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Reported Incidents and Injuries continue to raise and 
be a national concern

2



LAB SAFETY INITIATIVE

Assess safety practices in 
academic & industrial labs

Develop tools and best practices 
for lab safety evaluation

Compile best lab practices
Analyze current lab safety practices

Identify good practices and areas 
for improvement

Survey Academic & Industrial 
R&D labs

Develop software tool to identify 
and quantify potential hazards 

Maintain database of standard 
operating procedures for high 
hazard procedures 

Collaboration between CISTAR and P2SAC to document and 
address the lab-scale risks – funded by NSF
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Tools for Reactivity Hazards Evaluation 
• Commonly used tools: 

• CHETAH (ASTM), CAMEO (NOAA), CRW (Chemical Reactivity Worksheet)

• RAST (Risk Analysis Screening Tool), CHEF (Chemical Hazard Engineering 
Fundamentals)

Website: engineering.purdue.edu/CISTAR/rheact



Website: engineering.purdue.edu/CISTAR/rheact

Online tool front page



§ Chemical system 
description

§ Operating 
conditions

§ Safety Data Sheets 
(SDS)

§ Physical properties
§ Chemical properties

Inputs Process Block

§ Final system 
temperature 
(following adiabatic 
change)

§ Handling hazard 
matrix

§ Chemical 
compatibility matrix

Outputs

§ Data parsing 
module

§ Adiabatic change 
calculations

§ Hazard matrix 
evaluation

§ CAMEO (NOAA)[1]

query for chemical 
compatibility 
analysis
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Tool Backend Tool GUITool GUI

RHEACT workflow

[1] https://cameochemicals.noaa.gov/reactivity



Begin

User Inputs
Operating Parameters, System Info., 
Reactant and Product SDS

Are the SDSs for the 
reactants and products 

available online?

Manual Input for 
reactant properties

Yes

No

Upload SDS for PDF 
parsing

Hazard Report
Adiabatic T rise
H-phrase matrix 

Chemical compatibility matrix 

Data flowchart for RHEACT
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Calculation Block, Hazard 
Parsing, CAMEO chemical 

compatibility query 



Begin

User Inputs
Operating Parameters, System Info., 
Reactant and Product SDS

Are the SDSs for the 
reactants and products 

available online?

Manual Input for 
reactant properties

Yes

No

Upload SDS for PDF 
parsing

Calculation Block, Hazard 
Parsing, CAMEO chemical 

compatibility query 

Hazard Report
Adiabatic T rise
H-phrase matrix 

Chemical compatibility matrix 

Data flowchart for RHEACT
• Pdftotext module used to parse the 

supplied SDSs using regular 
expressions (regex).

• This information is sent back to the front-
end to be displayed. 
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Sigma-Aldrich 
SDS



Dataset of ~300 chemicals with their physical and 
chemical properties (imported from RAST). 

Autofill inputs that are not available from the user

Adiabatic temperature rise

∆𝑇!"= −
∆𝐻#$% 𝑇
𝐶&,()$ 𝑇

𝑇* = 𝑇 + ∆𝑇!"

𝑇!" ℃ : Adiabatic Temperature Change

𝑇!(℃ ): Final System Temperature

𝐶",$%&: Specific heat for the mixture

𝑇(℃ ): Operating Temperature

∆𝐻'&( 𝑇
)*+
, : Heat of reaction at Operating Temperature

Begin

User Inputs
Operating Parameters, System Info., 
Reactant and Product SDS

Are the SDSs for the 
reactants and products 

available online?

Manual Input for 
reactant properties

Yes

No

Upload SDS for PDF 
parsing

Hazard Report
Adiabatic T rise
H-phrase matrix 

Chemical compatibility matrix 

Data flowchart for RHEACT
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Calculation Block, Hazard 
Parsing, CAMEO chemical 

compatibility query 

Calculation Block

User provided
Estimated or 
User provided



Operational Hazard Matrix
• Parse H-phrases (Hazard codes) from uploaded SDS
• Logic for categorizing each H-phrase into operational hazards provided by 

Corteva Agriscience 
• Severity assigned for each operational hazard expressed as a color code 
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Compile and visualize all the Hazards in one condensed format 

Water Acetone Chloroform Sodium Hydroxide



Chemical Compatibility Matrix

• Model pair-wise interactions to simulate chemical mixing 

• CAMEO’s chemical reactivity assessment tool[1]

• Selenium WebDriver to automate web browser interaction and query the 
chemicals defined in the reaction mixture on the CAMEO[1] chemical data set 
website

• The Selenium module emulates a user accessing the website and generating the 
compatibility matrix 

• The generated matrix is imported in the tool as an HTML object 
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[1] https://cameochemicals.noaa.gov/reactivity



Begin

WebDriver instance

Does entry for the 
compound in dataset 

match the query?
Add the compound 
to ‘MyChemicals’

Yes

No

Headless web browser instance for minimal 
overhead

Visit Cameo 
chemical dataset 

website

Query for 
compound name

Query for CAS-ID
Does entry for the 

compound in dataset 
match the query?

Yes

No Warning

‘Predict reactivity’
and export the 
table as HTML 

attribute

List of names and 
CAS-ID

Obtained from the in-house MSDS-PDF 
parser

For all entries

Chemical Compatibility Matrix

13

Logic Flow



Chemical Compatibility Matrix

14

Pair-wise matrix generated for the compounds found in the Cameo dataset



Case Studies to validate RHEACT
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• University of Hawaii Incident (March 2016)
• Sodium Azide Explosions 
• University of Pennsylvania Chemistry Building Incident 

(August 2020)
• T2 Laboratories incident (December 2007)

[1] A. D. Talpade et al., “Promoting a Safe Laboratory Environment Using the Reactive Hazard Evaluation and Analysis 
Compilation Tool,” ACS Chem. Heal. Saf., vol. 28, no. 2, pp. 134–143, Mar. 2021.



Case Studies to validate RHEACT
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• University of Hawaii Incident (March 2016)
• Sodium Azide Explosions 
• University of Pennsylvania Chemistry Building Incident 

(August 2020)
• T2 Laboratories incident (December 2007)

– demonstrates RHEACT utility beyond lab & pilot plant
– studied as a case study for RAST (Risk Analysis Screening 

Tool)[2]

[1]A. D. Talpade et al., “Promoting a Safe Laboratory Environment Using the Reactive Hazard Evaluation and Analysis Compilation Tool,” ACS 
Chem. Heal. Saf., vol. 28, no. 2, pp. 134–143, Mar. 2021.
[2] https://www.aiche.org/ccps/resources/tools/risk-analysis-screening-tool-rast-and-chemical-hazard-engineering-fundamentals-chef/case-studies



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion

On December 19, 2007, an explosion at T2 Laboratories, Inc., (Jacksonville, FL) 
killed 4, injured 32, and destroyed multiple businesses. 

The explosion was due to a runaway exothermic reaction that occurred in a 
chemical batch reactor during the production of MCMT (an octane increasing 
gasoline additive)
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Photo courtesy: The U.S. Chemical Safety Board. T2 Laboratories Inc. Reactive Chemical Explosion. https://www.csb.gov/t2-
laboratories-inc-reactive- chemical-explosion/ 



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion

• T2 manufactured MCMT in three steps

• The first step of the reaction (metalation reaction) requires heating to initiate the 
reaction

• All other steps are exothermic (heat-producing) and required cooling

Metalation Schematic
(Intended Reaction)

methylcyclopentadiene (MCPD) sodium methylcyclopentadiene
diethylene glycol dimethyl ether

(diglyme)
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Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion

1. A desired exothermic reaction in the metalation step ran away due to a cooling 
system failure, leading to a second (undesired) exothermic reaction. 
• Exothermic decomposition of diethylene glycol dimethyl ether (diglyme)

solvent in the presence of sodium or possibly sodium 
methylcyclopentadiene 

2. The T2 owner/chemical engineer designed the pressure relief system for normal 
operating conditions

3. The T2 owners were likely unaware of the second exothermic reaction (solvent 
decomposition) that occurred in the batch recipe at high temperatures. 

4. Neither of the T2 owners had prior reactive chemistry experience, despite being 
a chemical engineer / chemist
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Key findings (as summarized by CSB Final report. 2009)[1] :

[1] The U.S. Chemical Safety Board. T2 Laboratories Inc. Reactive Chemical Explosion. https://www.csb.gov/t2-laboratories-
inc-reactive- chemical-explosion/ 



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion
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1. Setup Metalation reaction in RHEACT



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion
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2. Output from H-phrase parsing



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion

• The incompatibility of sodium and diethylene glycol dimethyl ether (diglyme) 
is evident from the compatibility analysis

• Such a preliminary analysis could help researchers identify key risk areas
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3. Pair-wise chemical compatibility



Case Study: 
T2 Laboratories Inc. Reactive Chemical Explosion

The adiabatic change calculations using RHEACT provide a preliminary 
caution and urge the user to undertake additional hazard review
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Reactant 1: Methylcyclopentadiene Dimer (MCMT)
Reactant 2: Diethylene glycol dimethyl ether (diglyme)
Reactant 3: Sodium

Product 1: Sodium Cyclopentadiene
Product 2: Hydrogen

The final stage temperature following 
adiabatic change exceeds the secondary 
reaction (diglyme solvent decomposition 
@ 190°C) onset

The final stage temperature following 
adiabatic change exceeds boiling point of 
certain reactants and products

The users must know the process chemistry  

Operating temperature: 150°C



Conclusions

Website: engineering.purdue.edu/CISTAR/rheact

• RHEACT, a free and online risk-assessment tool can help in the initial hazard 
assessment of reaction systems – making preliminary hazard evaluation 
approachable 

• Platform to analyze, compile, and predict the hazards associated with 
handling and storage of individual components and mixtures 

• Enhancements being considered –
• Personal Protective Equipment (PPE) proposals, additional analyses using 

RAST 
• Compiling laboratory best practices and complementary safety resources 

(videos, documents, guides, etc.). 
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