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Seveso – the consequences

• 10th July 1976, Icmesa chemical company

• Discharge of highly toxic dioxin from a bursting disk

• No one killed

• 250 people developed skin disease and land 
contaminated, many animals killed

• Seveso directive
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Seveso – the chemistry

• Batch for the manufacture of 2,4,5-trichlorophenol. Temperature 140 - 170°C

• The company was aware of the hazardous characteristics of the main reaction. 
But did not foresee that a runaway could be triggered

• Post incident: Identified an exothermic decomposition ca. 250°C

• At high temperature 2,3,7,8-tetrachlorodibenzodioxin is formed
(LD50 rat 0.02 mg/kg,  TLV 1.0 * 10-8 mg/m³, carcinogenic and persistent) 
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Seveso – the process

• Shut-down for the weekend (Italian law). 
Batch not finished, never stopped at this stage. 
158°C last T measured

• 7 hours after shut-down, the runaway 
happened which released the reactor content

• The exothermic decomposition was initiated at 
200 - 250°C and the reactor temperature 
increased uncontrolled to 450 - 500 °C

• To understand the chemical reaction behavior 
a Chemical Hazard Assessment is needed

Picture from T. Kletz, What went wrong
5th Edition  IChemE 2009
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Purpose of a Chemical Hazard Assessment
• CHA is a systematic approach to define the chemically related hazards of a process 

and its substances

• To challenge the process route and substances at an early stage 

- eliminating inherent chemical hazards

- limiting of effects of remaining chemical hazards

• Documenting chemical hazard knowledge, used for design, operations, 
Management of Change

CHA is a fundamental document for process safety
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Chemical Hazard Assessment steps

6. Hazard control advice
-Important info for designer
-Attention points

1. Process Chemistry
- chemical hazards
- chemical Interactions

2. Process Conditions
- process description
- process steps

5. Safe limits and effects
-unsafe process conditions
-consequence crossing these limits

3. Hazard Inventory
- decision criteria for chemical 
hazards 

4. Inherently Safer 
Design options
-minimize, -substitute,
-attenuate, -simplify

Elimination of the hazard

Limitation of effects

R&D 

Conceptual
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CHA report 
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Unintended Decomposition reaction 
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Characterization of the decomposition reaction:
- Adiabatic temperature rise: consequence
- Time to maximum rate: probability
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Unintended Decomposition reaction 

Decomposition reactions are sensitive 
to temperature. 

Evaluate TMRad at:
• Normal Process Temperature
• Maximum process temperature 

(MTSR)
• Maximum utilities temperature 

(steam temperature)

TMRad  for 180 °C, 165 °C, 158 °C
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Cooling Failure Scenario
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Criteria Consequence

Low
Tad<50°C 

and no pressure

Medium 50°C<Tad<200°C

High Tad>200°C

Criteria Probability 

Low TMRad> 24h

Medium 8h<TMRad<24h

High 8h > TMRad

NB. Probability Criteria are for reactions/reactors, not for storage, transport etc.

More details see: Thermal Safety of Chemical Processes by Francis Stoessel

Risk Diagram Criteria



Screening tests for unintended decomposition reactions 
following KISS-Principle: Keep It Simple and Safe

• Differential scanning calorimetry DSC

• Calvet Calorimeter C80

• Thermo-kinetics software AKTS
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Measurements

- Small samples 50 mg – 1 g
- Fast screening
- Low costs
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Screening Tests

Experiment-Anmerkungen: 
  22.03.2016 14:55:24, Görsch
    Agrimos
    Lot.: Q7022
    beiges Pulver
    Brutto vor Messung: 990.11mg
    Brutto nach Messung: 990.08mg

Probenhalter: HD vergoldet 20ul  M20, 984.1100 mg

Methode: 30-400 4°C/min HD20ul
dt 1.00 s
[1] 30.0..400.0 °C, 4.00 K/min
Synchronisation eingeschaltet

Experiment: SI-2514_DSC_4.0_RW, 22.03.2016 07:44:02
Durchgeführt am 22.03.2016 12:41:05

Integral 2615.98 mJ
  normalisiert 436.00 Jg^-1
Peakhöhe 1.87 Wg^-1
Peak 241.01 °C
Extrapolierter Peak 241.28 °C
Peakweite 12.13 °C
Linke Grenze 190.25 °C
Rechte Grenze 284.46 °C

Integral 4257.74 mJ
  normalisiert 475.19 Jg^-1
Peakhöhe 2.18 Wg^-1
Peak 240.70 °C
Extrapolierter Peak 241.02 °C
Peakweite 10.56 °C
Linke Grenze 186.43 °C
Rechte Grenze 289.50 °C

Integral 139.94 mJ
  normalisiert 23.32 Jg^-1
Peakhöhe 52.82e-03 Wg^-1
Peak 145.87 °C
Extrapolierter Peak 148.03 °C
Peakweite 29.49 °C
Linke Grenze 110.70 °C
Rechte Grenze 174.16 °C

Integral 102.96 mJ
  normalisiert 11.49 Jg^-1
Peakhöhe 33.86e-03 Wg^-1
Peak 140.93 °C
Extrapolierter Peak 140.86 °C
Peakweite 22.35 °C
Linke Grenze 113.23 °C
Rechte Grenze 164.90 °C

!SI-2514_DSC_4.0
SI-2514_DSC_4.0, 8.9600 mg

!SI-2514_DSC_4.0
SI-2514_DSC_4.0, 6.0000 mg

!SI-2514_DSC_4.0_RW
SI-2514_DSC_4.0_RW, 6.0000 mg

Wĝ -1
2
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STARe SW 14.00Bau 340/Labor 405  OPS-MTT: Görsch

qref =10 mW/g at Tonset
Tonset =186°C

Total heat = 480 J/g 
ΔTad = 269 °C



TD24; 91 °C

TD8; 121°C
TD4; 143°C
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Estimation of the TMR
qref =10 mW/g at Tonset

Tonset =186°C



Effects: ΔTad decomposition = 400°C. Consequence is 
high: pressure build up by evaporation and/or reaction 
gas, and very fast decomposition.
Effects: Tmax = 558°C, Pmax >> 30 bar

Safe Limits: TMRad is 24 h for 212°C and 8 h for 238 °C
-Normal process Temperature 158 °C : TMRad = 90 h
Low probability to trigger decomposition at 158 °C

-Maximum utilities Temperature: steam of 300°C! 
High probability in case of failure heating system. 
To be reviewed during HAZOP.

A leaking steam valve initiated the release of Seveso
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Concluding: Safe Limits & Effects



BRIGHT SCIENCE. BRIGHTER LIVING.

Questions

Bob.Woezik-van@DSM.com


