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Reliable services in all fields of Process Safety
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Process 
Safety

Consulting

R&D Training

Laboratory - Testing

» Thermal Process Safety

» Explosion protection

» Electrostatic testing

» Highly actives laboratory

» Testing equipment

» Development of new 
standards

» Knowledge development

» Expert International 
Consulting 

» Risk assessment
» Explosion protection
» Pressure relief
» Reactive hazards
» …

» In-house or open 
training courses

» Different themes: i.e. Hazard 
Identification and Analysis, 
ATEX, Electrostatic, Reactive 
chemistry, pressure relief 
training……
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Annik Nanchen, Annik.Nanchen@tuvsud.com
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Swiss, married, 2 daughters

Main expertise: Risk analysis, Thermal Process 
Safety (reactive hazards), Design Pressure Relief 
Systems



Program
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01 Introduction – Sustainable Development

02 Health - REACH

03 Safety – Process Safety

04 Case Study - Discussion



Introduction – 17 UN Sustainable Devlopment Goals 
for 2030
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Which of those goals are linked to chemistry or chemical engineering?



Introduction – Sustainable process engineering

• Sustainable development

 Meets the needs of the present without compromising the ability of future generations to meet their own needs 
(definition of the Brundtland Report (1987))1

 Sustainable development depends on the extend of utilized resources and generated waste

• Natural resources need to be utilized sustainably to prevent depletion of supplies in the long run

• Any waste should be generated at lower rates than the natural environment can readily assimilate them

• 25 w% of natural resources extracted from earth comes out as goods and services (Charpentier, 2016, Procedia 
Engineering 138)
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1 Brundtland report: developed guiding principles for sustainable development



Introduction – 3P pillars
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Economic
(Profit)

Ecological
(Planet)

Societal
(People)Socio-Ecological

(bearable)

Eco-efficiency
(viable)

Socio-economic
(equitable)Sustainable 

Development

Reference: Sheldon, R.A (2018), Szekely, G (2021) 



Introduction – Sustainable development
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Green chemistry
Green engineering
Sustainability

Transferring processes from one scale 
to the other: temporal and spatial 
challenges/interdependance

Reference: Guillén-Gosálbez et al (2018)



Introduction – Green chemistry and sustainable 
chemistry

• Green chemistry is the design of chemical products and processes that reduce or eliminate the use or generation of 
hazardous substances. Green chemistry applies across the life cycle of a chemical product, including its design, manufacture,
use and ultimate disposal.  Definition from EPA (environmental protection agency)

• Sustainable chemistry is a subset of green chemistry

• Incorporates the design, manufacture, and use of efficient, effective, safe, and more environmentally benign chemical 
products and processes.

• Incorporate the concept of sustainability into production and use of chemicals and chemical products

• Enable industrial processes to produce better products, mitigate pollution and increase profit margins.

• Green engineering is the design, commercialization and use of processes and products in a way that reduces pollution, 
promotes sustainability and minimizes risk to human health and the environment without sacrificing economy viability and 
efficiency. Definition from EPA (environmental protection agency)
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Improve sustainability of a chemical process

The 12 principles of green engineeringThe 12 principles of green chemistry

Inherent rather than circumstantialPrevention

Prevention instead of treatmentAtom economy

Design for separationLess hazardous chemical syntheses

Maximize efficiencyDesigning safer chemical

Output-pulled versus input-pushedSafer solvents and auxiliaries

Converse complexityDesign for energy efficiency

Durability rather than immortalityUse of renewable feedstocks

Meet need, minimize excessReduce derivatives

Minimize material diversityCatalysis

Integrate material and energy flowsDesign for degradation

Design for commercial «afterlife»Real-time analysis of pollution prevention

Renewable rather than depletingInherently safer chemistry for accident prevention
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Program
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European regulations and efforts – linked with 
chemicals

• REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

• EU Green Deal – becoming climate neutral by 2050

• Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

• Seveso Directive (major accident prevention)
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REACH objectives

• Ensure a high level of protection of human health and the environment against harmful substances

• Assess the safety of chemical substances in use in the EU

• Promote innovation and competitiveness

• Promote alternative (non-animal) methods for the assessment of the hazards of substances

• REACH Regulation (EC 1907/2006) entered into force in 2007

• Currently under revision
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Why REACH?

• Insufficient information on chemicals
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20051930Year

400 million1 millionTonnes/y

Global production of chemicals evolution:



REACH: how to reach the objectives?

• Registration

• Evaluation

• Authorisation

• Restriction of Chemicals
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Risk Assessment 
of the substances

Risk Identification 
of the substances

Risk Management
of the substances



REACH registration dossier
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Technical dossier consists of two main components:
 technical dossier, always required for all substances subject to the registration obligations

 chemical safety report, required if the registrant manufactures or imports a substance in 
quantities of 10 tonnes or more per year. The chemical report is the documentation of the 
chemical safety assessment (CSA)

 Registration dossier is the set of information submitted electronically by a 
registrant for a particular substance

+
Technical 
dossier

Chemical
Safety Report

If >10 t/y



REACH registration dossier – Chemical safety 
assessment

• Human health hazard assessment 

• Goal define the DNEL (derived no effect level) for humans: level of exposure above which humans should not be exposed

• Physicochemical hazard assessment

• Classification and labelling

• Environmental hazard assessment

• Goal define the PNEC (predicated no-effect concentration) below which adverse environmental effects are not expected to 
occur for the environment

• Persistent, bioaccumulative and toxic (PBT) and very persistent and very bioaccumulative (vPvB) assessment

• Depending on the results of the assessment

• Exposure assessment

• Generation of exposure scenario(s)

• Exposure estimation

• Risk characterisation
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Register a substance and uses



REACH registration dossier – Uses

Substances and mixtures are used in a mixing process. The use consists of several activities, 
such as the handling of raw materials and loading of vessels, the mixing process and the filling 
of paint into containers. In addition, vessels may have to be cleaned

Formulation of a paint

Electrolytes (substances or mixutres) are used to cover metals. The use consits of several 
activities, such as the preparation of the electroplating baths (filling and adjustment), the 
immersion of parts into the baths and the drying of parts. Cleaning and maintenance activities 
are also part of the use.

Electroplating of metal

Raw materials of polymer compuonds are mixed, filled into the extruder, heated and blown, the 
material is cooled and packaged

Blowing of plastic films
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Reference: ECHA Guidance for downstream users Version 2.1 october 2014

Example of uses



Exposure assessments

• Use

• Exposure scenario based on:

• Substance properties

• Frequency of application (operational conditions: OC)

• Risk management measures (RMM)
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Reference: ECHA Guidance for downstream users Version 2.1 october 2014



Example of operational conditions and risk 
management measures

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability

Reference: ECHA Guidance for downstream users Version 2.1 october 2014



REACH chemical safety assessment
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RMM: risk management measures
OC: operational controls
PBT: persistent bioaccumulative and toxic
vPvB: very persisent and very bioaccumulative
CSR: chemical safety report
ES: exposure scenario
SDS: safety data sheet
CSA: chemical safety assessment

Reference: ECHA Guidance for
downstream users Version 2.1 october
2014



Example of use registration
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Example of use registration
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Example of extended SDS
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SDS



REACH evaluation

• Dossier evaluation: ECHA checks that registration dossiers contain the information on chemicals required by the legislation.

• Substance evaluation: Member states evaluate substances after they have identified specific concerns.

• Following the assessment, registrants may be required to submit or generate additional information on the substance.
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REACH authorisation

• REACH Regulation sets up a system under which the use of substances with properties of very high concern and their placing 
on the market can be made subject to an authorisation requirement. Such substances are included in Annex XIV of the 
Regulation and may not be placed on the market or used without an authorisation. This authorisation requirement ensures 
that risks from the use of such substances are either adequately controlled or outweighed by socio-economic benefits. An 
analysis of alternative substances or technologies will be a fundamental component of the authorisation process.

• 59 substances (July 2025)

• Candidate List of substances of very high concern for Authorisation: Candidate List of substances of very high concern for 
Authorisation - ECHA (europa.eu)

• 250 substances (including the ones already in Annex XIV) (July 2025)
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REACH restriction

• Any condition for or prohibition of the manufacture, use 
or placing on the market of a substance. The 
substances restricted under REACH and the conditions 
of their restrictions are included in Annex XVII of the 
Regulation. 

• The restrictions procedure is a safety net to address 
unacceptable risks to human health or the environment, 
arising from the manufacture, use or placing on the 
market of substances, which need to be addressed on a 
Community-wide basis.
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REACH restriction

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability



REACH - Summary
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Improve sustainability of a chemical process
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• Discovery, Innovation

• Feasibility Study

• Laboratory Study

• Study in Pilot Plant

• Engineering

• Building and Start Up

• Process in Production

• Process Death

Time for
changes

Knowledge



Improve sustainability of a chemical process
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• Laboratory Study
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Degree 
of 
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Costs



European regulations and efforts

• REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

• EU Green Deal – becoming climate neutral by 2050

• Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

• Seveso Directive (major accident prevention)
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Chemical strategy for sustainability

• Objectives

• better protect citizens and the environment

• boost innovation for safe and sustainable chemicals

• Actions

 banning the most harmful chemicals in consumer products - allowing their use only where essential

 account for the cocktail effect of chemicals when assessing risks from chemicals

 phasing out the use of per- and polyfluoroalkyl substances (PFAS) in the EU, unless their use is essential

 boosting the investment and innovative capacity for production and use of chemicals that are safe and sustainable by 
design, and throughout their life cycle

 promoting the EU’s resilience of supply and sustainability of critical chemicals

 establishing a simpler “one substance one assessment” process for the risk and hazard assessment of chemicals

 playing a leading role globally by championing and promoting high standards and not exporting chemicals banned in the EU
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Chemical strategy for sustainability
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85 actions

Reference: https://environment.ec.europa.eu/strategy/chemicals-
strategy_en#timeline
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Major chemical accidents
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European regulations and efforts

• REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals)

• EU Green Deal – becoming climate neutral by 2050

• Chemical Strategy for Sustainability (CSS) towards a toxic-free environment

• Seveso Directive (major accident prevention)
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Seveso Directive

• Major accidents are threats for humans and the environment

• The Directive applies to more than 12 000 industrial 
establishments in the European Union where dangerous 
substances are used or stored in large quantities
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Process Safety

• Process safety definitions (CCPS): 

• a discipline that focuses on the prevention of fires, explosions, and accidental chemical releases

• Prevention of, preparedness for, mitigation of, response to, or restoration from catastrophic releases of chemicals or energy
from a process

• ≠ occupational safety: focus on personal safety (prevent harms from falls, cuts, sprain, strains, being stuck by objects, 
repetitive motion injuries etc)
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Nitroglycerine nitration reactor in 
1875
https://www.nobelprize.org/alfred-
nobel/alfred-nobel-in-scotland/

Continuous nitroglycerine reactor in 
1935(Biazzi)
http://www.biazzi.ch/page/history.php/



Process safety

• What could lead to fires, explosions, and accidental chemical releases?

• What are the hazards and what are the risks (for fire, explosions, and accidental chemical releases)?
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Goal/objectives of risk analysis- process safety
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Hierarchy of risk reducing measures

1. Inherent safety

2. Prevention

 Technical measures:

I. Passive

II. Active

 Organizational measures

3. Mitigation
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Find examples linked to process safety  for all of them



Hierarchy of risk reducing measures – inherent safety

• Intensification

 Inventory reduction

• Substitution

 Use safer material

• Attenuation

 Use material in the less hazardous form 

• Simplification

 Avoid complex plants or systems

• Tolerance

 Robust equipment, error tolerant processes
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Find examples linked to chemical processes



Improve safety of a chemical process
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• Discovery, Innovation

• Feasibility Study

• Laboratory Study

• Study in Pilot Plant

• Engineering

• Building and Start Up

• Process in Production

• Process Death

Time for
changes

Knowledge



Improve safety of a chemical process
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What is a Safe Process ?

• Remaining risks can be accepted

• The risks must be known

• Risk analysis was performed
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What is a Safe Process ?
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Hazard First
Deviation

Second
Deviation

Excursion Effect

ProtectivePrevention

Inherently Safer Process

Technical Risk Reducing Measures

Process control

Control / Alarm / Operator

Emergency



Flixborough

• June 1st 1974 16:58

• Killed 28 people, injured 36 onsite and > 57 off site

• Lead to development of safety and loss prevention

• Increased efforts in industry and demand from the public controls on such plants

• https://youtu.be/8A1xSCUtB-M
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Flixborough (accident site)

• Farmland, 260 km north of London, 800m from villages of Flixborough and 
Amscott, 3-5 km from larger towns

• 1974: occupied 550 people

• Plant built in 1938 to produce fertilize

• 1964 changed ownership with the aim to produce caprolactam (owned by 
DSM and National Coal Board (NCB))

• Produced first 20’000 t/y caprolactam by means of phenol hydrogenation 
(1967)

• 1972 increased capacity (70’000 t/y) with construction of a new unit: this 
unit uses cyclohexane oxidation
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Flixborough - Chemistry
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 Phenol hydrogenation:

 Caprolactam use  nylon production

 Cyclohexane oxidation



Flixborough - The accident

• June 1st 4:53 pm deflagration

• Noticeable 50 km away

• Flames 70-100m high 

• Pressure of the explosion destroyed 
stationary fire fighting equipment

• All building within 600m were destroyed

• 72 individuals present on the site: 28 
killed, 36 injured (lucky it was week-
end)

• 1987 houses and retail businesses 
were damaged (72 of 79 houses in 
Flixborough, 73 from 77 in Amscott, 644 
of 756 in Burton)

• Large piece of equipment found 6 km 
away, debris up to 32 km away

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability



Plant layout
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Process
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Flixborough - Process

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability

 6 reactors of 45 m3 each

 Compressed air injected 
through perforated ramp

 25m3 cyclohexane in the 
reactors at 155°C and 8.8 bar 
of pressure (+ catalyst)

 Low output of cyclohexanone 
and cyclohexanol 
recirculation of cyclohexane

 250 -300 m3/h liquid flow 
between reactors via 711 mm 
diameter pipes fitted with 
expansion bellows

 Installation inert (nitrogen)

 PRV 11 bar



The context

• New caprolactam unit at full capacity since beginning of 1974 

• technical and labour problems before: 

• miner strikes, only 3 day of power per week (November 1973 to January)

• Plant can’t adapt  work on backup energy generation  reactor agitation turned off

• Agitation of reactor 4 deteriorated and was not put back on

• Beginning of 1974 plant produced 47’000 tones/year  prospect of financial loss ask Government’s pricing commission to 
authorize 48% price increase but was refused

• Considerable economic and commercial pressure

• Personnel

• Plant maintenance engineer post vacant since beginning of 1974

• Former maintenance engineer’s subordinate (technician with 10 years experience in electricity and 4 years in 
maintenance)

• Mechanical engineering competence in the plant low (Director and Technical Director are chemists/chemicl engineers, no 
qualification in mechanical engineering)
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The accident

• March: new difficulties

• March 27th cyclohexane leak on reactor 5 (vertical crack)

• March 28th crack is 2 meter long

• Stop and inspection of reactor 5 scheduled

• Resume production quickly  build a bypass between Reactors 4 
and 6

• Leak test on 1st of April, restart process with 508 mm elbow pipe 
(fabricated onsite) connecting the two expansion bellows on Reactors 
4 and 6 via a plate flange. Entire assembly supported by scaffolding

• Until May 29th installation operated without any special problem

• May 29th: cyclohexane leak --> shut down, repair, test restart early 
morning 1st June

• June 1st 4:00: new cyclohexane leak, followed by several others 
installation stopped and restarted 1 hour later

• Shortly after: new leak  stop production

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability



The accident

• June 1st 7 am back into service but problems 
with T and P

• June 1st 4:53 pm deflagration

• Noticeable 50 km away

• Flames 70-100m high 

• 2 bar pressure at the epicentre  destroyed 
stationary fire fighting equipment

• All building within 600m were destroyed

• 72 individuals present on the site: 28 killed, 
36 injured (lucky it was wk)

• 1987 houses and retail businesses were 
damaged (72 of 79 houses in Flixborough, 
73 from 77 in Amscott, 644 of 756 in Burton)

• Large piece of equipment found 6 km away, 
debris up to 32 km away
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The causes of the accident

• Difficult to determine exactly because 

• absence of witnesses (all staff present in the control room died in the accident)

• Destruction of all unit instrumentation

• According to the investigation report: 

• Failure at the level of the two connecting bellows on the temporary pipe placed between reactor 4 and reactor 6 

• Massive leak of hot and pressurized cyclohexane

• Release of of 40-60 ton cloud of cyclohexane ignited 25 to 35 seconds later (ignition: reforming tower of the hydrogen unit)

• Cause: amateurism by removing reactor 5 and constructing bypass. 

• No verification (only leak test with nitrogen 9 bar)

• No calculation, no drawings

• No reference to standard or guidelines

• Nothing to prevent movements of the bypass (scaffolding inadequate)

• No account of turning moment that would be placed on the pipe due to flow of fluid and proces P

• No account for shear forces on the bellows (not designed for that)

• Leak on reactor 5 not investigated

• Other causes also described in literature
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The actions taken and lessons learnt

• Need to strengthen public authority control  Health and Safety at Work Act was introduced in the UK

• Together with Seveso accident in 1976 led to the «Seveso directive»

• 18 people died in the control room  carefully design the layout and location of control rooms (occupied 
building)

• Limit the hazard potential onsite

• Any modification, no matter how small, can engender risk –> MOC

• Preventive maintenance preferable to emergency intervention

• Management of feedback (cracks in other reactors reported but escaped investigation)  safety culture

• Competence from staff crucial (only a well-skilled and experienced workforce will be able to recognize precursor 
signals of an accident  competence and organisational changes

• Personnel should not be faced with having to chose between safety and productivity. Goal of a company must 
be to produce under safe conditions

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability



Hierarchy of risk reducing measures – inherent safety

• Intensification

 Inventory reduction

• Substitution

 Use safer material

• Attenuation

 Use material in the less hazardous form 

• Simplification

 Avoid complex plants or systems

• Tolerance

 Robust equipment, error tolerant processes
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Bhopal

• 2nd-3rd December 1984 in Bhopal India, pesticide plant. 

• Release of methyl isocyanate (immediate deaths 2259, many more in the 
weeks/years after, more than 500’000 injuries)
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Bhopal Accident
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Methyl Isocyanate (MIC) 
Storage tank

Cooling unit 
(keeping MIC at 0°C)

To Flare and/or Scrubber

To Flare and/or Scrubber

Polymerization

Temperature & Pressure 
Sensors & Alarms



Bhopal Accident
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Methyl Isocyanate (MIC) 
Storage tank

Cooling unit 
(keeping MIC at 0°C)

To Flare and/or Scrubber

To Flare and/or Scrubber

Polymerization

Temperature & Pressure 
Sensors & Alarms

June 1984

October 1984

October 1984



Bhopal

• 2nd-3rd December 1984 in Bhopal India, pesticide plant. 

• Release of methyl isocyanate (immediate deaths 2259, many more in the 
weeks/years after, more than 500’000 injuries)

• Intermediate storage of methylisocyanate

• Many parts of the installation malfunctioning

• Water introduced in the tank  runaway reaction

• Pressure increase and release of methylisocyanate (direct release to the 
atmosphere should have been prevented by 3 risk reducing measures 
(cooling of methylisocyanate, a flare tower to burn released gas, vent 
scrubber), which were malfunctioning, insufficiently sized or otherwise 
inoperable

• Intermediate storage convenient, but not essential (reduce inventories)
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Hierarchy of risk reducing measures – inherent safety

• Intensification

 Inventory reduction

• Substitution

 Use safer material

• Attenuation

 Use material in the less hazardous form 

• Simplification

 Avoid complex plants or systems

• Tolerance

 Robust equipment, error tolerant processes
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Steps

Identify hazards

Understand hazards

Avoird or elimiate hazard by design Avoid Hazards

Itensify, substitute or attenuate to reduce the 
severity of the hazard

Reduce Severity

Simplify the process or plant to reduce the 
likelihood of the hazard occuring

Reduce Likelihood

Segregate

Use safeguards that do not need initiation, and hece 
have high availability

Apply Passive Safeguards

Use active sytstems, but note these depend on 
timely hazard detection and initiation

Apply Active Safeguards

Apply Procedural Safeguards

Apply Residual Risk Reduction 
Measures

Activities

Add-On Safety

Identify all hazards and causes of matierals, actions and conditions

Assess hazards, their causes and effects, and how these interact with the design

Use distance, or use sections of the plant itself as barriers to segregate/protect people 
and emergency systems from the effects of hazards

Operator and maintenance procedures should be the last resort, especially for control 
and mitigation, where the chance of error or failure is high

Use findings of the hazard assessment to estimate the risks, and target and implement 
inherent / segregation/ add-on/ procedural safeguards until risks are tolerable

Inherent safety 
principles

Hierarchy of risk
reducing
measures
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Reference: Kletz & Amyotte, Process
Plants, a handbook for inherently
safer design (2010)



Comparing methods to improve EHS

EnvironmentHealthSafety

√√√√√√Inherent Safety

√√√√Pollution prevention

√√√√√√Green chemistry

√√√√Green technology

√√√√Design for the 
environment
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Reference: Kletz & Amyotte, Process Plants, a handbook for inherently safer design (2010)

√ √ √ : primary focus √ √ secondary focus √ directly linked benefit



Process Development
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ECONOMY

SAFETY ENVIRONMENT

Optimisation



Process Development
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ECONOMY

SAFETY ENVIRONMENT

Optimisation

SUSTAINABILITY



Process Development and Sustainability
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Reference: A. Argoti et al, 2019, Current opinion in 
chemical engineering, Challenges and opportunities in 
assessing sustainability during chemical process design 



Process Intensification
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MethodsEquipment

Other methodsAlternative energy 
sources

Hybrid 
separations

Multifunctional reactorsEquipment for operations 
not involving chemical 
reactions

Equipment for carrying 
out chemical reactions

Supercritical FluidsCentrifugal FieldsMembrane 
Adsorption

Reverse-Flow ReactorsStatic MixersSpinning disk reactor 

Dynamic Reactor 
Operation

UltrasoundReactive DistillationCompact Heat ExchangersStatic mixer reactor 
(SMR)

Solar EnergyMembrane 
Distillation

Reactive ExtractionMicrochannel Heat 
Exchangers

Static mixing catalysis 
(KATAPAKs)

MicrowavesReactive CrystallizationRotor/Stator MixersMonolithic reactors

Electric FieldAdsorptive 
Distillation

Chromatographic 
Reactors

Rotating Packed BedsMicroreactors

Plasma TechnologyPeriodic Separating 
Reactors

Centrifugal AdsorberHeat Exchange 
Reactors (HEX)

Membrane ReactorsSupersonic Gas/Liquid 
Reactor

Reactive ExtrusionJet-Impingement 
Reactor

Reactive ComminutionRotating Packed-Bed 
Reactor

Fuel Cells



Case study - Solvent

• Solvents are widely used

• Put species in contact

• Make mass stirrable

• Cause a significant amount of waste

• What are the benefits of solvents? Why are solvent used?

• What can you do to improve sustainability with respect to solvents?
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Effects of contaminants on DMSO

Remarks: Dimethylsulfoxid plus HCl
(DMSO: p.a., max. 0.03% w/w water)

compare also DSC 4310 !!!

Remarks: neat dimethylsulfoxid
p.a., 0.03% water
Riedel de Haen
lot. 2220A
colourless liquid

Integral 4155.32 mJ
  normalized 491.93 Jg^-1
Peak Height 3.70 Wg^-1
Peak 206.21 °C
Extrapol. Peak 206.36 °C
Peak Width 7.44 °C
Left Limit 153.80 °C
Right Limit 228.05 °C

Integral 135.19 mJ
  normalized 16.85 Jg^-1
Peak Height 0.32 Wg^-1
Peak 216.32 °C
Extrapol. Peak 216.17 °C
Peak Width 3.70 °C
Left Limit 210.91 °C
Right Limit 227.61 °C

Integral 3413.44 mJ
  normalized 425.51 Jg^-1
Peak Height 1.26 Wg^-1
Peak 288.86 °C
Extrapol. Peak 289.03 °C
Peak Width 14.67 °C
Left Limit 245.00 °C
Right Limit 346.02 °C

!&DSC 4310 DMSO
DSC 4310 DMSO, 8.0220 mg

!&DSC 4314 DMSO + HCl
DSC 4314 DMSO + HCl, 8.4470 mg

Wg^-1
2

°C40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380

^exo

 SW  8.00eRTASLab: METTLER
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Effects of contaminants on DMSO

• DMSO Recovery

• Batch destillation of DMSO

• Solvent was contaminated with alkyl bromide

• Storage during 1 year before destillation

• Slow autocatalytic reaction destabilised DMSO
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References
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References

• The Brundtland report

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability

 R.A. Sheldon



Assignment Sustainability (Health and Safety)

• Group of 2-3 people

• Optima Belle Accident: video and investigation report https://www.csb.gov/optima-belle-explosion-and-fire/

• Video and report provide some explanations on the cause

• Aim: look at the accident more in depth

• Understand the differences in drying technologies: fluidized bed used at Clearon vs double cone dryer used at Optima Belle

• Understand the differences in thermal safety measurement techniques and the effect on the measurement of the 
decomposition
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Example: Drying of NaDCC dihydrate

NaDCC dihydrate

EUH031: contact with acids liberates toxic gas

Decomposition T > 240°C

Data from Gestis (https://gestis-database.dguv.de/)
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NaDCC

EUH031: contact with acids liberates toxic gas

Decomposition T  240°C – 250°C

Collecting information on starting material and finished product



Example: Drying of NaDCC dihydrate

Evaluation of drying conditions

• Grewer measurement

Sept 25TÜV SÜD PROCESS SAFETY | Health Safety Sustainability



Example: Drying of NaDCC dihydrate

• NaDCC dihydrate Grewer
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• NaDCC Grewer

Reference Temperature (°C)
35030025020015010050

D
T

 (
°C

)

150

100

50

0

T: 234.4 and 349.4 (°C)   
Peak Maximum:  261 (°C)   
Peak Height:  186 (°C)   

Grewer dyn. up to 350°C, 8ml wire basket
Sample: Natriumdichlorisocyanurat
Sample preparation: tested as delivered

S23-MUSTER-02-A-DYN-350°C.G01
Reference Temperature (°C)

35030025020015010050

D
T

 (
°C

)

200

150

100

50

0

T: 229.2 and 349.6 (°C)   
Peak Maximum:  263 (°C)   
Peak Height:  225 (°C)   

Grewer dyn. up to 350°C, 8ml wire basket
Sample: Natriumdichlorisocyanurat Natriumsalz Dihdrat
Sample preparation: tested as delivered

S23-MUSTER-01-A-DYN-350°C.G01

Confirm decomposition temperature ranges mentioned in Gestis (or other MSDS)



Example: Drying of NaDCC dihydrate
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DSC Calvel Calorimeter C80 ARC

Assessing decomposition:



Example: Drying of NaDCC dihydrate

• NaDCC dihydrate DSC

• Total of 1500 kJ/kg decomposition energy 

• Decomposition measured from ~90°C
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• NaDCC dihydrate C80 

• Important pressure increase 

• Total of 1500 kJ/kg decomposition energy 

• Decomposition measured from ~90°C

Gas!



Example: Drying of NaDCC dihydrate

• NaDCC dihydrate ARC (pseudo-adiabatic – Heat-Wait-Search)
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~ 50% of the overall event could be measured
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Example: Drying of NaDCC dihydrate

• NaDCC (dry) has similar decomposition profile in DSC, C80 and ARC then NADCC dihydrate
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Example: Drying of NaDCC dihydrate

• Process Data Batch 1
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Interruptions: taking 
samples

Condensate 
in the jacket

Source: https://www.csb.gov/optima-belle-explosion-and-fire/



Example: Drying of NaDCC dihydrate

• Process Data Batch 1
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Expected T 
increase

Water content too 
high

Black 
particles



Example: Drying of NaDCC dihydrate

• Process Data Batch 1
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Stop Vacuum
Stop Steam

T increase

pH drops



Example: Drying of NaDCC dihydrate

• Process Data Batch 1
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Questions

1. Why is the decomposition measured at different temperatures in the different equipments?

• Grewer ~240°C

• DSC, ARC, C80 around 80°C-90°C

• Hint: explain in simple terms how the measurements are performed

2. How are compounds dried in a fluidized bed dryer (used by Clearon) and in a rotary double cone dryer (used by Optima 
Belle?

• Explain the two techniques

• What is the main difference?

3. Combining the information from question 1 and 2, why did an explosion occur in the double cone dryer?

4. Which steps/actions during the event had significant consequences?

• Hint: use the information from points 1-3 to answer this question

5. What safety measures (organizational and/or technical) would have prevented the accident?

• Explain each measure and why it would have prevented the accident
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Thank you

Dr Annik Nanchen
Principal Expert Process Safety

Email: annik.nanchen@tuvsud.com
Phone: +41 76 320 27 83
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TÜV SÜD Schweiz AG

tuvsud.com  
info@tuvsud.com

Follow us on:


