, ). Wron salts catalyze

exothermic decomposition of azidoacetic acid at ambient temperatures; the reaction may accelerate
to explosion at high temperatures [Boroweski, 5. J. 1976, Chemical and Engineering Mewss S4(44]:5.].
Weigidic solutions of Cu+ will catalyze the decompasition of diazo compounds at ambient
temperatures, ewvolving inert N2 gas (Forstinger, K., H. J. kdetz, 2002. Diazo Compounds and Diazo
Reactions. In Ulmann?s Encyclopedia of Industrial Chemistry, YWilap-S/CHerlag GmbH & Co. Kgad. );
the reaction may accelerate to explosion at 90C [Lewis, R J., Sr. 1992, San?s Dangerous

Froperties of Industrial katerials, Bth Edition. Mews York: ‘wan Mostrand Reinhald. pp. 321].
Wworganic azides are sensitized by metal salts (Lewis, R.J., Sr. 1992, San?s Dangerous Properties
of Industrial kdaterials, Sth Edition. Mew York: %Wan Mostrand Reinhold. pp. 321, ). WCZombination of
hAn++, stprene, and MaM3 can explode [Fristad, %, E. et al. 1985, Journal of Organic Chemistry
S0:3468. ).

12 ] Compound 98765422 1 mited with
B TETRAHYDROFURAN

Possible Gaszes:
Citations:

THF reacts violently and exothermically with anbpedroos HECH, TG, or ZrCi4 (MManzer, L E. 1982,
Inorganic Synthetic 21:137.].
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Chemical Reactivity Reports for: Process 1 812352011 10:42:35 AM
Evaluation Dabe: 01082011

12 ) Compound 337654321 miked with

T) TOLUEME SULFOMIC ACIC, LIQUID, ¥WITH MORE THAN 5% FREE SULFURIC ACID

- hdzy become highly flammable or may initiabe = fire, especially if aother combustible materials
are present.

- Combination liberates gaseous products, including both flammable and toxic gases. bay cause
pressurization.

- Extathermic reaction. kday generate heat anddor cause pressurization.

Pozzible Gases: HOR|COZ2

Citations:

Amides react with nitrating agents, including HNOZ, to produce N-nitrosamides. The nitrosamides
can tharmally decompose to esters or to carboryacids and olefing, with emission of toxic,
combustion promoting M2 0 gas [£abicky, J. . ed. 1970, The Chemistry of Smides. John Wilay & Sons.
pp. 724,

12 ) Compound 337654321 miked with

&) TRIPHENYL PHOSPHIME

- Heat generated from chemical reaction may initiate explosion.

- hdzy become highly flammable or may initiate a fire, especially if other combustible materials
are present.

- Combination liberate= gaseous products, at least one of which is flammable. bay cause
pressurization.

- Combination liberates gaseous products, including both flammable and toxic gazes. bMay cause
pressurization.

- Extothermic reaction. kay generate heat andfor cause pressurization.

Pozzible Gases: H2[MCH33H2

Citations:

Fluarinated amides can react wiolently with lithium aluminum bpdride, potentially causing ignition
ar gas evolution [Kara, ¥, 1955, Chemical and Engineering Mews 33, 1368 ). Wamides can be reduced
bue strong reductants (2. 9. . metal hpdrides, MaBH4, BH3) to produce aldehpdas, nitriles, and
amines, with evaolution of hpdragen gas [Zabicky, J. . ed. 1370 The Chemistry of Amides. John Wilay
& Sons. pp. 793-747. ). WD MF reacts were violently with NaE H4 at elevated temperatures and after a
long induction period. Scetic or formic acids cause the reaction to run immediately. The reaction
produces flammable trimethylamine gas [Schwartz, J. et al. 1993, Journal of Organic Chemistry
S8[18):2003; Yeowell, &. et al. 1973, Chemical and Engineering Mews. ], WhhiF and HaH react
exothermically at room or slightly abowe room temperature; the reaction is salf-accelarating

[Bucklay, J. et al. 1982, Chemical and Engineering Mews B0(28]:5. ], \Reaction of simple hydrides
with 21 CI13 forms 3 powerfully reducing complas of aluminum hypdrides = g., HAIH4) [Eggeman, T.
2001, Hydrides. In Kirk-Othmer Encyclopedia of Chemizal Technology . John YWilep & Sons, Inc. ).

12 ] Compound 937854321 mined with

9] WATER

- Combination iberates gaseous products, at least one of which is flammable. bz cause
pressurization.

- Combination liberates gaseous products, at least one of which is totic. kap cause
pressurization.

- Extathermic, generation of todic and corrosive fumes.

- Generation of corrosive liquid.

- Generates water soluble toxic products.

Fozsible Gases: HZIHX[Corrosive Fumes

Citations:

12 ) Compound 937654321 mined with

10] Line Kleen

- Combination iberates gaseous products, at least one of which is flammable. bz cause
praszurization.

- Combination liberates gasecus products, including bath flammable and toxic gases. bay cause
pressurization.

- Extathermic reaction. kday generate heat anddor cause pressurization.

- Combination liberates gaseous products, at least one of which is totic. bap cause
pressurization.

- Exothermic, generation of taxic and corrosive fumes.

- Generation of corrosive liquid.

- Generates water soluble toxic products.
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Chemical Reactivity Reports for: Process 1 812352011 10:42:35 AM
Evaluation Dabe: 01082011

- Reaction may be intense or wiolent.

Possible Gases: COJHCM|Corrosive Fumes |H2 [HX|Carrosive Fumes

Citations:

12 ] Compound 987654321 mixed with
117 Siltherm XLT

Pozzible Gases:

Citations:
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5.3.9.3.4 Pure Component Hazards Tab

Chemical Reactivity repots for: Process 1
Evaluation Date: 01482011

Tuesday, August 22, 2011 1100 Al

Chemical Hame

Fezctive Group Hame

[TETRAHYDROFURANTRIPHEMYL PHOSPHINE

Highly Flammable

SO0DIUM AZIDE

Explosive

EROMINE TOLUEME SULFONIC ACID, LIQUID, %WITH MORE THAM 5% FREE
SULFURIC ACID

Strong DHidizing Agent

EROMINE

kr-Feactive

TETRAHYDROFURAN

Perodidizable Compound

1of 1
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5.3.9.3.5 Scenario Evaluation Tab

It is recommended that this tab be exported to excel so that it can be formatted to show all results

and conclusions.

Ewaluation Date: 01AE2011

Chemical Reactivily Safely Evaluation for: Process 1

Tuesday, Aqust 23, 2011 11103 Add

Scenanio 5 0T Scena [Heat OF Full C 3 [2diaba [Initial. =2 [Tempe [Fressu TSR
Mame Genano W2 lio st. |Reaction  |Description OMMENES bio Te.. Temp ... [Reas... [ratur.. e OF.
Frieumatic Consegue
- walve on nzes: T-1
L0 1 'gzign::i:""‘*' Et‘:r;p' .00 inertion gas T- [not inerted 10,00 o 15
1 fails clozed  [and
or_manual ba... [contzins f..
Frocass Operating
reaction step  [conditions
Oth-001 'g:g'ng::'rr Et‘:';'pl 16.60 1. Rununder  |outside 0.00 ul 250
normzl niormal
operating con.. [operating...
Frocaszs Operating
tion 2. conditions
Ay Other Compl read -
Oth-002 | i sted | [F54.00 Run under autzide 3200 ] 127 |20 2320
normzl niormal
Li Ling...
e e
Ay Other Compl miing of produces
Cth-003 Scenario ated 59.30 bromine and 1 mole of p.a0 0 0
tankanors |hidranar

1afil
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APPENDICES

Appendix A: Program Code Keys
Link To Full TOC
Table of Contents

AL DOT SEEIEEAtIONS ..eeeeiiiieieeeitte ettt e e s bt s e e e s s b e e e s e s b e e e ssba e e s sab e e e s e ane e e saabae e s sanaeeeeaa 186
A.2 Reactivity Matrix INTEraction COUES .......uiiiiiuiiiieiiiieccieee et eee e eetee e e s e e e e ete e e s raaaeeesatreeeaataeessasaeeesnsseseanns 187
FANE I Y= Tt ANl €T o TUT o ST P PO UP PP OPPPPN 188
Y Y o JYolF=1 I o 2= [ e £l o [ <SRN 189
ALD DOT COUBS .veeiiuiiieeiiiietesitte e ettt e eeiteeesettteessutteeessateeesasseeeesabeeesassteeesassaeesassaeeeasseeesassaeessabeeessnasaeesassaeessnsseeennns 190

A.1 DOT Segregations

The grid below was used for the coding of the warehousing segregations. The program
compares the makes all possible pairings of DOT codes from two compounds and selects the pair
that gives the largest segregation.

20- Mon-  Unknow
DOTIUN Category 10 21 2.2 23 3 4.1 4.3 5.1 5.2 6.0 6.1 6.2 7.0 8.0-acid | base 3.0 Haz n

i |Corrosi
ve - Other
basic Hazards

1.0 Ezplosives
21 |Flammable gas
2.2 Non-flammable gas
23 Tozic gas
T30 [Flammable liquids
41 Readily combustible solids
42 |Spontaneocusly Combustible
4.3 Dangerous when wet
5.1 Ozidizer
52 Organic Perozides
" 60 |Tosic Substances
" sa Poisons
"2 Infectious Substances
" 7.0 |Radioacti i
8.0-acid | Cornosive - acedic
base |Corrosive - basic
Y] Other Hazards
Haz.  Non-hazardous materials
Unknow

Unknown Classification

Copyright © 2012 AIChE Page |186



RMT Help Guide v1.0 January 2012

A.2 Reactivity Matrix Interaction Codes 21

Matrix
code Explanation long Explanation short
Al Explosive when dry. Explosive
A2 Risk of explosion by shock, friction, fire or other sources of Explosive
ignition.
A3 Forms very unstable explosive metallic compounds. Explosive
A4 External heating may cause an explosion. Explosive
A5 May form explosive peroxides. Explosive
A6 Reaction proceeds with explosive violence and/or forms explosive | Explosive
products.
A8 Explosive when mixed with combustible material. Explosive
A9 Heat generated from chemical reaction may initiate explosion. Explosive
Al0 Increased sensitivity to detonation. Explosive
B1 May become highly flammable or may initiate a fire, especially if Flammable
other combustible materials are present.
B3 Spontaneously flammable in air. Flammable
B4 Spontaneous ignition of reactants or products due to reaction Flammable
heat.
B5 Combination liberates gaseous products, at least one of which is Flammable gas
flammable. May cause pressurization.
B6 Combination liberates gaseous products, including both Flammable gas|Toxic gas
flammable and toxic gases. May cause pressurization.
C Exothermic reaction. May generate heat and/or cause Heat generation
pressurization.
D1 Exothermic, potentially violent polymerization. May cause Heat generation | Polymerization
pressurization.
D3 Combination liberates gaseous products, at least one of which is Toxic gas
toxic. May cause pressurization.
D4 Combination liberates nonflammable, nontoxic gas. May cause Nonflammable, nontoxic gas
pressurization.
D5 Combination liberates combustion-enhancing gas (e.g., oxygen). Combustion-enhancing gas
May cause pressurization.
D6 Exothermic, generation of toxic and corrosive fumes. Heat generation | Toxic
gas| Corrosive
D7 Generation of corrosive liquid. Corrosive
E Generates water soluble toxic products. Toxic
F May be hazardous but unknown. Unknown
G Reaction may be intense or violent. Intense reaction
H Possible exposure to radiation. Radiation
|

Members of this group are highly reactive. They may be incompatible with members of the same

group.

2L NOAA: Johnson,L.E. and Farr, J.K., CRW 2.0: A Representative-Compound Approach to Functionality-Based

Prediction of Reactive Chemical Hazards
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A.3 Reactive Groups

21 Reactive

group # Reactive Group description
1 | Acids, Inorganic Non-oxidizing
2 | Acids, Inorganic Oxidizing
3 | Carboxylic Acids
4 | Alcohols and Polyols
5 | Aldehydes
6 | Amides and Imides, Organic
7 | Amines
8 | Azo, Diazo, and Azido Compounds and Organic Hydrazines, Organic
9 | Carbamates and Esters
10 | Bases
11 | Cyanides, Inorganic
12 | Thiocarbamate Esters and Salt/Dithiocarbamate Esters and Salts
13 | Esters
14 | Ethers
16 | Hydrocarbons, Aromatics
17 | Halogenated Organic Compounds
18 | Isocyanates and Isothiocyanates, Organic
19 | Ketones
20 | Sulfides, Organic
21 | Metals, Alkali, Very Active
22 | Metals, Elemental & Powder, Active
23 | Metals, Less Reactive
26 | Nitriles
27 | Nitrites, Nitrates, and Nitro Compounds, Organic
28 | Hydrocarbons, Aliphatic Unsaturated
29 | Hydrocarbons, Aliphatic Saturated
30 | Peroxides, Organic
31 | Phenols, Cresols
32 | Phosphates and Thiophosphates, Organic
33 | Sulfides, Inorganic
34 | Epoxides
35 | Metal Hydrides, Alkyls and Aryls
37 | Anhydrides
38 | Salts, Acidic Inorganic/Organic
39 | Salts, Basic Inorganic/Organic
40 | Acid Halides
42 | Organometallics
44 | Inorganic Oxidizing Agents
45 | Inorganic Reducing Agents
46 | Inorganic Compounds/Neither Reducing nor Oxidizing
47 | CFCs and HCFCs (chlorofluorocarbons and chlorofluorohydrocarbons)
51 | Nitrides, Phosphides, Carbides, and Silicides, Inorganic
55 | Chlorosilanes
59 | Halogenating Agents, Strong
98 | Not Chemically Reactive
99 | Insufficient Information for Classification
100 | [contains] Water

Continued on next page
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Note the following codes > 100 are not used for determining binary interactions but can be useful
to keep track of component hazards

Reactive

group # Reactive Group description

101 | Highly Flammable

102 | Explosive

103 | Polymerizable

104 | Strong Oxidizing Agent

105 | Strong Reducing Agent

107 | Water-Reactive

108 | Air-Reactive

109 | Pyrophoric

111 | Peroxidizable Compound

400 | Radioactive Material

A.4 Special Hazards choices

Select One or More %

None

Highly Flammable

Explosive

Polymerizable

Strong Oxidizing Agent

Strong Reducing Agent

Water-Reactive

Air-Reactive

Pyrophoric

Peroxidizable Compound

Radioactive Material
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A.5 DOT Codes

Select 1 primary, 0 to 3 secondary

1.x Explosive

2.1 Flammable Gas

2.2 Non-Flammable Gas (also Oxygen)

2.3 Toxic Gas or Inhalation Hazard

3 Flammable Liquid or combustible liquid

4.1 Flammable Solid

4.2 Spontaneously Combustible solid

4.3 Dangerous when wet

5.1 Oxidizer

5.2 Organic peroxide

6.0 Infectious substance

6.1 Inhalation Hazard, Poison, Toxic

7 Radioactive

8 Corrosive — acidic

8 Corrosive - basic

9 Miscellaneous Hazard

Non-hazardous

Unknown

Note: that the code “unknown” will result in very large segregation predictions
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Appendix B: FAQ

Link To Full TOC
List of Topics
1.) Deselect a secondary DOT code

2.) Chemical adds twice

3.) Next button not available or program will not advance

4.) Navigation tabs grayed out

5.) Importing chemicals and processes from other users

6) My reactivity matrix predicts severe reactivity where | know it does not exist
7) Program Freezes

8) Error message “Unable to add due to some technical problem...”

9) Reactivity groups for custom chemicals shown in the Process Chemicals window are
missing or different than those entered.

10) The Special Hazards entered for a custom chemical do not show up in the “Evaluate
Pure-componant reactivity hazards” tab of the report.

11) Updated custom chemical data does not appear in process window.

1.) Deselect a secondary DOT code

Hold down the Ctrl key and left click in the code you want to remove. The code will change
from highlighted to outlined. Click anywhere outside the selection box to make the deselection
permanent.

2.) Chemical adds twice

This is an intermittent problem for a small number of chemicals such as isopropanol and toluene.
Certain chemicals will add to your process twice but when you try to delete the duplicate both
entries delete. To remove the duplicate entry simply close the process containing the double
entry and re-open it. Upon reopening the process, only one entry per chemical will appear.

3.) Next button not available or program will not advance
Check for messages in the lower left corner of the active process window. Often a mandatory
field was neglected. Also see FAQ 7) Program Freezes or FAQ 0
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8) Error message “Unable to add due to some technical problem...”

4.) Navigation tabs grayed out

Certain portions of the program depend upon data entered on earlier screens. The program
prevents the user from advancing until the data is required has been entered. Once you have
advanced to a given point in the program you will be able to go back and enter new data or
update previously entered data.

5.) Importing chemicals and processes from other users
See section 3.1.7 Exporting / Importing the RMT Process Analysis

6) My reactivity matrix predicts severe reactivity where I know it does not exist

This is a common problem. The matrix should be used as a starting point or research guide for
where one should look for possible reactivity issues. Chemical pairs where no reactivity is
predicted can generally be taken as correct however the generalizations made by necessity in the
CRW?2 create many false positives that must be screened out by the user. See section 4.10
Determining the Validity of Information from Matrix Reports for more detailed discussion of
this topic. Section 1 Introduction presents an overview of the NOAA CRW?2 reactivity prediction
strategy along with literature references.

7) Program Freezes
Check the lower portion of the process window for messages in red.
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8) Error message “Unable to add due to some technical problem...”

This is a database error. Make sure you have the files RMTDB.mdf and RMTDB_log.ldf in your
program directory (see section 3.1.6 Executable and Database File location and descriptions for
location). Next check that you have SQL express 2005 installed. (see section 3.1.3 Downloading
the Reactivity Management Tool and required prerequisite programs. Next go to start programs
menu select Microsoft server 2005 - Configuration Tools - SQL Server Configuration
manager.

iﬁi S0L Server Configuration Manager

fﬁ Microsoft SOL Server 2005 fﬁ Configuration Tools »

j SQL Server Error and Usage Reporting
i}j SQL Server Surface Area Configuration

¥ SQL Server Configuration Manager

File  Action View Help
e = B EFR(2| 0=
@ SOL Server Configuration Manager (Local) IName State Start Mode Log On As Proc
i S5QL Server 2005 Services S0L Server (SQLEXPRESS) st : Automatic LocalSystem
- 5, SQL Server 2005 Network Configuration JmSCL Server Browser ay Other {Boat, System... NT AUTHORITY!Met,.. 0
-8 SQL Native Client Configuration Stop
Pause
Resume
Restart
Help

From the left menu select “SQL Server 2005 services” and right click on “SQL Server
(SQLEXPRESS)” and select properties.

SQL Server (SQLEXPRESS) Properties ﬂﬂ
Log On | Service I Advanced I
Log on as:

¥ Built-n account:

Local System -
| |

" This account:

Account MName: I Erowse |

Password: I HHHHHHHHHHHHHHHH
Confirm passward: I HHHHHHHHHHHHHHHH
Service status: Running
Statt | Stop | Pause | Restart |

oK I Cancel | apply | Help |
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In the popup box above select “Local System” and then the “apply” button. A warning message
will pop up stating that the change will cause the service to be restarted. Press yes. EXit the
popup using the OK button and close the configuration window. Shut down reactivity
management tool and reopen. (you may want to reboot before reopening the RMT. If you do use
the above procedure to make sure your selection survived the reboot. Some users have reported
that they must repeat the above several times before the new settings survive a re-start.

9) Reactivity groups for custom chemicals shown in the Process Chemicals window are
missing or different than those entered.
See paragraph 2 of Appendix G: Known Programming Bugs

10) The Special Hazards entered for a custom chemical do not show up in the “Evaluate
Pure-componant reactivity hazards” tab of the report.

This is a problem in the code of the program that causes this particular tab to remain incomplete
until after a specific point has been passed in the protocol. All NOAA database chemicals will
display correctly but custom chemicals will not appear on this list until you have answered the
warehousing question (see 5.0.9 Warehousing vs. Chemical Processing) that you are doing
physical or chemical processing in the area and press next. Reopening the report at this point
will give you a fully completed report. Note all other tabs contain complete information without
this extra step.

11) Updated custom chemical data does not appear in process window.

If you update a custom chemical after it has been added to a process the information will not
update in the process window until either you close the window and reopen the process or you
delete the chemical then re-add it. Also see question 10.
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Appendix C: Abbreviations and Acronyms

AIChE American Institute of Chemical Engineers

ARC® Accelerating Rate Calorimeter; accelerating rate calorimetry (THT Itd.)

ARSST™ Advanced Reactive Systems Screening Tool (Fauske &Associates, LLC)

ASME American Society of Mechanical Engineers

ASTM American Society for Testing and Materials

CAMEO Computer — Aided Management of Emergency Operations (NOAA)

CAS Chemical Abstracts Service

CCPS Center for Chemical Process Safety

CFR Code of Federal Regulations (U.S.)

CRW [NOAA] Chemical Reactivity Worksheet

CHETAH® ASTM computer program for Chemical Thermodynamic and Energy Release
Evaluation

CSB U.S. Chemical Safety and Hazard Investigation Board

DIERS Design Institute for Emergency Relief Systems

DSC Differential Scanning Calorimeter; Differential Scanning Calorimetry

DOT U.S. Department of Transportation

DPT Decomposition Pressure Test

DTA Differential Thermal Analysis

EPA U.S. Environmental Protection Agency

HAZOP Hazard and Operability [Study]

IPL Independent Protection Layer

LOPA Layer of Protection Analysis

MAWP Maximum Allowable Working Pressure

MAWT Maximum Allowable Working Temperature

MSDS Material Safety Data Sheet

MTSR Maximum Temperature of a Stirred Reactor

NFPA National Fire Protection Association (U.S.)

NOAA National Oceanic and Atmospheric Administration (U.S.)

OSHA U.S. Occupational Safety and Health Administration

PHA Process Hazard Analysis

PSM Process Safety Management

RBPS Risk Based Process Safety

RMP Risk Management Plan/Program

RSST Reactive Systems Screening Tool

RMR Reactivity Management Roundtable

RMT Chemical reactivity evaluation Tool or Reactivity Management Tool

SADT Self-Accelerating Decomposition Temperature

UN United Nations

VSp2m™ Vent Sizing Package, Version 2 (Fauske &Associates, LLC)
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Appendix D: Developing a Reactivity Management System

The following has been abstracted from the CCPS guide series book Essential Practices for
Managing Chemical Reactivity Hazards (2003)?%. It is sincerely hoped that enough of the book’s
concepts are summarized here to prompt the reader obtain the book and make use of it to develop
and maintain an effective reactivity hazards management program.

There are ten essential practices for managing chemical reactivity hazards. Management
elements common to all safety management systems, such as emergency response, have not been
included in this chapter. These practices come together in a logical framework for developing
and maintaining chemical reactivity hazard management throughout the life cycle of a facility.

1. Put into Place a System to Manage Chemical Reactivity Hazards

Managing chemical reactivity hazards starts with a management system. To prevent incidents, a
facility must not only be well designed, but also properly operated and maintained. A
commitment to safety from all levels of management is essential, to ensure that all safety aspects
receive adequate priority. In practice, conflicts of interest may arise between safety and other
goals such as production demands and budgets. In these cases, the management attitude will be
decisive. In reality such a conflict may only be an apparent one, because safety, efficiency and
product quality all depend on a reliable production facility with a low frequency of technical
troubles and safety problems. Developing a management system is not a one-time project. It
must be able to manage even subtle material, equipment or personnel changes that may have a
significant effect on the safety of the operation. These may include a minor change in raw
material purity, a modification to the shape of a vessel where heat transfer is important, or a
change in how an operation is supervised.

Table 1 lists essential ingredients of a management system for successfully managing chemical
reactivity hazards. An honest comparison of a company’s current practice with the items in this
list can be used to point out the gaps that need to be filled. If you are just getting started with
chemical reactivity hazard management, this shows what is needed to develop a successful
management system. It is fully recognized that having a management system in place that
matches all of the items in Table 1 can be a major undertaking, and may require some significant
changes in “corporate culture” that may not happen overnight. Nevertheless, these items are
fundamental, and attempts to continue with the remaining essential elements in this chapter will
not likely succeed over time if management commitment and involvement are not obvious or
adequate resources are not made available.

2. Collect Reactivity Hazard Information
3. Identify Chemical Reactivity Hazards

22 CCPS (2003). Essential Practices for Managing Chemical Reactivity Hazards. AIChE/CCPS. ISBN 978-0-8169-
0896-7. The content of this book is available free of charge at www.knovel.com
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Test for Chemical Reactivity

Assess Chemical Reactivity Risks

Identify Process Controls and Risk Management Options

Document Chemical Reactivity Risks and Management Decisions

Communicate and Train on Chemical Reactivity Hazards

Investigate Chemical Reactivity Incidents

10. Review, Audit, Manage Change, and Improve Hazard Management Practices and
program

© o N R

Gap Analysis: Chemical Reactivity Hazard Management System
Table 1

_____Top management commitment has been expressed in written form and personally
communicated to site management and employees.

_____Business decisions and allocation of resources are consistent with this expressed top
management commitment.

_____ Ownership of the facility or process involving chemical reactivity hazards is clearly
established.

____ Line management is committed to managing chemical reactivity hazards, from the
chief executive officer to first-level supervisors.

____Anappropriate system to manage chemical reactivity hazards has been developed
and formally documented.

_____ This system includes clear, written statements of what needs to be done and
documented, when, how, how often, and by whom.

_____Means and resources have been permanently allocated, and training to the appropriate
level is conducted and verified, to equip every person throughout the organization with the
knowledge and skills needed to carry out his/her responsibilities.

_____Itisunderstood by every person that following all established procedures for
managing chemical reactivity hazards is a condition of employment.

_____Technical resources are readily available to identify chemical reactivity hazards,
acquire needed data, assess risks, and develop safeguards.

_____The design basis of the facility and its safety systems, including operating and
maintenance procedures, are established and documented.

_____All process, equipment and personnel changes are managed such that the safety of the
facility is not compromised by any change.

_____Line management participates in regularly scheduled audits to ensure the procedures
and practices for managing chemical reactivity hazards are being consistently followed.
___Line management participates in the investigation of all chemical reactivity incidents
and near misses, and makes resources available to implement corrective actions.
____Anattitude and practice of continuous improvement is cultivated within the

organization, including looking outside to keep abreast of new or updated information.
© CCPS 2003
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Appendix E: Glossary

Presented here is a glossary of terms related to the topics of this Help Guide. Some glossary
entries are not used elsewhere in this document; they have been included in case the user comes
across an unfamiliar term in the course of evaluating chemical reactivity hazards.

Term

Definition

Accelerating rate
calorimetry (ARC)

A technique in which a substance is heated in stages until very slow

decomposition or other reaction is detected. The substance is then held
under adiabatic conditions and the course of the decomposition or other
reaction is monitored. (Also the name of a commercial test apparatus.)

Activation energy

The constant E in the exponential part of the Arrhenius equation,
associated with the minimum energy difference between the reactants
and an activated complex (transition state), which has a structure
intermediate to those of the reactants and the products, or with the
minimum collision energy between molecules that is required to enable
a reaction to occur. It is a constant that defines the effect of temperature
on reaction rate.

Adiabatic No heat transfer occurs to or from the environment surrounding the
sample, including the sample container.
Adiabatic An estimation of the temperature which a specimen would attain if all of

temperature rise

the enthalpy (heat) of decomposition and or reaction were to be
absorbed by the sample itself. High values represent high hazard
potential.

Air-reactive A chemical that reacts with some component of ambient air (usually
water or oxygen) to form heat and or gas. Also see Pyrophoric

Arrhenius k =Z e ®RT where k is the specific reaction rate constant in reciprocal

equation minutes for first order, Z is the pre-exponential factor in reciprocal

minutes, E is the Arrhenius activation energy in J/mol, R is the gas con-
stant, 8.32 J/mol K, and T is the temperature in kelvin.

Autocatalysis

The increase of the rate of reaction due to the catalyzing effect of the
reaction products.
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Term

Definition

Auto
decomposition

The sustained decomposition of a substance without introduction of any
other apparent ignition source besides thermal energy and without air or
other oxidants present. Auto decomposition is the result of a thermal
self-decomposition reaction for given initial conditions (temperature,
pressure, volume) at which the rate of heat evolution exceeds the rate of
heat loss from the reacting system, thus resulting in an increasing
reaction temperature and reaction rate.

Auto
decomposition
temperature

The minimum temperature for a specified test method, test apparatus
(including material of construction and test volume), and initial pressure
required to initiate self-sustained decomposition of a solid, liquid, or
gaseous substance without any other apparent source of ignition and
without air or other oxidants present.

Autoxidation

Also autooxidation or auto-oxidation. A slow, easily initiated, self-
catalyzed reaction, generally by a free-radical mechanism, between a
substance and atmospheric oxygen. Initiators of autoxidation include
heat, light, catalysts such as metals, and free-radical generators. Davies
(1961) defines autoxidation as interaction of a substance with molecular
oxygen below 120°C without flame. Possible consequences of
autoxidation include pressure buildup by gas evolution, autoignition by
heat generation with inadequate heat dissipation, and the formation of
peroxides.

Catalyst A chemical substance that accelerates the rate of a chemical reaction by
lowering the energy of activation required for the chemical reaction to
occur.

Chemical Any element, chemical compound, or mixture of elements and/or

compounds.

chemical reactivity

The tendency of substances to undergo chemical change.

Chemical
reactivity hazard

A situation with the potential for an uncontrolled chemical reaction that
can result directly or indirectly in serious harm to people, property, or
the environment. The uncontrolled chemical reaction might be
accompanied by a temperature increase, pressure increase, gas
evolution, or other form of energy release.

Compatibility

The ability of materials to exist in contact without specified (usually
hazardous) consequences under a defined scenario.
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Term Definition

Cool-flame A relatively slow, self-sustaining, barely luminous gas-phase reaction of

ignition the sample or its decomposition products with an oxidant. Cool flames
are visible only in a darkened area.

Critical half An estimation of the half thickness of a sample in an unstirred

thickness container, in which the heat losses to the environment are less than the

retained heat. This buildup of internal temperature leads to a thermal-
runaway reaction.

Decomposition

To undergo chemical breakdown, separating into constituent parts or
elements or into simpler compounds.

Decomposition
energy

The maximum amount of energy which can be released upon
decomposition. The product of decomposition energy and total mass is
an important parameter for determining the effects of a sudden energy
release—for example, in an explosion. The decomposition energy can
occasionally be obtained from the literature or calculated theoretically.

Decomposition
temperature

See auto decomposition temperature.

deflagration

A release of energy caused by the propagation of a chemical reaction in
which the reaction front advances into the unreacted substance at less
than sonic velocity in the unreacted material. Where a blast wave is
produced with the potential to cause damage, the term explosive
deflagration may be used.

Detonation A release of energy caused by the propagation of a chemical reaction in
which the reaction front advances into the unreacted substance at greater
than sonic velocity in the unreacted material.

Differential A technique in which the temperature difference between a substance

thermal analysis

and reference material is measured as a function of temperature while
the substance and the reference material are subjected to a controlled

(DTA)

temperature program.
Differential A technique in which the difference in energy inputs into a substance
scanning and a reference material is measured as a function of temperature, while
calorimetry the substance and the reference material are subjected to a controlled
(DSC) temperature program.

Disproportionation

A chemical reaction in which a single compound serves as both
oxidizing and reducing agent and is thereby converted into a more
oxidized and a more reduced derivative; e.g., a hypochlorite upon
appropriate heating yields a chlorate and a chloride.
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Term

Definition

Endothermic

A physical or chemical change that requires or is accompanied by the
absorption of heat.

Exothermic A process or chemical reaction that is accompanied by release of heat.

Explosion A release of energy sufficient to cause a pressure wave; a rapid or
sudden release of energy that causes a pressure discontinuity or blast
wave.

Explosive A chemical that causes a sudden, almost instantaneous release of

pressure, gas, and heat when subjected to sudden shock, pressure, or
high temperature.

Extrinsic factor

As used in this publication, a factor that is not an intrinsic property of a
material being handled (see intrinsic property).

Flammable gas

(NFPA 55)-A gas that is flammable in a mixture of 13 percent or less
(by volume) with air, or the flammable range with air is wider than 12
percent regardless of the lower limit, at atmospheric temperature and
pressure.

Flammable liquid

Any liquid that has a closed-cup flash point below 100°F (37.8°C), as
determined by the test procedures described in NFPA 30 and a Reid
vapor pressure not exceeding 40 psia (2068.6 mm Hg) at 100°F
(37.8°C), as determined by ASTM D 323, Standard Method of Test for
Vapor Pressure of Petroleum Products (Reid Method). Flammable
liquids are classified as Class | as follows:

(@) Class IA liquids shall include those liquids that have flash points
below 73°F (22.8°C) and boiling points below 100°F (37.8°C).

(b) Class IB liquids shall include those liquids that have flash points
below 73°F (22.8°C) and boiling points at or above 100°F (37.8°C).

(c) Class IC liquids shall include those liquids that have flash points at
or above 73°F (22.8°C), but below 100°F (37.8°C). (NFPA 30)

Hazard A chemical or physical condition that has the potential for causing
damage to people, property, or the environment.

Hazardous Any chemical that is a physical hazard or a health hazard.

chemical
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Term Definition
Hazardous In a broad sense, any substance or mixture of substances having
material properties capable of producing adverse effects on health, safety, or the

environment. These dangers may arise from but are not limited to
flammability, explosibility, toxicity, reactivity, instability, or
corrosivity.

Health hazard A chemical for which there is statistically significant evidence based on
at least one study conducted in accordance with established scientific
principles that acute or chronic health effects may occur in exposed
employees.

Heat of reaction The total quantity of thermal energy liberated or absorbed during a
chemical reaction. (see section 4.5)

Highly flammable See Flammable Liquid Class 1A
liquid

Hot-flame ignition A rapid, self-sustaining, sometimes audible gas-phase reaction of the
sample or its decomposition products with an oxidant. A readily visible
yellow or blue flame usually accompanies the reaction.

Hydration The incorporation of molecular water into a complex molecule with the
molecules or units of another species. The complex may be held
together by relatively weak forces or may exist as a definite compound.

Hypergolic Hypergolic behavior is characterized by immediate, spontaneous
ignition of an oxidation reaction upon mixing of two or more
substances.

Incompatible The term can refer to any undesired results occurring when substances

are combined. In the context of this publication, it refers to
incompatible substances giving an undesired chemical reaction when
combined, posing a chemical reactivity hazard under a defined scenario.

Inhibitor A chemical substance used to prevent or stop a chemical reaction, such
as polymerization, from occurring.

Instability The degree of intrinsic susceptibility of a material to release energy
through self-reaction (polymerizing, decomposing, or rearranging).

Intentional The mixing or blending of chemicals designed to produce a chemical
chemistry reaction.

Intrinsic property In relation to materials, a property of the material itself, regardless of
use or environmental conditions.
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Term Definition

Isomerization The conversion of a chemical with a given molecular formula to another
compound with the same molecular formula but a different molecular
structure, such as from a straight-chain to a branched-chain hydrocarbon
or an alicyclic to an aromatic hydrocarbon. Examples include the
isomerization of ethylene oxide to acetaldehyde (both C,H,0) and
butane to isobutane (both C4H1y).

Isoperibolic system A system in which the controlling external temperature is kept constant.

Isothermal A system condition in which the temperature remains constant.

Laboratory scale Work with substances in which the containers used for reactions,
transfers, and other handling operations are designed to be easily and
safety manipulated by one person without mechanical aid. “Laboratory
scale” excludes those workplaces whose function is to produce
commercial or semi-commercial quantities of materials. Operations in a
laboratory are highly variable on a daily basis. Non-laboratory
operations often follow a “recipe” or formula with the goal of producing
a specified quantity of material usually for sale or further processing.
Operations that fit the “easily manipulated by one person” definition
above should not be considered as laboratory operations if the goal is to
produce multiple near identical batches over a period of weeks, months
or years.

Minimum ignition Electrical energy discharged from a capacitor, which is just sufficient to
energy (MIE) effect ignition of the most ignitable mixture of a given fuel-mixture
under specific test conditions.

Monomer A simple molecule that is capable of combining with a number of other
molecules to form a polymer.

MTSR Maximum Temperature Synthetic Reaction, The sum of the starting
reaction temperature all adiabatic heat rises associated with a particular
set of reaction conditions or failure modes. (see section 4.6)

Near miss An unplanned sequence of events that could have caused harm or loss if
conditions were different or were allowed to progress, but actually did
not.

Onset temperature The temperature at which a deflection from the established baseline is
first observed.
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Term

Definition

Organic peroxide

An organic compound that contains the bivalent -O—-O- structure and
which may be considered to be a structural derivative of hydrogen
peroxide where one or both of the hydrogen atoms has been replaced by
an organic radical.

Oxidation

Depending on the context, oxidation can either refer to (a) a reaction in
which oxygen combines chemically with another substance, or (b) any
reaction in which electrons are transferred. For the latter definition,
oxidation and reduction always occur simultaneously (redox reactions),
and the substance that gains electrons is termed the oxidizing agent.
Electrons might also be displaced within a molecule without being
completely transferred away from it.

Oxidizer

Any material that readily yields oxygen or other oxidizing gas, or that
readily reacts to promote or initiate combustion of combustible
materials.

More generally, an oxidizer is any oxidizing agent.

Oxidizing agent

See definition for oxidation.

Partial oxidation

The combination of oxygen with a material in an oxygen-deficient
atmosphere that generally results in carbon monoxide being one of the
combustion products.

Peroxide

A chemical compound that contains the peroxy (-O-O-) group, which
may be considered a derivative of hydrogen peroxide (HOOH).

Peroxide former

A material that reacts with oxygen or hydrogen peroxide to produce a
peroxide of the reactant.

Peroxidizable
compound

A material that reacts with oxygen or hydrogen peroxide to produce a
peroxide of the reactant. |

Physical hazard

A chemical for which there is scientifically valid evidence that it is a
combustible liquid, a compressed gas, explosive, flammable, an organic
peroxide, an oxidizer, pyrophoric, unstable (reactive), or water-reactive.

Physical The transfer, blending, mixing, grinding, sampling or other handling of

processing open packages of chemicals where no chemical reaction is expected to
occur.

Polymer Substance made of giant molecules formed by the union of simple

molecules (monomers); for example, polymerization of ethylene forms a
polyethylene chain, or condensation of phenol and formaldehyde (with
production of water) forms phenol-formaldehyde resins.
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Term Definition

Polymerizable A chemical reaction generally associated with the production of plastic
substances. The individual molecules of the chemical (liquid or gas)
react with each other to produce what can be described as a long chain

Polymerization A chemical reaction generally associated with the production of plastic
substances. The individual molecules of the chemical (liquid or gas)
react with each other to produce what can be described as a long chain.

Pressure of The pressure above which unacceptable consequences occur (see section

concern 4.9)

Pyrophoric A chemical that will ignite spontaneously in air at a temperature of
130°F (54.4°C) or below.

Note that definitions of pyrophoric from other sources may specify a
time frame, usually seconds or minutes, within which ignition must be
observed.

Quenching Abruptly stopping a reaction by severe cooling or by catalyst
inactivation in a very short time period; used to stop continuing
reactions in a process thus preventing further decomposition or

runaway.
Radioactive Substance or material which contains an elemental component that
material decomposes to a different element by ejection of mass or energy from

the nucleus of the decomposing atom.

Reaction Any transformation of material accompanied by a change of enthalpy
which may be endothermic or exothermic.

Reaction induction The time a chemical compound or mixture may be held under
time (RIT) value isothermal conditions until it exhibits a specific exothermic reaction.

Reactive chemical A substance that can pose a chemical reactivity hazard by readily
oxidizing in air without an ignition source (spontaneously combustible
or peroxide forming), initiating or promoting combustion in other
materials (oxidizer), reacting with water, or self-reacting (polymerizing,
decomposing, or rearranging). Initiation of the reaction can be
spontaneous, by energy input such as thermal or mechanical energy, or
by catalytic action increasing the reaction rate.

Reactive group A chemical substructure that evokes a specific reactivity upon the
molecule that contains it. Chemicals are grouped by these substructures
to help predict their reactivity with other chemicals.
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Term Definition

Reactivity A complete and comprehensive system for dealing with chemical
Management reactivity hazards both legally and responsibly (See Appendix D)
System

Reactivity, See chemical reactivity.

chemical

Rearrangement Disproportionation, isomerization, or tautomerization.

Runaway reaction

A reaction that is out of control because the rate of heat generation by an
exothermic chemical reaction exceeds the rate of cooling available.

Scenario

In the context of identifying incompatibilities: A detailed physical
description of the process whereby a potential inadvertent combination
of materials may occur.

Self-accelerating
decomposition
temperature
(SADT)

Certain compounds, such as organic peroxides, when held at moderate
ambient temperatures for an extended period of time, may undergo an
exothermic reaction that accelerates with increase in temperature. If the
heat liberated by this reaction is not lost to the environment, the bulk
material increases in temperature, which leads to an increase in the rate
of decomposition. Unchecked, the temperature grows exponentially to a
point at which the decomposition cannot be stopped or slowed. The
minimum temperature at which this exponential growth occurs in a
material packed in its largest standard shipping container is defined as
the self-accelerating decomposition temperature. Self-accelerating
decomposition temperature is a measure of the ease in which
decomposition occurs under normal storage conditions. It is not an
indicator of the violence of any decomposition reaction under conditions
of fire exposure or contact with incompatible materials.

Self-reactive

Capable of polymerization, decomposition, or rearrangement. Initiation
of the reaction can be spontaneous, by energy input such as thermal or
mechanical energy, or by catalytic action increasing the reaction rate.

Shock sensitive

A relatively unstable material, the energetic decomposition of which can
be initiated by merely the input of mechanical energy at normal ambient
conditions. Materials are considered as shock sensitive if they are more
easily initiated than dinitrobenzene in a standard drop-weight test.
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Term

Definition

Spontaneously
combustible

Capable of igniting and burning in air without the presence of an
ignition source. Pyrophoric materials are spontaneously combustible,
although some pyrophorics require the presence of a minimum amount
of moisture (humidity) to spontaneously ignite. Other spontaneously
combustible substances and mixtures may require more time or an
insulating environment to self-heat to the point of ignition.

Stable materials

Those materials that normally have the capacity to resist changes in
their chemical composition, despite exposure to air, water, and heat as
encountered in fire emergencies.

Strong oxidizing
agent

A chemical or substance which brings about an oxidation reaction. The
agent may (1) provide the oxygen to the substance being oxidized (in
which case the agent has to be oxygen, or contain oxygen), or (2) it may
receive electrons being transferred from the substance undergoing
oxidation. DOT defines an oxidizer or oxidizing material as a substance
which yields oxygen readily to stimulate combustion oxidation) or
organic matter.

Important: If a substance is listed as an oxidizer on the MSDS,
precautions must be taken in the handling and storage of the substance.
Keep away from flammables, combustibles and reducing agents.

Strong reducing
agent

In a reduction reaction (which always occurs simultaneously with an
oxidation reaction) the reducing agent is the chemical or substance
which (1) combines with oxygen, (2) loses electrons in the reaction. See
also, "Oxidizing Agent"

Important: If a material is listed as a reducing agent on the MSDS,
precautions must be taken in the handling and storage of the substance.
Keep separate from oxidizing agents

Tautomerizing

Converting from one isomer into another in organic compounds that
differ from one another in the position of a hydrogen atom and a double
bond.

Temperature of
concern

The temperature above which unacceptable consequences occur (see
section 4.7)

Temperature of
no return

The temperature at which the rate of heat generation of a reaction or
decomposition is equal to the maximum rate of cooling available.
Above this temperature the reaction mixture will increase in temperature
uncontrollably.
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Term Definition
Thermally A material that will undergo an exothermic, self-sustaining, or
unstable accelerating self-reaction (decomposition, polymerization, or

rearrangement) when heated to a specific temperature for given
conditions of pressure, volume, composition, and containment. Thus,
the self-reaction can be initiated by thermal energy alone.

Time to thermal An estimation of the time required for an exothermic reaction, in an
runaway (TMR)  adiabatic container, (that is, no heat gain or loss to the environment), to
reach the point of thermal runaway.

Toll manufacturer Contract manufacturer (external manufacturer).

Unstable material A material that, in the pure state or as commercially produced, will
vigorously polymerize, decompose, or condense, become self-reactive,
or otherwise undergo a violent chemical change under conditions of
shock, pressure, or temperature.

Warehousing The handling of sealed packages of chemicals for the sole purposes of
storage and distribution.

Water reactive A material that will react upon contact with water under normal ambient
conditions. Includes materials that react violently with water and other
materials that react slower but can generate heat or gases that can result
in elevated pressure if contained.
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F.3 Pertinent References on Common Pure Componant Hazards

F.3.1 Safe Storage and Handling of Spontaneously Combustible Materials

Gudelines for the Safe Storage and Handling of Reactive Materials, Center for Chemical Process Safety
of the American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

Essential Practices for Managing Reactivity Hazards, Center for Chemical Process Safety of the
American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

Guidelines for Chemical Reactivity Evaluation and Application to Process Design; Center for Chemical
Process Safety of the American Institute of Chemical Engineers, New York, NY (1995);
www.aiche.org/ccps

Guidelines for Engineering Design for Chemical Process Safety, Center for Chemical Process Safety of
the American Institute of Chemical Engineers, New York, NY (2003); www.aiche.org/ccps

Guidelines For The Safe Handling of Powers and Bulk Solids; Center for Chemical Process Safety of the
American Institute of Chemical Engineers, New York, NY (2005); www.aiche.org/ccps

Organoaluminum Compounds; J. Mole and EA Jeffery (1972); Elsevier Publishing Company,
Amsterdam, The Netherlands

Hazardous Chemicals Handbook; PA Carson and CJ Mumford (1994); Elsevier Publishing Company,
Amsterdam, The Netherlands

Loss Prevention in the Process Industries, Frank P. Lees, Third Edition; Elsevier —Butterworth-
Heinmann, Burlingtom, MA (2005); www.elsevier.com

NFPA 400 Hazardous Chemicals Code, National Fire Protection Association, Quincy MA;
www.nfpa.org

NFPA 15 Standard for Water Spray Fixed Systems for Fire Protection, National Fire Protection
Association, Quincy MA; www.nfpa.org

NFPA 432 Code for the Storage of Organic Peroxide Formulations; National Fire Protection Association,
Quincy MA; www.nfpa.org

NFPA 484 Standard for Combustible Metals; National Fire Protection Association, Quincy MA;
www.nfpa.org

NFPA 654 Standard for the Prevention of Fire and Dust Explosions from the Manufacturing, Processing,
and Handling of Combustible Particulate Solids; National Fire Protection Association, Quincy MA,
www.nfpa.org

NFPA 654, Standard for the Prevention of Fire and Dust Explosions from the Manufacturing,
Processing, and Handling of Combustible Particulate Solids, National Fire Protection Association,
Quincy MA; www.nfpa.org

Fire Protection Handbook; National Fire Protection Association, Quincy MA; www.nfpa.org
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Primer on Spontaneous Heating and Pyrophoricity; US Department of Energy, Washington, DC;
www.doe.gov

Handling Procedures for Organometalics; Albemarle Corporation, Baton Rouge, LA;
www.albemarle.com

Creating the Right Chemistry - Metal Alkyls from Akzo Nobel; Akzo Nobel Polymer Chemicals, Chicago,
IL (2003); www.akzonobel-polymerchemicals.com

Personal Protective Equipment for Handling Metal Alkyals; Akzo Nobel Polymer Chemicals, Chicago,
IL (2003); www.akzonobel-polymerchemicals.com

Metal Alkyals and Their Burning Properties; Akzo Nobel Polymer Chemicals, Chicago, IL (2003);
www.akzonobel-polymerchemicals.com

Pyrophoricity of Metal Alkyals; Akzo Nobel Polymer Chemicals, Chicago, IL (2003); www.akzonobel-
polymerchemicals.com

Unloading Procedure for Metal Alkyals in C-Type Portable Tanks; Akzo Nobel Polymer Chemicals,
Chicago, IL (2003); www.akzonobel-polymerchemicals.com

Control of Metal Alkyl Fires; Akzo Nobel Polymer Chemicals, Chicago, IL (2003); www.akzonobel-
polymerchemicals.com

Metal Alkyls and Their Solutions; Akzo Nobel Polymer Chemicals, Chicago, IL (2003); www.akzonobel-
polymerchemicals.com

UnloadingProcedures for Metal Alkyls in ISO Portable Tanks; Akzo Nobel Polymer Chemicals, Chicago,
IL (2003); www.akzonobel-polymerchemicals.com

Disposal of Metal Alkyl Residues; Akzo Nobel Polymer Chemicals, Chicago, IL (2003);
www.akzonobel-polymerchemicals.com

F.3.2 Safe Storage and Handling of Self Reacting Materials

Guidelines for the Safe Storage and Handling of Reactive Materials, Center for Chemical Process Safety
of the American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

Essential Practices for Managing Reactivity Hazards, Center for Chemical Process Safety of the
American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

Guidelines for Chemical Reactivity Evaluation and Application to Process Design; Center for Chemical
Process Safety of the American Institute of Chemical Engineers, New York, NY (1995);
www.aiche.org/ccps

Guidelines for Engineering Design for Chemical Process Safety, Center for Chemical Process Safety of
the American Institute of Chemical Engineers, New York, NY (2003); www.aiche.org/ccps

Hazardous Chemicals Handbook; PA Carson and CJ Mumford (1994); Elsevier Publishing Company,
Amsterdam, The Netherlands

Copyright © 2012 AIChE Page |212



http://www.doe.gov/
http://www.albemarle.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.akzonobel-polymerchemicals.com/
http://www.aiche.org/ccps
http://www.aiche.org/ccps
http://www.aiche.org/ccps

RMT Help Guide v1.0 January 2012

Loss Prevention in the Process Industries, Frank P. Lees, Third Edition; Elsevier —Butterworth-
Heinmann, Burlingtom, MA (2005); www.elsevier.com

NFPA 400 Hazardous Chemicals Code, National Fire Protection Association, Quincy MA;
www.nfpa.org

NFPA 15 Standard for Water Spray Fixed Systems for Fire Protection, National Fire Protection
Association, Quincy MA; www.nfpa.org

NFPA 68, Standard on Explosion Protection by Deflagration Venting, National Fire Protection
Association, Quincy MA; www.nfpa.org

NFPA 69, Standard on Explosion Prevention Systems, National Fire Protection Association, Quincy MA,
www.nfpa.org

NFPA 432 Code for the Storage of Organic Peroxide Formulations, National Fire Protection Association,
Quincy MA; www.nfpa.org

NFPA 35 Standard for the Manufacture of Organic Coatings, National Fire Protection Association,
Quincy MA; www.nfpa.org

Popcorn Polymer Resource Book, 1,3-Butadiene; International Institute of Synthetic Rubber Producers,
Inc. (1995; www.iisrp.com

F.3.3 Safe Storage and Handling of Oxidizers and Peroxide Formers

Guidelines for the Safe Storage and Handling of Reactive Materials, Center for Chemical Process Safety
of the American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

R.W. Johnson, S.W. Rudy and S.D. Unwin, Essential Practices for Managing Chemical Reactivity
Hazards, Center for Chemical Process Safety of the American Institute of Chemical Engineers, New
York, NY (2003); www.aiche.org/ccps

Guidelines for Chemical Reactivity Evaluation and Application to Process Design; Center for Chemical
Process Safety of the American Institute of Chemical Engineers, New York, NY (1995);
www.aiche.org/ccps

Guidelines for Engineering Design for Chemical Process Safety, Center for Chemical Process Safety of
the American Institute of Chemical Engineers, New York, NY (2003); www.aiche.org/ccps

Hazardous Chemicals Handbook; PA Carson and CJ Mumford (1994); Elsevier Publishing Company,
Amsterdam, The Netherlands

S. Mannan (ed.), Loss Prevention in the Process Industries, Third Edition; Elsevier —Butterworth-
Heinmann, Burlingtom, MA (2005); www.elsevier.com

NFPA 400, Hazardous Chemicals Code, National Fire Protection Association, Quincy MA,;
www.nfpa.org

NFPA 15 Standard for Water Spray Fixed Systems for Fire Protection, National Fire Protection
Association, Quincy MA; www.nfpa.org
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NFPA 68, Standard on Explosion Protection by Deflagration Venting, National Fire Protection
Association, Quincy MA; www.nfpa.org

NFPA 69, Standard on Explosion Prevention Systems, National Fire Protection Association, Quincy MA,;
www.nfpa.org

NFPA 430, Code for the Storage of Liquid and Solid Oxidizers, National Fire Protection Association,
Quincy MA; www.nfpa.org

NFPA 432, Code for the Storage of Organic Peroxide Formulations, National Fire Protection Association,
Quincy MA; www.nfpa.org

NFPA 35, Standard for the Manufacture of Organic Coatings, National Fire Protection Association,
Quincy MA; www.nfpa.org

Popcorn Polymer Resource Book, 1,3-Butadiene; International Institute of Synthetic Rubber Producers,
Inc. (1995; www.iisrp.com

F.3.4 Safe Storage and Handling of Water reactives

Guidelines for the Safe Storage and Handling of Reactive Materials, Center for Chemical Process Safety
of the American Institute of Chemical Engineers, New York, NY (1995); www.aiche.org/ccps

R.W. Johnson, S.W. Rudy and S.D. Unwin, Essential Practices for Managing Chemical Reactivity
Hazards, Center for Chemical Process Safety of the American Institute of Chemical Engineers, New
York, NY (2003); www.aiche.org/ccps

Guidelines for Chemical Reactivity Evaluation and Application to Process Design; Center for Chemical
Process Safety of the American Institute of Chemical Engineers, New York, NY (1995);
www.aiche.org/ccps

Guidelines for Engineering Design for Chemical Process Safety, Center for Chemical Process Safety of
the American Institute of Chemical Engineers, New York, NY (2003); www.aiche.org/ccps

Hazardous Chemicals Handbook; PA Carson and CJ Mumford (1994); Elsevier Publishing Company,
Amsterdam, The Netherlands

S. Mannan (ed.), Loss Prevention in the Process Industries, Third Edition; Elsevier —Butterworth-
Heinmann, Burlingtom, MA (2005); www.elsevier.com

Kapias, T., R. F. Griffiths, and C. Stefanidis (2001). "REACTPOOL.: a Code Implementing a New Multi-
Compound Pool Model That Accounts for Chemical Reactions and Changing Composition for Spills of
Water Reactive Chemicals.” Journal of Hazardous Materials A81, 1-18
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Appendix G: Known Programming Bugs

Many of the bugs found thus far involve improper display of information. Thus far most of these
are easily resolved by closing the program and then reopening the program and reloading the
process. It is therefore recommended that the user close the program and then open and reload
the process prior to printing reports or viewing results. No saved data is lost during this process.

The Reactivity groups of custom chemicals added to the process will sometimes display
incorrectly in the “Process Chemicals” window. This issue corrects itself when the user
advances to the next screen which is “Missing Chemical Data”. Once the requested missing data
is entered, use the previous button to view the Process Chemicals screen which will now display
correctly.

The flow of the program can cause incomplete reports unless you have passed certain key steps
in the evaluation protocol. The Chemical reactivity evaluation Report — Evaluate Pure-
component hazards tab will not contain complete information until certain tabs in the process
protocol have been visited. You must proceed past the Warehousing question by either
answering “physical or chemical processing may occur in this area” or answering that only
storage is occurring but checking the check box stating that you wish to continue with the rest of
the protocol anyway and then the Next button. Once this point in a particular process has been
passed, the updates will occur by clicking on any tab beyond this point. See the screen shot in the
Worked examples section 5.0.9. Should any custom chemical information be changed or a new
custom chemical added to the process, the information will not update until you visit any tab
later in the protocol than the “identify PHA Process” tab under the Main tab of “chemical
Reactivity Hazards”

Exporting to Reports to Excel:

B x|
Error You typed an invalid name for a sheet or chart. Make sure that:
« The name that you type does not exceed 31 characters.

« The name does not contain any of the following characters: ¢ 4 f 2 = [ or ]
« You did not leave the name blank.

Process name can not contain any special characters or be longer than 31 characters. The
program Process window will allow this without caution or error message but exports to excel
will be disabled. Because process names cannot be changed, you must start over with a
conforming process name.
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Afterword: Future Direction

As currently implemented, the chemical reactivity evaluation tool gives the basic framework for
identifying and evaluating chemical reactivity hazards.

Future revisions of the NOAA CAMEO database will contain DOT labels for many entries.
Indeed the current database contains some DOT label entries in a un-data checked beta form.
Because the data checked version of CAMEO was not available during the programming, the
decision was made to require the user to input all DOT codes. Future releases will likely extract
this data from the updated CAMEO database.

This tool currently utilizes manually inputted data available from MSDS and literature data to
help develop reactivity scenarios. However, for new chemicals, information such as heats of
reaction, heat capacities are not readily available. Empirical methods to determine this
information are available but require comprehensive and time consuming analytical work.

Future enhancements for this software tool should focus on the use of computational programs
such as CHETAH® for predicting thermochemical properties and certain “reactive chemicals"
hazards associated with a pure chemical, a mixture of chemicals, or a chemical reaction.

The integration of CHETAH® " and other computational approaches in the reactivity tool can
accomplish the prediction of thermochemical properties using the molecular structure(s) of new
chemical materials at an early stage of process development helping to avoid or control reactivity
hazards.

These computational results can provide early reactivity guidance and should be used to
complement experimental work to help identify the need for further reactivity testing in the areas
of impact sensitivity and/or flammability.

Further enhancement of the process for importing and exporting the process and custom
chemical databases should be considered. The ability to import a process or custom chemical
into ones existing databases rather than the current method of replacing ones files would enable
easy sharing of data between multiple users.

It has also been suggested that the warehouse separation distances be editable by the user. This

could be accomplished by reading them from a user editable table rather than hard coding them
into the program.

Copyright © 2012 AIChE Page |216



RMT Help Guide v1.0 January 2012

Index

NET oo, 10, 26, 28, 44
Accelerating Rate Calorimeter........ See ARC
ACR9031GPA.......ceeveree. 122,123,124
Adding custom chemicals................. 53,112

adiabatic heat rise61, 64, 102, 104, 105, 135,
157, 159

Adiabatic Temperature Rise ........... 103, 131
AIChE ... 5,8,12, 80, 195
ARC ..o 195
ASME ... 133, 153
Bhopal ..o 8, 12
Binary chemical interactions..... 59, 125, 147
Binary interaction matrix .. Reactivity Matrix
Calorimetry .....coceeeeveeveeeieerees 102, 195
CAMEO......... See NOAA CAMEOQ database
CCPS.....5,6,7,8,12, 13,99, 107, 195, 196

Chemical reactivity hazard 8, 12, 13, 14, 20,
21, 23, 25, 196, 198, 206, 216

Chemical reactivity management........ 8, 139
CHETAH .......cceee 100, 149, 195, 216
Credible SCeNarios ..........ccoveverenesennninns 99
CRW2Z..... e 11
CSB et 11
Custom Chemicals..........cccoocevvevviinnnennn. 52
Decomposing materials....................... 87,90
Deselect secondary DOT label.... 53, 55, 191
DOT codes............ 13, 55, 79, 114, 143, 186
Explosive .............. 24,94, 187, 189, 190, 201
File MENU ..o 48
Flowchart ........ccoooveiveiiceceee e 15
FMEA ..o 99
GPA ..o See ACR 9031 GPA
HAZOP ..o 99
Heat capacity....... 64, 65, 103, 104, 157, 158

Heat of reaction.... 57, 61, 64, 100, 101, 102,
103, 104, 131, 145, 147, 153, 157, 202

Hidden hazards...........c.ccooevviiiiiiieiieen, 13
HypergoliC........ccoovvvvneiiieninins 81, 83, 202
Intentional chemistry ...........cccceveiienn. 202
Laboratory Scale.......... 21,50, 108, 141, 203
Material of construction..................... 14,78
Maximum Adiabatic Temperature............ 64
Maximum Pressure ........c.cccoevevveveesveenin. 66
Maximum Reaction pressure ................. 104
MWAP ...t 133
Copyright © 2012 AIChE

[N\ F=To] o PO See Napp Technologies
Napp Technologies ........c...ccccueneee. 116, 122
NOAA CAMEO database... 50, 51, 108, 141
Onset temperature . 89, 90, 99, 100, 103, 203

Oxidation reactions..........ccccevererenesnninns 14
Oxidizer............. 14, 83, 92, 93, 94, 190, 204
Peroxide ......ccooeveriennnne 79, 92, 95, 117, 204
PHA. ... 11,57, 99, 100, 195
Phi-factor.........ccocvvviiiiie e 101
Physical Processing.........ccccccvevenervnnnnn. 122
Polymerization .................... 85, 89, 187, 205
Pressure of CONCerN .......ccccvevvevieiieieenns 68
Primary DOT code............ 53,110, 111, 142
Process hazard analysis methods............... 99
Process Safety Management ......... 7,99, 195
PSM........... See Process Safety Management
Pure component hazards ..... 59, 76, 124, 136

Pure component reactivity hazard....See Pure
component hazards

pyrophoric materials ...........cc....... 14, 81, 83

Pyrophoric materials................... 81, 83, 207

RBPS............. See Risk Based Process safety
Management

Reactive chemical hazard ........ See Chemical
reactivity hazard

Reactivity Evaluation report..................... 75

Reactivity groups...... 53,110, 111, 124, 142

Reactivity hazard Group ................... 53, 111

Reactivity Management System . 9, 139, 196
Reactivity matrix.... 13, 48, 72, 76, 100, 116,
133, 137, 148

Reality checK.......c.ccoovviviiviiiieee 72, 106
Report generation.............cccceveeveeuenee. 4,136
Risk Based Process Safety Management.. 99
RMR...cooiiieeee, 5,8, 20, 21, 195
RMT custom Database..........ccccceervvrveenee. 109
RMTQADB.MAf ... 46
RMTQADB _log.Idf........cccovevieriiiiriieee, 45
Scenario analysis.........cccevvvevveiiieiie e, 138
Secondary DOT labels............... 52,110, 116
Self reactive materials........... 85, 89, 91, 206
Serious incident..........ccocvveeevvereeeennee, 14, 132
SEVESO .vveieiiieecitee ettt 12
Shock sensitive.........cccceeeervennnne 85, 88, 206
Special hazards.............. 13,53, 76, 111, 194

Page | 217



RMT Help Guide v1.0 January 2012

Special hazards group ....See Special hazards
Spontaneously combustible materials....... 80

SOL ot 26
Strong oxidizing agent...........ccccveeveeneene. 207
Strong reducing agent .........cccceeeverennnn 207
T2 Laboratories.......ccovvvvvevevenenesenienns 12

Temperature of concern..... 65, 68, 103, 104,
158, 160, 207
TOUIOUSE ... 12

vs. Chemical Processing

Copyright © 2012 AIChE

TOXICILY . 13, 14, 202

Traditional hazard evaluation techniques . 99

U.S. Chemical Safety and Hazard
Investigation Board..................... See CSB

Warehousing... 23, 48, 55, 70, 115, 116, 143,
194

Warehousing Segregation report............... 70
Water reactive material...................... 95, 208
What if ..o, 99

Page | 218



