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This tutorial represents part I of a six-part series on “Best Practices for Calculation of 

Self Accelerating Reaction Temperatures (TSA) for Reaction Systems” 
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Part I – Data Reduction

Part II – Kinetic Model Development

Part III – Semenov Approach, Simplified and 

Dynamic

Part IV - Kamenetskii Approach, 1D/2D, Simplified 

and Dynamic

Part V – Case Studies

Part VI – UN and DOT Requirements



What you are expected to learn from this tutorial includes
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How to prepare a forever green chemical 

reaction data set

How to process, visualize, and reduce the 

data set

How to analyze the reduced data set

How to calculate thermal stability 

indicators

How to calculate TNR, TSA, and tMR

How to generate summary reports and 

graphics

Key References:

G. A. Melhem, S. Grenier, and L. Ding, 

“Thermal stability indicators”, an ioMosaic 

Corporation white paper, August 2021.

G. A. Melhem, “Development of kinetic 

models – Part I. Thermal Stability”, an 

ioMosaic Corporation white paper, August 

2022.

G. A. Melhem, “Development of kinetic 

models – Part II. Pressure Relief 

Systems”, an ioMosaic Corporation white 

paper, August 2022.



We use a variety of calorimetry data in the development of 

process safety information (PSI)
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Typical instruments used include the ARC, APTAC, VSP2, DSC, TGA, TAM, etc.

Measured data is provided in a variety of formats

Many formats have been obsoleted over time and access to old data can be 

lost

We have developed a universal data taxonomy and data reduction tools that 

can be used in conjunction with SuperChems to preserve this valuable data

The data reduction tools include visualization, regression, and simplified kinetic 

model development

Data can be exchanged and does not require special tools to read and process



The universal taxonomy is based on flat ASCII files with 

keywords - Identification
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Keyword Function Usage

C Provide a comment that is not 

reported in data summary

C = “This is a comment”

Instrument Define instrument, ARC, APTAC, 

RSST, ARSST, VSP, VSP2, DSC, 

TGA, VariPhi, OTHER 

Instrument = “ARC" 

Author Define data set author Author = “G. A. Melhem”

Date Define data set date Date = “October 18, 2022”

Comment Provide a comment that is reported 

in data summary

Comment = “This is comment 1”

Comment = “This is comment 2”

SampleDescription Overall sample description SampleDescription = “EO + Water 

+ NaOH”



The universal taxonomy is based on flat ASCII files with 

keywords - Time
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Keyword Function Usage

TimeLocation Specify index of time data TimeLocation = 0

TimeUnit Specify time unit,  hr, min, s, day, week, yr TimeUnit = hr

TimeOffset Offset time data TimeOffset = 5.3

TimeStart Specify starting time for data reduction TimeStart = 0

TimeEnd Specify ending time for data reduction TimeEnd = 7000



The universal taxonomy is based on flat ASCII files with 

keywords – Mass (always in grams)
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Keyword Function Usage

MassLocation Specify mass data index MassLocation = 2

MassPercentLocation Specify mass percent data index 

(optional)

MassPercentLocation = 3

MassRateLocation Specify change of mass with 

respect time index (optional)

MassRateLocation = 4



The universal taxonomy is based on flat ASCII files with 

keywords - Temperature
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Keyword Function Usage

TempLocation Specify index of temperature data TempLocation = 0

TempUnit Specify temperature unit,  C, K, R, F TempUnit = C

TempOffset Offset temperature data TempOffset = 0.0

TempRateLocation Specify change of temperature with time 

(optional)

TempRateLocation = 1



The universal taxonomy is based on flat ASCII files with 

keywords - Pressure

© ioMosaic Corporation 10

Keyword Function Usage

PresLocation Specify index of pressure data PresLocation = 0

PresUnit Specify pressure unit, atm, bara, dyn/cm2, 

ftH2O, g/cm2, inHg, inH2O, kg/cm2a, kPa, 

Mpa, mmHg, Pa, psia, psig, lb/ft2, pdls/ft2, 

barg, kPag,Mpag, kg/cm2g, mbara, mbarg

PresUnit = psia

PresRateLocation Specify change of pressure with time 

(optional)

PresRateLocation = 1



The universal taxonomy is based on flat ASCII files with 

keywords – Operating Mode
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Keyword Function Usage

ModeLocation Specify index of operating mode data ModeLocation = 0

ModeIdle Specify numeric value of Idle mode ModeIdle = 13

ModeCalibrate Specify numeric value of calibration mode ModeCalibrate = 14

ModeManual Specify numeric value of manual mode ModeManual = 15

ModeExotherm Specify numeric value of exotherm mode, 

this is needed for automatic calculations by 

SuperChems

ModeExotherm = 4

ModeWait Specify numeric value of wait mode ModeWait = 3

ModeCool Specify numeric value of cool mode ModeCool = 2

ModeSearch Specify numeric value of search mode ModeSearch = 6

ModeEndotherm Specify numeric value of endotherm mode ModeEndotherm = -1

ModeSelect Specify numeric value of data to be selected ModeSelect = 4



The universal taxonomy is based on flat ASCII files with 

keywords (Sample Chemicals, multiple entries)
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Keyword Function Usage

SampleName Component name SampleName = “1,3-Butadiene”

SampleCAS CAS number, preferred SampleCAS = “12456-23”

SampleID SuperChems databank ID number 

(not recommended)

SampleID = -1

SampleDesc Chemical description SampleDesc = “Proprietary Blend”

SampleCP Heat capacity in cal/g/C SampleCP = 0.5 cal/g/C

SampleVolume Sample volume in ml SampleVolume = -1 ml

SampleMass Sample mass, in gms SampleMass = 2.3 gm

…. ….

FinalTotalMass Final mass after test is completed 

and test cell is opened

FinalTotalMass = 0.6 gm

Only of sample identification keyword is required. Use -1 for properties for automatic calculation by SuperChems. Keywords must be provided in this 

order. Multiple chemicals are allowed using multiple entries.



The universal taxonomy is based on flat ASCII files with 

keywords (Pad Gas)
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Keyword Function Usage

PadGasName Pad gas component name PadGasName = “Nitrogen”

PadGasCAS CAS number, preferred PadGasCAS = “12456-23”

PadGasID SuperChems databank ID number 

(not recommended)

PadGasID = -1

Only one pad gas entry is allowed.



The universal taxonomy is based on flat ASCII files with 

keywords (Test Cell)
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Keyword Function Usage

TestCellMaterialName Material name TestCellMaterialName = “Hastelloy-C”

TestCellMaterialCAS CAS number, preferred TestCellMaterialCAS = “12456-23”

TestCellMaterialID SuperChems databank ID 

number (not recommended)

TestCellMaterialID = 1291

TestCellCP Heat capacity in cal/g/C TestCellCP = 0.1 cal/g/C

TestCellVolume Test cell volume in ml TestCellVolume = 9.8 ml

TestCellMass Test cell mass, in gms TestCellMass = 17.0 gm

Only one test cell data set is allowed



The universal taxonomy is based on flat ASCII files with 

keywords (Fittings)
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Keyword Function Usage

FittingsMaterialName Material name FittingsMaterialName = “STEEL”

FittingsMaterialCAS CAS number, preferred FittingsMaterialCAS = “12456-23”

FittingsMaterialID SuperChems databank ID 

number (not recommended)

FittingsMaterialID = 1291

FittingsCP Heat capacity in cal/g/C FittingsCP = 0.1 cal/g/C

FittingsMass Fittings mass, in gms FittingsMass = 0.1 gm

Only one fittings data set is allowed



The universal taxonomy is based on flat ASCII files with 

keywords (Foil)
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Keyword Function Usage

FoilMaterialName Material name FoilMaterialName = “Aluminum”

FoilMaterialCAS CAS number, preferred FoilMaterialCAS = “12456-23”

FoilMaterialID SuperChems databank ID 

number (not recommended)

FoilMaterialID = -1

FoilCP Heat capacity in cal/g/C FoilCP = -1 cal/g/C

FoilMass Foil mass, in gms FoilMass = 0.05 gm

Only one foil data set is allowed



The universal taxonomy is based on flat ASCII files with 

keywords (Stirrer)
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Keyword Function Usage

StirrerMaterialName Material name StirrerMaterialName = “STEEL”

StirrerMaterialCAS CAS number, preferred StirrerMaterialCAS = “12456-23”

StirrerMaterialID SuperChems databank ID 

number (not recommended)

StirrerMaterialID = -1

StirrerCP Heat capacity in cal/g/C StirrerCP = -1 cal/g/C

StirrerMass Stirrer mass, in gms StirrerMass = 1.0 gm

StirringStateLocation Stirring state data location StirringStateLocation = 11

StirringPowerLocation Stirring power data location, 

mW

StirringPowerLocation = 12

StirringSpeedLocation Stirring speed data location, 

RPM

StirringSpeedLocation = 13

Only one stirrer data set is allowed



The universal taxonomy is based on flat ASCII files with 

keywords (Heating)
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Keyword Function Usage

HeaterOffsetLocation Data location index, % HeaterOffsetLocation = -1

HeaterPowerLocation Data location index, W HeaterPowerLocation = 5

SensitivityLocation Data location index. uV/mW SensitivityLocation = 6

HeatFlowLocation Data location index. mW/mg HeatFlowLocation = 7

HeaterOff Time of when heating is turned off HeaterOff = 235 min

HeatTemp Heating start temperature HeatTemp = 25 C

HeatRate Heating rate HeatRate = 2 C/min

…



A sample flat ASCII data file is provided below for an ARC data 

set
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A sample flat ASCII data file is provided below for an ARC data 

set (continued)
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….

….



The data reduction tools in SuperChems were upgraded and 

enhanced
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Access data 

reduction tool

Detailed kinetic 

model fitting tool

Load a reduced 

data set for further 

processing and 

regression

Access data 

regression tools

View multiple data 

sets from multiple 

instruments



Measured data can be filtered, smoothed, truncated, and re-

written as different data sets
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The view and kinetics options provide visualization, simplified, 

and detailed data analysis and modeling
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Multiple data sets can be visualized with advanced features 

enabling time dependent meteorological data sets to be used
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An SADT multiple data set calculated using simplified kinetics
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Quick estimates of TSA and TNR can be obtained following 

data reduction
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Conclusions and recommendation
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A complete framework for the reduction, analysis, kinetic model development, and 

scaleup of chemical reactivity data is now provided in SuperChems v11.5



Recommended additional reading
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G. A. Melhem, “Relief systems last line of defense, only line of defense?”, Process Safety 

Progress, vol 25, No. 4, December 2006

G. A. Melhem and Peter Howell, “Designing Emergency Relief Systems for Runaway 

Reactions”, Chemical Engineering Progress, September 2005

G. A. Melhem, “Calculate phase and chemical equilibria using Process Safety Office® 

SuperChems Expert™”, an ioMosaic Corporation white paper, March 2021.

G. A. Melhem, “Polymerization modeling for emergency relief systems”, an ioMosaic 

Corporation white paper, July 2020.

G. A. Melhem, “Polymerization reactions inhibitor modeling – styrene and butyl acrylate 

incidents case studies”, an ioMosaic Corporation white paper, July 2020.

G. A. Melhem, “Quickly develop chemical interaction matrices with SuperChems”, an 

ioMosaic Corporation white paper, March 2018.

G. A. Melhem, “Systematic evaluation of chemical reaction hazards”, an ioMosaic 

Corporation white paper, August 2022.



Recommended additional reading (continued)
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G. A. Melhem, “An advanced method for the estimation of reaction stoichiometry and rates 

from ARC data”, an ioMosaic Corporation white paper, August 2022.

G. A. Melhem, S. Grenier, and L. Ding, “Thermal stability indicators”, an ioMosaic 

Corporation white paper, August 2022.

G. A. Melhem, “Development of kinetic models – Part I. Thermal Stability”, an ioMosaic 

Corporation white paper, August 2022.

G. A. Melhem, “Development of kinetic models – Part II. Pressure Relief Systems”, an 

ioMosaic Corporation white paper, August 2022.

G. A. Melhem, “Advanced pressure relief design using computer simulation”, an ioMosaic 

Corporation white paper, August 2022.



For more information, please contact
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G. A. Melhem, Ph.D., FAIChE

melhem@iomosaic.com

C: 603-475-3646

ioMosaic Corporation

93 Stiles Road

Salem, NH 03079
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About ioMosaic Corporation

Through innovation and dedication to continual improvement, ioMosaic has become a leading 

provider of integrated process safety and risk management solutions. ioMosaic has expertise 

in a wide variety of areas, including pressure relief systems design, process safety 

management, expert litigation support, laboratory services, training, and software 

development. 

ioMosaic offers integrated process safety and risk management services to help you manage 

and reduce episodic risk. Because when safety, efficiency, and compliance are improved, you 

can sleep better at night. Our extensive expertise allows us the flexibility, resources, and 

capabilities to determine what you need to reduce and manage episodic risk, maintain 

compliance, and prevent injuries and catastrophic incidents. 

Our mission is to help you protect your people, plant, stakeholder value, and our planet. 

For more information on ioMosaic, please visit:  www.ioMosaic.com
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