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Sustainabllity is expected of us

Our stakeholders' expectations are changing:

« The global marketplace has created more complex
supply chains, with increased social, economic and
environmental risks

« The extent to which we manage our supply chains
responsibly is becoming a key measure of our Corporate
Social Responsibility competence

« Global companies are subject to increased scrutiny by
NGOs, and the media in relation to their supply footprint

- Consumers increasingly expect to buy from companies
who "purchase responsibly"”, respecting the rights of
citizens in local communities
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Meeting the sustainability challenge

To increase the sustainability of our supply chains,
we must understand:

*  What impact our supply chain has in the communities
where we buy

- The social, health, safety and environmental risks
associated with our products and companies

*  What we can do, either independently or in
conjunction with our supply chain partners, to reduce
or manage these risks cost effectively

- How we can use our collective influence to improve
labor, health & safety, and other rights of workers
across the pharmaceutical supply chain
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Using our collective influence to drive change

Our ethos?

One company can't change
the supply chain on its own The member companies of the PSCI

joined forces to address the issue of
responsible supply chain management
across the pharmaceutical industry

We believe that by sharing knowledge

' . and expertise, the industry-wide PSCI
COLLECTIVE .

INFLUENCE can drive complex, global change more

. . effectively than one organization alone
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What is the PSCI?

The Pharmaceutical Supply Chain Initiative

An industry body formed by the cbbvie  iiAllergan  Astrazenecs®
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Our Board

Steven Meszaros, Chair
Corporate Senior Director Business Resiliency & Business Development
Pfizer

Julie Brautigam, Vice Chair
Head of Procurement, Risk, Sustainability & Performance
Takeda Pharmaceuticals

Marcell Reid, Secretary
Senior Manager, Supplier Sustainability
AbbVie

Gary Wilson, Treasurer
VP CSR & Sustainability
West

Andy Rayment
Risk and Assurance Lead, Global Procurement
AstraZeneca
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The PSCI Principles

As a first step, the PSCI created the Pharmaceutical Industry Principles
for Responsible Supply Chain Management ("the Principles")

These Principles address five areas of responsible business practices and
the relevant standards any business operating within the pharmaceutical
supply chain is expected to uphold
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ETHICS LABOR HEALTH & SAFETY ENVIRONMENT MANAGEMENT SYSTEMS
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The PSCI vision

Our vision is that, through the application of the

PSCI Principles for ethics, labor, health & safety,
environment and management systems, better environmental,
social and governance outcomes will result for all those
Involved in the pharmaceutical supply chain

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai |
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We've made great progress...

PSCI Principles Capability Building

Developed the Developed and deployed We conduct supplier
Pharmaceutical Industry tools to assess supply chain capability building events,
Principles for Responsible against our principles. These including webinars,

Supply Chain Management, tools including the conferences and share best
which outline our PSCI Self-Assessment practice documents through
expectations for sustainable Questionnaire and Audit a resource library on the
supply chains in our Protocol. PSCI website.

industry.
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Benefits of following the PSCI Principles

1 Utilizing a common standard across the supply chain
2 Benchmarking and sharing of best practices with other pharma companies, and other sectors
3 Being recognized as a supporter and advocate of Responsible Supply Chain Management

4 Suppliers gain a more in-depth understanding of customers' expectations for responsible business
practices and raise their profile as a high-performing and sustainable supplier for current customers
and future prospects

5 Suppliers have the opportunity to collaborate with customers to build the sustainability capabilities of
their facilities

6 Both the Self-Assessment Questionnaire and Audit allow suppliers to cut down on duplication of
effort in supporting multiple assessment requests from customers

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | 23
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Benefits for suppliers

Resource library
Our supplier resource library is available at
wWwWw.pscinitiative.org/resources

Training / capacity building events

O
We will be posting information about training/capacity
building events on key issues for suppliers
/i\ Webinar

* On current topics impacting our industry Watch our
website for
Supplier Conference details

» To support technical capacity building

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai |
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How can you get involved?

- Join PSCI and collaborate with us to further improve the
pharmaceutical supply chain (for more information contact
iInfo@pscinitiative.org)

«  Go to the PSCI website and use the tools in the Resource Library to
make improvements

- Participate in upcoming supplier capability building events

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | o5
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The Pharmaceutical Supply Chain Initiative

Need more information?

Visit: www.pscinitiative.org
Email: the PSCI Secretariat at info@pscinitiative.org

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai |
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Key Note Speech

Presented by

Dr. Vahid Ebadat, Ph.D.

Chief Technical Officer — Process Safety
DEKRA
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What do these brands have in common?

-~

SIMONIZ
HOT WA X-~=SHINE

NOW ON-LINE 5 A7
WITH CARNAUBA WAX ?ﬁﬁ’

P DE KRA InSig ht Slide 30 ©2016 DEKRA Insight. All rights reserve



What do these brands have in common?

- All were part of Union Carbide (UCC) in 1984
- UCC had 100K employees and 500 plants

- Was a component of the Dow Jones Industrial average

- After Bhopal disaster in December 1984
o Share price dropped 50% -- Takeover attempts

o Divested films packaging, major portions of metals business,
specialty polymers & composites, home, battery, automotive,
and agricultural products businesses

o Dropped to 14,000 employees, and eventually acquired by
and absorbed into Dow Chemicals

P DEKRA lnsight Slide 31 ©2016 DEKRA Insight. All rights reserved .



Bhopal Disaster

A gas emission incident on December 2"9, 1984 at Union Carbide India
pesticide plant in Bhopal

« Considered world's worst industrial disaster

« Methyl isocyanate (MIC) gas and other toxic substances made their
way into shanty towns located near the plant

« Some 3,800 deaths, >560,000 injuries, including approximately 3,900
severely and permanently disabling injuries

« Cause remains under debate!

o Indian government and local activists argue that slack management and deferred
maintenance created a situation where a backflow of water into a MIC tank
triggered the disaster

o Union Carbide Corporation (UCC) contends water entered the tank through an
act of sabotage
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Major Process Safety Incidents

Fire, flash fire, explosion, and/or runaway chemical
reaction hazards can occur where flammable gases,
vapors, dusts, as well as toxic and reactive chemicals are

generated, processed, handled, or stored;

o These hazards can lead to catastrophic events involving
fatalities/injuries, production losses, facility damage, and
environmental impact

o In US alone, each major industrial incident costs an average
of $80 million

o Workplace injuries & illnesses cost U.S. businesses some
$170 billion/year in often preventable expenses =

> DE KRA lnSig hl' Slide 33 ©2016 DEKRA Insight. All rights reserved.
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Process Safety Management Models

There are many models for process safety management,
including:

o Company-specific approaches (e.g. DuPont 1968)

o Responsible Care code (late 1980s)

o Early CCPS process safety management model (1989)

o OSHA PSM rule (1990)

o EU’s Seveso |, Il, and Il directives

o CCPS 2007 risk-based PSM model

> DEKRA Insight Slide 34 ©2016 DEKRA Insight. All rights reserved .



Process Safety Management Models

« Each model identifies a number of PSM elements that
comprise essentially a checklist of activities suggested
for organizations wishing to manage process hazards.

« Most companies involved in manufacture, storage,
use, and transportation of highly hazardous chemicals
have adopted one or more versions of these models.

 Yet, we continue to see many serious and catastrophic
incidents each year.

> DEKRA Insight Slide 35  ©2016 DEKRA Insight. All rights reserved .



Continuing Major Incidents

« BP Texas City - March 2005
o 15 Killed, >170 Injured

« Imperial Sugar Refinery - February 2008
o 14 killed, 42 Injured
- BP Deepwater Horizon - April 2010
o 11 Killed, others Injured, S50B cost
« Chevron Richmond - August 2012
o 15,000 residents were sent to hospital
« West Texas Fertilizer - April 2013
o 15 Killed, 160 Injured, 150 Buildings Damaged
Tianjin warehouse fire & explosion - August 2015
o Blast severity equal to 21 tons of TNT
o 173 killed and 797 injured (s of september 121, 2015)
o Serious property loss in 1.6 km radius

P DE KRA InSig ht Slide 36 ©2016 DEKRA Insight. All rights reserved.



Continuing Major Incidents

Often a company may predict “deviations” in a process
while performing Process Hazard Analysis (PHA’s), but
could underestimate the consequences, for example:

o Event not seen as credible (BP Texas City)

o Prevention systems not available (UCC, Bhopal)

o Mechanical Integrity requirements ignored / postponed
(Chevron, Richmond, CA )

o Weak preparedness for tsunamis. Identified, but
underestimated (Fukushima)

> DEKRA Insight Slide 37 ©2016 DEKRA Insight. All rights reserved .



Effective Risk-Based Compliance

« Continuing major incidents are reminders to
companies to more effectively understand and
manage process safety hazards and risks

- Leaders must create a culture that focuses on:
o ldentifying exposures to hazards,
o Ensuring that hazards are identified & fully understood,
o Prioritizing hazard-reduction efforts,
o Acting on controlling hazards before events occur, and
o Making consistent execution the rule.

P DE KRA InSig ht Slide 38 ©2016 DEKRA Insight. All rights reserved.



Effective Risk-Based Compliance

Work Stream CCPS Element

Compliance with standards
Process knowledge management
Process safety competency
Training & performance assurance

Capability/Competency

Risk Management 1. Hazard identification and risk analysis

: : 1. Asset integrity & reliability
n RESETITIEel S 2. Management of change
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Effective Risk-Based Compliance
Gluing the PSM elements together

y Risk

Management Operations

Asset Incident response
Integrity
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Effective Risk-Based Compliance

- People with the right knowledge and experience in the right roles /
activities

- Supported by information derived from accurate, relevant, up-to-date
data

- Analyzed with models and tools that are properly fit for purpose

- Drawing upon robust institutional knowledge

A three pronged approach to effective Risk-Based Compliance:

1. Sound process safety management systems

2. Competency based on education, training, experience, and data/information
in the related process safety areas

3. Safety culture that starts at the top and flows down to the shop floor level,

P DE KRA InSig ht Slide 41 ©2016 DEKRA Insight. All rights reserved.



Organizational Capability/Competence

Having appropriate and relevant expertise in Process
Safety Management; for example:
o Management of change programs
o Pre-start up safety reviews
o Safety auditing methods
o Contractor management
o Management of hazardous activities such as hot work permits
o Mechanical integrity programs throughout the project lifecycle
o Competency assessment and development programs

o Carrying out PHA’s and updating / following-up on previous PHA
recommendations?

> DE KRA InSig ht Slide 42 ©2016 DEKRA Insight. All rights reserve



Organizational Capability/Competence

Having appropriate and relevant Process Safety
Engineering expertise; for example:

@)

@)

@)

@)

@)
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Hazardous area management (NEC/NFPA in US, ATEX in EU)
Fire and explosion hazards

Electrostatic hazards

Chemical reaction hazards

Pressure systems and over-pressure protection

Process safety data requirements and their use

Incident investigation

Consequence modelling / toxic hazards

Facility siting

PHA techniques e.g. HAZOP / QRA / What if



Organizational Capability/Competence

Laboratory Testing/Process Safety Data

« Process Safety data is the starting point for assuring process safety.
NO DATA, NO SAFETY

- Hazardous properties/data of materials and processes, including:
o Flash Fires and Explosions,
o Flammability
o Self Heating & Spontaneous Combustion
o Shipping/Transportation of Hazardous Chemicals & Regulatory Requirements
o Runaway Reactions
o Static Electricity

> DE KRA InSig ht Slide 44 ©2016 DEKRA Insight. All rights reserved.



Organizational Culture

Leaders create and sustain a strong process safety
culture

« To create a strong process safety culture critical
leadership behaviors need to be addressed

« This begins with leaders demonstrating that they have
safety as a strong personal value through what they do
and say

o It continues with leaders:

« Discussing exposure and risk, and using metrics to provide
feedback

« Employing the safety leadership practices that build culture
> DEKRA Insight Slide 45  ©2016 DEKRA Ins ight. All rights reserved .



What Level is Most Influential

B DEKRA Insight

Senior Leadership

Middle Management

- Front-Line

Supervision

- Employees




What Should you Do?

« Benchmarking - Against other companies in your industrial sector (gap analysis - to
industry average or “best-in-class”

« An analysis of your current safety enabling programs (e.g. Process safety
Management Systems) and suggestions for improvements

« An analysis of your current Sustaining Systems as they apply to safety, such as
definition of roles, responsibilities, and required competencies for both safety and
operations personnel and safety goal settings

« An assessment of Organizational competencies to include audits of plant highlighting
current Process Safety Engineering deficiencies together with recommendations for
immediate and for enduring change

« Assessment of safety culture with benchmarking against leading organizations
« Discussions with management regarding safety goals

« Discussions with senior management leading to a strategy for change and
intervention/transformation plan (road map) addressing systems, organizational
competence, organizational culture, and/or metrics as appropriate

P DE KRA InSig ht Slide 47 ©2016 DEKRA Insight. All rights reserved.



Concluding Remarks

« Process Safety Competence & Culture
o A “root cause” for many PS Events
o Critical to “glue” PSM programs
o Correlates with PS performance
o All global companies face these challenges
o How to develop, embed, and sustain?
o Active corporate sponsor to make it happen
o Engagements at different levels/profiles

P DE KRA InSig ht Slide 48 ©2016 DEKRA Insight. All rights reserved.
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Chilworth Technology
A DEKRA Insight Company

113 Campus Drive
Princeton

New Jersey 08540
USA

Phone 609 799 4449
Web www.Chilworth.Com
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Legacy Chilworth Technology - An Overview

« Leading provider of specialist process safety
services in the world - since 1986

« Over 150 staff including engineering
professionals, scientists and laboratory
technicians with specialist process safety
expertise

« Objective, practical advice

« Chilworth Technology was acquired by DEKRA
SE in July 2011
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DEKRA Insight - Process Safety Centers of
Excellence

Princeton, New Jersey
North America *  Chicago, lllinois

Forreston, lllinois

United Kingdom

Spain
Europe * France

Italy

Netherlands

New Delhi
India *  Mumbai

Hyderabad

China * Shanghai
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Process Safety - Definition

« Process Safety - The prevention and control of fires, explosions, and
accidental chemical releases in chemical & process industries

« Such incidents may result in serious injury, property damage, lost
production, and environmental impact

2015 - Warehouse Fire & Explosion, Tianjin, China 2008 - Imperial Sugar, Georgia
173 killed and 797 injured (as of September 12th, 2015) 14 Killed, > 40 injured

P DE KRA InSig ht Slide 52 ©2016 DEKRA Insight. All rights reserved.



DEKRA Insight - Process Safety Business

- We help process industries avoid fire, explosion, and
loss of containment events and improve performance.

- Combining specialist process safety management
(PSM) and process safety engineering expertise, with
generation and use of process safety data allows us to
help our clients achieve the most effective and

practical approaches to safe and efficient operations
and processes, globally.

D DEKRA Insight



DEKRA Insight - Process Safety Portfolio

Consulting Laboratory Testing Competence Development

YT

7 & aal# |r' llllu.
’D 4;#&’ h'-‘-— .-lr -“.' R' :

{ -
r * . i

Process Safety Management

Combustible Dust Fire & Explosion - Courses Covering all Key Aspects of
Gas & Vapor Flammability Process Safety

Thermal Instability Continuing Education Units (CEU’s)
Chemical Reactivity Multiple Languages

Process Hazard Analysis Static Electricity Multimedia

Quantitative Risk Assessments DOT & UN Transportation of Instructor-Led Content
Consequence Modeling Hazardous Materials - Computer-Based Training

Incident Investigations Explosivity / Energetic Materials

Customized & Large-Scale Testing

Program Implementation &
Improvement
Gap Analysis

Process Safety Engineering

Dust Flash Fire & Explosion Hazards
Gas & Vapor Flammability Hazards
Electrostatic Hazards

Chemical Reaction Hazards
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DEKRA Insight - Process Safety Client
Industries

Engineering / Consultants

o Bulk & Fine Ch o Primary Metals*& Machining

o Agro- _Chemical = } 0 Automotfvé & Aviation

o Energy /#Pewer a J‘Personal & Househo cts
o Food & Drink g u%n Petrochemical

o Flavor & Fragrance aceuticals

@ Machine/Equipmié fg @ JP

o Government Agencies f NS RUP & Paper
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O

nsumer EIectroOsLsJ'

Legal/Insurance/Risk
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Fire and Explosion Hazards in
the Pharmaceutical Industry
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Cain Wang
iz

CIH, CSP
Process Safety Consultant
Cain.Wang@dekra.com.cn

- Over 10 years experience of process safety and
EHS in North America and Asia pacific

- Expertise include DHA, Electrostatics, chemical
reaction and PSM

- Excellent understanding in NFPA, ASTM, IEC
standards
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Summary

* Process characteristics of pharmaceutical
Industries

 Operation characteristics of pharmaceutical
Industries

 Potential hazards in pharmaceutical industries
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Process characteristics of pharmaceutical industries

 Continuous innovation
* Thousands of ingredients
« Small quantities with high risks




Pharmaceutical Roundtable

Operation characteristics of pharmaceutical industries

- Batch operation with small units

- A lot of combustible dust &
flammable liquid/vapor/gas

- A lot of manual operations
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Potential hazardous materials in pharmaceutical industries

- Combustible dust
- Flammable liquid/gas/vapor
- Reaction hazard
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IGNITION SOURCE

Fuel + Oxygen = Light + Heat + Gaseous Combustion Products
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Dust Explosion
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lllustration of how the combustlon rate of a given mass of
combustible solid increases with increasing sub-division

(a)slow combustion
(fixed flame-front)

(b) fast combustion
(fixed flame-front)

(C) Flash-Fire or Explosion
(Moving Flame-Front)
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DEFLAGRATION IN A CLOSED VESSEL

Pressure

Fuel exhausted

Mmax

Ignition

I S e
Time
Pressure/Time Relationship
In a closed vessel




Dust Explosion

Is Your Powder Explosible?

30%
non-combustible

70%
mbustible

Usually, if the solid material is
combustible, its fine dust will be
explosible.

If iIn doubt, tests should be
conducted to determine if a dust is
explosible.

The A/B test determines
explosibility of a dust cloud.
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Is Dust Cloud Concentration Within the EprOS|bIe Range’>

When concentration of dispersed dust cloud in air is below a certain
value, Minimum Explosible Concentration, an explosion can not
propagate. The atmosphere is fuel-lean.

Maximum Explosible Concentration - the concentration above
which an explosion can not propagate. The atmosphere is fuel-rich.
The Maximum Explosible Concentration is not always easily
defined, it is difficult to establish in the laboratory.
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Is Dust Cloud Concentration within the Explos

Roundtable

Ible Range?

Explosion violence of the cloud increases as the dust concentration increases until
an optimum concentration is reached giving the highest explosion violence

At higher concentrations explosion violence decreases or stays

Ref: (Geoff Lunn, 1984)

Explosible Dust Cloud Concentrati

roughly constant
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Range of an Explosible Dust Cloud Concentrattons

Range of explosible dust concentrations in air at normal temperature and atmospheric pressure
for a typical natural organic dust (maize starch), compared with typical range of maximum
permissible dust concentrations in the context of industrial hygiene, and a typical density of
deposits of natural organic dusts (Eckhoff)

Industrial Hygiene Ex&losible Ra;nge

103 10~ 101
104

Mass of Powder/Dust per Unit Volume
(9/m?)



PSCI
*Qﬁzm&hem'“w B DEKRA Insight

Pharmaceutical Roundtable

Appearance of an Explosible Dust Cloud

cloud of 40g/m? of coal dust in air is so dense that a glowing 25W light bulb can
ardly be seen through a dust cloud of 2m (~ 6.6 ft) thickness (Eckhoff)

2m (~ 6.6 ft)

25W

40g/m3 Coal Dust
(MEC concentration) |

Glass
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lllustration of how the blast wave from a primary explosion entrains and
disperses a dust layer, which is subsequently ignited by the primary dust flam
(Eckhoff)

PRIMARY
EXPLOSION DUS-[LAYE.R :

S “.“‘.“‘.“‘.‘ AT RTATA
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Is the Particle Size Distribution Capable of Propagating Flame?

Powders include pellets, granules, and dust particles

Pellets have diameters greater than 2mm, granules have diameters between 0.42mm and
2mm, and dusts have diameters of 0.42mm (420um) or less

The finer the particles the greater the surface area and thus the more explosible a given dust
Is likely to be

When the dust is made up of a series of particle sizes ranging from fine to coarse, the fines
may play a more prominent part in the ignition and the explosion propagation

If the material is friable the presence of dusts should be anticipated in the process stream,
regardless of the starting particle size of the material
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Dust Particle Sizes

420 micron
particle

*} 75 micron
particle
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Whetn combustible dusts and flammable vapors or gases co-
exis

A Hybrid Mixture is hazardous for the following reasons:

» When combustible dusts and flammable gas/vapor
mixtures are present below their respective flammable
limits, they may form an explosible (hybrid)
atmosphere when mixed together

o Dust mixtures in the presence of flammable
vapors/gases may be more easily ignitable in air, even
If the concentration of the vapor/gas is below its LFL

o Powders that are too coarse to be explosible may
become explosible when in the presence of a

ll‘_llz%r[]mable vapor/gas even if the vapor/gas is below its
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Atmosphere Must Support Combustion

To produce combustion, a sufficient amount of oxidant must be available

Oxidants are materials that are capable of “burning” metals, and organic
compounds, by reacting with them to form more stable compounds

Typical oxidants include oxygen, fluorine, chlorine, bromine

The concentration of oxidant below which a deflagration cannot occur in a
specified mixture is referred to as the Limiting Oxidant Concentration
(LOC)
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Flammable liguid/gas/vapor
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DEFINITIONS

TEMPERATURES
— Flash Point
— Lower Temperature Limit of Flammability (LTL)
— Fire Point
— Auto-ignition Temperature
— Boiling Point

CONCENTRATIONS
— Lower Flammable Limit (LFL)
— Upper Flammable Limit (UFL)
— Flammability Range
— Limiting Oxidant Concentration (LOC)
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TEMPERATURE DEFINITIONS

e FLASH POINT

The lowest liquid temperature at which sufficient
vapor is given off to form an ignitible mixture with air
when a source of ignition is present.

e LOWER TEMPERATURE LIMIT OF
FLAMMABILITY

The lowest liquid temperature at which sufficient
vapor is given off in_equilibrium with the liquid to form
an ignitible mixture with air when a source of ignition
IS present.




PSCI
<& ﬁﬁiﬁ&hﬁm'“w B DEKRA Insight

aaaaaaaaaaaaa | Roundtable

TEMPERATURE DEFINITIONS

o FIRE POINT

The lowest liquid temperature at which sufficient vapor is
given off to form a continuous ignitable mixture with air
when a source of ignition is present.

o AUTO-IGNITION TEMPERATURE

The lowest temperature at which the vapor/gas will
spontaneously ignite with air without any external ignition
source.
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TEMPERATURE DEFINITIONS

e BOILING POINT

The liquid temperature at which sufficient vapor is given off
to create a vapor pressure equal to the surrounding
pressure.
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TEMPERATURE DEFINITIONS

e RELATIONSHIP BETWEEN TEMPERATURES

e LTL, Flash Point, and Fire Point have values that are
relatively close
— LTL is lower than Flash Point

— Flash Point is lower than Fire Point

e Boiling Point and Auto-ignition Temperature do not have
values that are close to each other or to the other
temperatures.

— Bolling Point is lower than Auto-ignition temperature.
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CONCENTRATION DEFINITIONS

e LOWER FLAMMABLE LIMIT (LFL)

— Lowest volume concentration of a vapor or gas that will
create an ignitible mixture with air when a source of ignition
IS present.

Below this concentration, the vapor will not ignite.
Note: Previously called Lower Explosive Limit (LEL)

e UPPER FLAMMABLE LIMIT (UFL)

— Highest volume concentration of a vapor or gas that will
create an ignitible mixture with air when a source of ignition
IS present.

Above this concentration, the vapor will not ignite.
Note: Previously called Upper Explosive Limit (UEL)
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CONCENTRATION DEFINITIONS

e FLAMMABILITY RANGE

Range of vapor volume concentration that will create
an ignitible mixture with air when a source of ignition
IS present.

Flammability range is between LFL and UFL

UEL
(UFL)

LEL
(LFL)

Methane 5% VIV 15%
VIV

¢y
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CONCENTRATION DEFINITIONS

e LIMITING OXIDANT CONCENTRATION (LOC)

— Minimum volume concentration of oxidant required to
support combustion

e Typically, LOC is the minimum oxygen required for fuel to
burn. Below this, fuel will not burn even if its
concentration is within its Flammability Range.

Technically, “O” in LOC stands for oxidant.

e Recognizes that chemicals other than oxygen can react
with fuel to cause a fire or explosion.

e For most cases, the oxidant is oxygen, typically oxygen
In air (air is 21% oxygen).
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LIQUID/GAS DEFINITIONS

— FLAMMABLE LIQUID (NFPA 30)

e Aliquid with a Flash Point below 100 °F (37.8 °C).
— Flammable Liquids are classified as:

—Class IA-  Flash Point below 73 F
Boiling Point below 100 F

—Class IB- Flash Point below 73 F
Boiling Point above 100 F

—Class IC- Flash Point above 73 F (&
below 100 F)

Boiling Point above 100 F
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LIQUID/GAS DEFINITIONS

— COMBUSTIBLE LIQUID (NFPA 30)

e A liguid with a Flash Point above 100°F (37.8 °C).
— Combustible Liguids are classified as:

— Class II- Flash Point between 100 & 140 F
— Class IlIA- Flash Point between 140 & 200 F

— Class IlIB- Flash Point above 200 F
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LIQUID/GAS DEFINITIONS

— IGNITIBLE MIXTURE

— A mixture of vapor or gas with an oxidant that will ignite in
the presence of an ignition source.

— Examples:

e The vapors of liquids at temperatures above
their Flash Points.

e Flammable gases between LFL and UFL
concentrations.
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LIQUID/GAS DEFINITIONS

— MINIMUM IGNITION ENERGY (MIE)

— Lowest amount of energy required to ignite a
concentration of fuel and oxidant (i.e., an Ignitible
Mixture).

The MIE occurs when the fuel concentration iIs
between the LFL and the UFL, and typically close
to the stoichiometric concentration.
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LIQUID/GAS DEFINITIONS

— HYBRID MIXTURE
— Material that includes both:

e Flammable Gas or Vapor
AND
e Combustible Dust

DANGER: A Hybrid Mixture causes:

Flammable gas/vapor to ignite below LFL
Combustible Dust to ignite below MEC
MIE to decrease (compared to dust)

[
[
[
e K, toincrease
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LIQUID/GAS DEFINITIONS

— MISTS
— Small liquid droplets entrained in a gas

— Created by:
e Atomizing liquid using gas
e Quenching hot vapors with cold gas
e High pressure jet discharge

* Note: Mists can be flammable even if the Liquid is below its
Flash Point.

*  This means liquid Flash Point cannot be used to assess the
flammability hazard of mists.
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LIQUID/GAS DEFINITIONS

e PURGING

— Displacing the gas inside a container with
another gas.

» Container could be a pipe, vessel/tank, room, etc.

e INERTING
— Purging with a non-reactive “inert” gas.

» Example Gases: Nitrogen, CO,, natural gas, flue gas

e VENTILATION (Local and General)
— Purging with air
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Reaction hazards
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Definitions Relating to Thermal Hazards

» Causes of overpressurisation
» Heat of reaction

- Adiabatic temperature rise

» Arrhenius relationship

« Thermal runaway

* Phi factor

- Heat loss (changes with scale)
- Reagent accumulation
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Hazards Arise from Pressure

« There are three potential sources of overpressure :-
— Gas Generation from the normal process

— Vapour pressure effects (as a consequence of heat from the
normal process)

— Heat from the normal process leading to secondary reactions at
elevated temperature (causing gas and/or vapour pressure effects)
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HEAT OF REACTION

*  AHr (measured in kJ.mol?)
* For the reaction :-
A+B — Products

 The HEAT OF REACTION is the quantity of heat
released or absorbed as products are formed

—ve Exothermic, Heat released
+ ve Endothermic, Heat absorbed
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ADIABATIC TEMPERATURE RISE

* The total temperature rise in a reacting system due to
exothermic activity were there no heat loss to the surroundings.

ATad (measured in K)

ATad = AHr.N/(m.Cp)

Where :- N No Moles of reactant (mol)
Cp Heat capacity (J.kg1.K1)
A Hr  Heat of reaction (J.mol?)
m Mass in reactor (kQ)
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REACTION RATE

*  ARRHENIUS RELATIONSHIP
k = A.exp (E/RT)
Where :
k Rate constant
A Frequency factor
E Activation energy
R Gas constant

* Rate of heat production is dependent on reaction rate (for pseudo 1st order
reaction) by

dQ/dt = K.AHr.Ns
Where : dQ/dt = Rate of heat production
k = Rate Constant (1st Order)
Ne = Quantity of reagent B available at time t
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THERMAL RUNAWAY

dQ/dt _

Temperature

REACTION RATE INCREASES EXPONENTIALLY
WITH TEMPERATURE
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PLANT COOLING CAPACITY

- Reactor cooling capacity is dependent on the heat transfer
characteristics of the reactor.

dQ/dt = U.AAT

Where U = Heat transfer coefficient (W.m=2.K1)
A = Heat transfer area (m?)
AT = Temperature difference between contents and jacket (K)

COOLING CAPACITY INCREASES
LINEARLY WITH TEMPERATURE
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THERMAL RUNAWAY T e

1 Heat generation due to
exothermic process —
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|Heat removal due
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THERMAL RUNAWAY

Desired reaction

- Heat generation not problem if vessel correctly designed and
vented.

- Safety systems will contain or allow controlled release of
pressure.

Secondary Decompositions
- May be initiated at high temperatures

- If not considered during vessel design may cause over
pressurisation

Rapid, simple screening method required to alert against problem
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PHI FACTOR

A+ B > Products
AH

The heat generated in an exothermic reaction is consumed in three ways

To raise the temperature of REACTION MASS

To raise the temperature of the REACTOR

Heat loss to the ENVIRONMENT

111

cCa®

b
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PHI FACTOR

¢ = Heat Capacity Sample + Heat Capacity Container
Heat Capacity Sample

NB : Heat Losses not considered

— 1 m3 Glass lined reactor (Jacket empty) ¢ 1.41
— 10 m3 Glass lined reactor (Jacket empty) ¢ 1.13
— 10g Carius tube screening test (best) ¢ 2.5
— Accelerating Rate Calorimeter (best) ¢ 1.5

— Adiabatic Pressure Dewar Calorimeter (best) ¢ 1.05

— 250 ml Round bottomed flask (best) ¢ 1.1
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Heat Loss Considerations

Vessel Time taken for 1° C
dropat 80° C

25 m3 reactor 233 minutes
12.7 m3 reactor 59 minutes
2.5 ms3 reactor 21 minutes
10 cm3 test tube 11 seconds
100 cm3 beaker 17 seconds
1 | glass Dewar 62 minutes

1| Dewar with -1 K oven 247 minutes
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PHI FACTOR

Temperature

A

Time

Probability of
SECONDARY DECOMPOSITION
Overpressurisation
Loss of Containment

D DEKRA Insight



PSCI
*Qﬁzm&hem'“w B DEKRA Insight

Pharmaceutical Roundtable

TESTING

Testing should:

Consider the consequences of all conceivable process
deviations.

Be conducted under plant scale heat loss conditions (or have an
appropriate safety factor applied).

Replicate plant conditions in all ways possible (including use of
plant materials, consideration of materials of plant construction)



PSCl &% 55, crem
e G USENCIEMSY By DEKRA Insight

JTICAL
SUPPLY CHAIN
IVE

Pharmaceutical Roundtable

REACTANT ACCUMULATION

A condition where :
Rate of Reactant addition > Rate of reaction

A

7
Rapid Kinetics | Work off period

dQ/dt

Time
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REACTANT ACCUMULATION

Determined by process analysis

Causes (Not exhaustive) :

« Wrong kinetic assumptions
 Inefficient agitation

« Poor temperature control

* Impurities

* Incorrect initiation
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INTERPRETING ANY DATA

*  When reviewing any data it is critical to identify:
— the test method (and standard, if applicable)
— the test conditions
« (ramp rate, scale, thermal inertia, adiabaticity, etc)
— limitations of the test
* is it appropriate to your particular situation
— errors / reproducibility
* hence safety factors / margins required

— reliability of the source of the data
— competence of source to provide interpretation
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Summary

Burning & explosion

Accident introduction

10 myths for ignition sources
Introduction of ignition sources



Burning & explosion
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Burning & explosion

“Ignition sources are the only thing we get for free
In the chemical industry” — T. Kletz

a lfe prreventing themm (n induslny

with a foremord In

SIR JOHN HARVEY-JONES
Slide 187 © 2012 DEKRF




Pharmaceutical Roundtable

Burning & explosion

. the temperature

. the total energy supplied

. the rate at which it is supplied, or the time
period over which it is delivered

4. the area over which it is delivered

WN -

Slide 188 © 2012 DEKRA
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Accident introduction I R
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1 I've been loading powder to that reactor via an open manway
for 30 years and have never had an
explosion so | can’t have an ignition problem.
PAEIXA [ M s AR C & i 1304, {HE MRIEH kAT
BEXE, B LRI A B AL A U i) it

2 | operate the process below the liquid flashpoint so I'm safe.
FERAE R L 2B AR TR N R, B AR 224 )
3 We can use literature data for our dust ignition properties,

materials don’t vary.
X TR A BA TR B2 SCHRE R, BT XA B AR SE TS,
A=A

4 We don’t have an ignition problem because we use a hot
work permit.

HAIN A IR, BRONEATE 2/ 1 3 K VFATHE

Slide 194 © 2012 DEKRA
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10 myth for ignition sources oSG

Myth R X

5

My operators can’t become electrostatically charged; they
don’t rub against anything.

IHIBRE N AR AN P A L, RO I IR R
Everything is earthed so | have no problem with static.

P A B ZR P R4t 1, Pt DA IACAT 7 FEL AR ]

We must bond across all pipework joints..

PAT I A i 1

We use an earth clip for drums, so we are safe.

PATE e e e Jmad, ol DARRAT AR 22 4

| don’t have any isolated conductors on my plant and it's
metal to metal contact so it should be earthed -

right?

FERH L A ARAILA S, 1 HAS T 5w A <5 s %,
It LART LA N R, AN 2

Slide 195 © 2012 DEKRA
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Myth R X

10 We issue static dissipative footwear so we dont have a
problem with sparks from people or hand-held tools
and | didn’t think people could ignite flammable vapours
anyway.
PATTH 53 A A BOAR R BV HCEE , T EARAITA B N R
KACTH R HI XS, AN TR LR KIEB R, FATTA
WATRATTH 7 T2 SR G R 7RIR

Slide 196 © 2012 DEKRA
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10 myth for ignition sources

ypical ignition sources

e Smoking o Electric sparks

e Open flames o Electrostatic discharges

e Welding e Lightning strikes

e Cutting e EXxothermic runaway chemical
 Grinding reactions

o Hot surfaces e Self-heating / spontaneous

« Frictional heating combustion / decomposition ‘

e Mechanical impacts




* Hot surfaces

« Flames and hot gases (including hot particles)

* Mechanically generated sparks

» Electrical apparatus

« Stray electrical currents, cathodic corrosion protection

« Static electricity — five different types of electrostatic discharges

« Lightning — atmospheric static

« Radio Frequency (RF) electromagnetic waves from 104 Hz to 3 x 102 Hz
« Electromagnetic waves from 3 x 10 Hz to 3 x 101> Hz

* lonising radiation

« Ultrasonics

« Adiabatic compression and shock waves

« Chemical reactions / thermal decomposition leading to self-ignition

EN1127-1: FULL IGNITION SOURCE LIST (NOT ALL WILL BE “EFFECTIVE”)



. S ESCI £ ﬁ%‘%?{bfe"em's“y B DEKRA Insight
Introduction of ignition sources =~ et

Legend: 35 T
A = mechanical friction/heating 30 -
B = smoldering

C = static discharges 25 -
D = fire, flames 20 -
E = self heating Yo 15 -
F = hot surfaces

G = hot work 10
H = electrical equipment O -
| = unknown, not determined 0 -
J = other

ABCDEFGHI J
Ref: BIA Report 11/97: 600 incidents
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Introduction of ignition sources
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Introduction of ignition sources

* Machinery generated sparks

- Open fire (example: welding)
 Electrical equipment

- Hot surfaces

 Electrostatics

- Self heating

- Adiabatic compression

Slide 201 © 2012 DEKRA
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Introduction of ignition sources

4 main characteristics
1) Temperature
2) Total energy supplied

3) The rate at which it is supplied, or the time period over
which it is delivered

4) The area over which it is delivered

Slide 202 © 2011 DEKRA
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Machinery generated sparks
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Machinery generated sparks

2Al + Fe, 05, — Al,O; + 2Fe + heat

Slide 205 © 2012 DEKRA
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Can Dropped Objects ignite flammable vapor?

Slide 206 © 2011 DEKRA
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Machinery generated sparks

Low energy: 10 J Object moved Object Substance ignited
struck
alunminum hand tool | brickwork AMIMONIN
Medium energy: 1 kJ boot or shoe nails caked perchlorate
brass rod material carbon disulfide
_ metal pipe concrete cellulose lacquer
High energy: over 1 MJ connector steel denatured alcohol
steel hand tool diazonium salt
various heavy metal ethylene
objects moved gasoline
grain dust
hydrogen
LPG
paint thinner
propane
thermite
town gas

Slide 207 © 2011 DEKRA
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Machinery generated sparks

Fuel gas Min. load for ignition (N)
At5ms’ | At20ms’
hydrogen 120 <120
propylene oxide 250 500
ethylene 250 600
methanol 850 625
diethyl ether 900 600
propane 1100 800
acetone 1200 500

Slide 208 © 2011 DEKRA
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Machinery generated sparks

Slide 209 © 2012 DEKRA
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Open fire

Welding spatter

Slide 210 © 2011 DEKRA




Open fire

Welding spatter
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Target fuel Particle dia. | Ignition
(mm) time (s)
acrylic batting 1.1 <1
cardboard, corrugated 2.5 7-—8
cotton cloth 3.1 5-6
cotton wool 0.9 <1
ethanol 1.1 <1
gasoline 1.4 <1
kerosene 1.5 NI
kerosene-soaked cloth 1.3 <1
newspaper 2.5 4-35
oil, light 2.0 NI
oil, light, soaked in cloth 1.9 <1
polyurethane foam 0.9 <1
polystyrene foam 1.3 3—4
sawdust 1.5 <1
wood shavings 1.9 4-—5
" smoldered after 4 — 5 s
NI -no i_gnitiml
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Open fire

2 3 Dangers_of Hot Work

Slide 212 © 2011 DEKRA
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Electrical equipment

Slide 213 © 2012 DEKRA
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Electrical equipment

* Electrical arc
* QOverheating wires
« Qverheating electrical connections

« Ejection of hot particles

Slide 214 © 2011 DEKRA
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Electrical Equipment Marking

( / g
& Worldwide Ex In. Q
Industrid Park Road 1, 6812 AR Safesity, Netheans
Model PT 4-20
c € 0344 @ 126G
1D ¢ .
DEKRA 13ATEXO123 X 4

Exd [ib] IIC T4 Gb

Exfot IC Tgg 120 °C Da Class |, Div 1, Groups ABCD T4A;
Associated Apparatus [Ex ic] Provides IS
|__ outputs for Class |, Div 1, Groups ABCD

SQQUMHQG Classs NI, Div 1, Group EFG T(120C)

Ex Ex d [ib] I T4 Gb
gm_:m N D Ex 1 IIC Tgey 120 °C Doy
s DEKRA

Classs |, Zone 1, AExd [ib] IC T4 ,
\([ IECE= DEK 13.01 23X Class I, Zone 20, AExta lIC Tso 120°¢ | ({

Specific ATEX Specific |ECEx Marking required by the
markings markings staandamds usad under

ATEX, [ECEx, INMETRO

cind Canada (Zones)
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Hot surfaces

Slide 216 © 2012 DEKRA
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Static Discharges

* Six types of industrial electrostatic discharges, as follows:
— Spark
— Brush
— Enhanced (or transitional brush discharges)
Propagating brush
— Cone
— Corona
- Also outside type
— Lightning type
- Effective / available energy depends on source of discharge




P S C |
AAAAAAAAAAAAAAA Qﬁgiﬁ'z,tcehem'“ry D DEKRA Insight

INITIATIVE Pharmaceutical Roundtable

Static Discharges




PSCl &525,. chem
oSG SN CemtY By DEKRA Insight

SUPPLY CHAIN
INITIATIVE Pharmaceutical Roundtable

Static Discharges




PSCl &5 55, chem
oSG SN CemtY By DEKRA Insight

SUPPLY CHAIN
INITIATIVE Pharmaceutical Roundtable

Static Discharges




Static Discharges

Charged object

Capacitance (pF)*

Stored energy

(mJ)**
Small metal items 10 to 20 lto2
(scoop, funnel, nozzle, ...
Small containers 10 to 100 1to 10
(bucket, 501 drum)
Medium containers 50 to 300 5to0 30
(2001 drum,...)
Plant items 100 to 1000 10 to 100
(reactors, ...)
Person 100 to 300 10 to 30
Road tanker Up to 1000 Up to 100

* 1 pF = 1x10%2 F

** Based on a potential of 10 kV — Can be +/- higher
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. Ohm
Rg < 10° Ohm
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Case Study — Barton Solvent Fire & Explosion

Key Lessons for Safe Handling and Storage of Flammabl

Ensure that equipment, such as fill nozzles and hoses, is bonded and
grounded and designed for flammable service

Use dip pipes when top-filling portable tanks
Install fire suppression systems in flammable packaging areas
Separate flammable packaging areas from bulk storage areas
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Case Study — Barton Solvent Fire & Explosion

Vapor

Fill Nozzle
=
(&M : o gl

e Py I—.— >

Ethyl Acetate /6
(GrW
(Pump)
(Ground)

-+ / Weigh Scale 1

-
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Case Study — Barton Solvent Fire & Explosion

Lowest MIE® Stoichiometric Mixture Flammable Limits
Gas or Vapor' (m]) (% by volume) (% by volume)
Eiyl acetat 123 402 JHILS

Class IB flammable liquid.

Table 2. Electrical conductivities of selected liquids.

Electrical Conductivity,
Liquid Y, PS/m
Conductive liquids (y > 104 pS/m)

Ethyl acetate (25°C) 46 x 104
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Case Study — Barton Solvent Fire & Explosion

Top-Filling & bottom fill

Nozzle/Dip Pipe Bonded to Tote and Pump
Mozzle

(Ground)

-

Jlll

Weigh Scale

{Ground)

Pump
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Case Study 2 — Barton Solvent Fire & Explosion

ISSUES
* Nonconductive flammable liquids can accumulate static
electricity during transfer and storage.

= Static sparks can readily ignite flammable vapor-air mixtures
inside storage tanks.

= Material Safety Data Sheets (MSDSs) often do not adequataly

communicate hazard data and precautions.



1_3_Static_Sparks_Explosion_in_Kansas.mov
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Case Study 2 — Barton Solvent Fire &
Explosion P s—

VM&P naphtha tank Emergency Pressure Pressure/Vacuum Valve
and photo of Relief Device
an example float

Liquid Level
Tape Gauging
System

Gauging
View Glass

Transfer Pump

Tanker-Trailer
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Case Study 2 — Barton Solvent Fire & Explosion

~ (Side View)

Spark
Area
Tape e
H
-l-'i‘n—}-
Linkage
Assembly

Float Body
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Case Study 2 — Barton Solvent Fire & Explosion

f}_)
Tape
Bonding Wire
Linkage
Assembly ®

Float Body
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Case Study 2 — Barton Solvent Fire & Explosion

Barton solvent

Slide 231 © 2011 DEKRA
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Self heating
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Pressure
(r-1)/7 y-1
Ir [ [ v
I P . Vs .

Forair r=Cp/Cv=14

Slide 233 © 2011 DEKRA
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Process Safety Accidents In
Pharmaceutical Industry

The Global Experts in Explosion & Process Safety
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Cain Wang
R oK TPy

CIH, CSP
Process Safety Consultant
Cain.Wang@dekra.com.cn

- Over 10 years experience of process safety and
EHS in North America and Asia pacific

- Expertise include DHA, Electrostatics, chemical
reaction and PSM

- Excellent understanding in NFPA, ASTM, IEC

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
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Summary

» Seveso accident
» Spray dry fire
- ABC company hybrid deflagration
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SEVESO

cnsphoto

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
Attendees Only | Not For Broader Distribution




SEVESO

Stage 1
1. 2. 4. 5-Tetrachlorobenzene

Ci Ci + 2 NaOH

Cl Cl

Stage 2

ClI ONa + HCI

Cl Ci

P S C I ({g) égesen Chemistry ‘
pumczcn gl Institute D DEKRA Insight
INITIATIVE Pharmaceutical Roundtable

2. 4. 5-Sodwum Trnichlorophenate

Cl ONa
+ NaCl
Cl Cl

2. 4. 5-Trichlorophenol

Cl OH
+ NacCl

Ci Cl

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for

Attendees Only | Not For Broader Distribution
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SEVESO

Stage 2 2. 4. 5-Tnichlorophenol

ClI ONa + HCI ClI OH
- + NaCl
Cl Cl Cl Cl

e 3 O
Cl OH___Cly ql 1 Cl Cl 3

Cl Yo BT Cl s Cl Cl 2

.........
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A LDs; to various animal species
Species LDzg Reference
(ng/kg)
(Guinea pig (male) 0.6 Schwetz et al. (1973)
Rat (male) 22 Schwetz et al. (1973)
(female) 45 Schwetz et al. (1973)
Rabbit (male) 115 Schwetz et al. (1973)
(female) 115 Schwetz et al. (1973)
Mouse (male) 114 Vos et al. (1973)
B Relative toxicity of some highly toxic materials
Substance Minimum lethal dose
(moles/kg)
Botulinus toxin 3.3 x 1077
TCDD 3.1 x 1077
Strychnine 1.5 x 107"
Sodium cyanide 20 x 107
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SEVESO

V: 13875 L

Psteam: 12bar

Tsteam: 188 degree C

No automatic control of heating
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Hupture disc

SEVESO T

Vent line

Condenser

-

TCB

NaOH
—< Water

Xylene Ethylene glycol

Xylene

é N Heating and

cooling
s (steam/water)

.

&
X
=

D<) = 10 2nd vessel
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SEVESO

2000kg TCB

1050kg NaOH

3300kg Ethylene glycol
600kg Xylene

Friday :  16:00 final reactor batch started
Saturday: 5:00 Final reactor batch interrupted
6:00 shift ended
12:37 Bursting disc on reactor ruptures



< ﬁ@‘i’ftﬁtcehem'StW D DEKRA Insight

\\\\\\\\\\ Pharmaceutical Roundtable

SEVESO

Outcome of the accident

729 people evacuated

14 yrs after the accident

- 193 cases Chloracne

- Peripheral neuropathy

- Cancer (lymphatic and hematopoietic
tissue neoplasms, gastrointestinal cancer,
breast cancer)
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SEVESO

Accident direct Cause

(1) Interruption of the production cycle.
(2) Method of distillation.

(3) Set pressure of bursting disc.

(4) Failure to install collection/destruction system for
material vented.
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SEVESO
Root Cause

® | ack of knowledge for chemical reactions

® inadequacy of the measuring equipment for a
number of fundamental parameters

® absence of any automatic control system

® Measurement of acidity was carried out
manually by immersion of a rod with an indicator
chart (sic) through a secondary inspection
window

® The reactor vessel was not given a hydraulic test
as the reactor was considered to operate at
atmospheric pressure.

® The fitting of the bursting disc was not reported
to the state pressure vessel inspectors.
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SEVESO

Root Cause
Decomposition

« 1stpeak at 185 degree C(induction time 2.1 hours)
« 2" peak at 255 degree C(0.5 hours)
Side reaction:

HOCH,CH,OH + 2NaOH --> NaOCH,CH,ONa + H,0O - Q
(230 degree C, rising rapidly to about 400 degree C)
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SEVESO
Lessons from SEVESO

Enhanc
Attendees

Public control of major hazard installations
Facility siting

Acquisition of companies operating hazardous process
Hazardous of ultratoxic substances

Hazards of undetected exotherms

Hazard of prolonged holding of reaction mass
Inherently safer design of chemical processes
Control and protection of chemical reactors
Adherence to operating procedures

Planning for emergencies

Difficulties of decontamination

ing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
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SEVESO

Important follow ups from this cases

« Improved regulatory arrangements for the control
of hazardous plants

« Generate Seveso Directive

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
Attendees Only | Not For Broader Distribution




PSCl &3 55, crem
oSG BN ChEMSY By DEKRA Insight

INITIATIVE Pharmaceutical Roundtable

SEVESO

Process Safety
Information

PSSR Protection Incident
Investigation
of
Hot Work —
e Employees W>
Planning
< MOC ) Wse/
N > |
\/ —
Compliance
Audit Trade Secrets

Documentation Control/Access

Management Commitment




Safe Drying of Powders on an Industrial
Scale

Incidents and Case Study: Spray Dryer Incident
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“Hot” off the Press

» Fire-fighters called to factory producing milk products, at 1lam (AEDT)
Tuesday 21 Feb. They managed to contain the blaze to one room.

* "The fire is the result of a large dust explosion within the milk drying
chamber that has extended into the collection and transfer ducting and
surrounding equipment,” CFA operations officer lan Pattie told AAP. "The
quick action of fire-fighters prevented the spread of the fire in to the
packaging and storage area adjacent to the drying plant.”

« Estimated $3 million damage caused to the milk drying chamber and
surrounding equipment, little structural damage done to the building.

« The factory is expected to be able to continue its wet milk operations, but
the dried milk operations could be shut down for weeks.
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Dryer Incidents
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Spray Dryer Milk - Incident - Scenario

* Incident occurred 2004 in plant operating for many hours
« Spray dryer 10 m diameter - fixed nozzles / milk powders
* Incident resulted in plant overpressure

« EXxplosion propagation to sieve room

« Proprietary vents on dust filter did not open

« Fire damage

« Internal plant walls blackened

« Atomiser air inlet filter melted
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Incident photographs

View of top of spray dryer
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Incident photographs
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Incident photographs
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Incident photographs
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Incident photographs
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Analysis — flammable atmosphere?

« Flammable atmosphere 1. Milk powder

« Flammable atmosphere 2. Carbon monoxide (CO)
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Milk powder data

Classification Ignition sensitivity Explosion Static Burning Thermal Limits
of data severity properties |behaviour| decomposition
Test LIT MIE MIT 20 litre Resistivity [ Burning [Bulk Cell |Aerated | MEC LOC
parameters P max Kt rate Cell
°C mJ °C | bar g bar mst Qm (BZ) °C °C gm=3 | vol %
Dust Dust cloud Bulk powder Dust cloud
layer
Milk powder | 360 |10-30| 360 | 8.7 149 6*1012 3 No No 45 No
(St 1) data | data data
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K Powder Diffusion Cell Screening

&

ACS
Green Chemistry
Institute’
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D DEKRA Insight
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Time in minutes (> 40 hours)
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Bulk Powder Isothermal Test

Bulk Powder (Diffusion Cell) Isothermal Test @ 200°C

280
s |
— 18D -
z ! — O T
£
E_ —— Sample Top
= 1080 A — Sarmple Upper
— Sample Lower
Sarmpike Sas
50 -
cl T T T T T T T T T T T T

a 481 880 1423 1820 2200 288D 32380 38s0 =220 4800 BB1 5D

Tirre{mirs}
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Thermal Decomposition Test Data

Thermal Stability Characterisation

Bulk powder (diffusion cell) test (T, - onset temperature, °C) 283
Isothermal @ 200°C Limited exothermic activity
Isothermal @ 180°C No exothermic activity
Isothermal @ 160°C No exothermic activity
Aerated cell test (T, - onset temperature, °C) 227
Isothermal @ 200°C Limited exothermic activity
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Thermal Stability Tests
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Plant Operating Temperatures

« Operational parameters in the spray dryer were

- Inlet drying air temperature : 152 °C
- Base of dryer temperature : 68 °C
- Cross-over pipe to filter : 100 °C (fines drawn to filter)
- NOTES:
» MIE =10-30mJ
»MIT =360 °C

»LITSmm =360 °C
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* Hot surfaces

« Flames and hot gases (including hot particles)

* Mechanically generated sparks

» Electrical apparatus

« Stray electrical currents, cathodic corrosion protection

« Static electricity — five different types of electrostatic discharges

« Lightning — atmospheric static

« Radio Frequency (RF) electromagnetic waves from 104 Hz to 3 x 102 Hz
« Electromagnetic waves from 3 x 10 Hz to 3 x 101> Hz

* lonising radiation

« Ultrasonics

« Adiabatic compression and shock waves

« Chemical reactions / thermal decomposition leading to self-ignition

EN1127-1: FULL IGNITION SOURCE LIST (NOT ALL WILL BE “EFFECTIVE”)
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Potential “Effective” Ignition Sources

« Smouldering nest / particles

« Main factors affecting thermal decomposition

« Electrostatic discharges

« Overheating bearing
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Fit CO detection system to respond
Fit effective measures to prevent explosion propagation

Determine specific thermal decomposition data for onset temperature
/ duration — select operational parameters

Avoid deposits & build-up in ducts (engineering solutions)
Earth all fixed and mobile items
Operator Training - more aware (and beware) of hazards
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ABC company fire accident

Powder handling unit - Blender

DCS control by sequence
a. Inerting
b. feed IPA automatically
C. open valve Feed point
c. feed powder automatically Forkiit

Powder: MIE <20mj Entrance
Volume resistivity >10 Ohms.m

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
Attendees Only | Not For Broader Distribution



PSCI
<& Green chemistry B DEKRA Insight

Pharmaceutical Roundtable

ABC company fire accident

Powder handling unit - Blender
Accident description

a. Valve cannot be closed

b. Maintenance has a discussion with manufacturing
team

c. Use constant nitrogen gas to inert system

c. Manual feed by 2 operators

d. A deflagration happen

e. Two operators are seriously burned

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for
Attendees Only | Not For Broader Distribution




PSCI
*Qﬁzm&hem'“w B DEKRA Insight

Pharmaceutical Roundtable

ABC company fire accident

Accident direct cause

1) Electrostatics ignition source
2) Hybrid deflagration
3) Ineffective blanketing

Accident root cause

1) Lack of MOC

2) Ineffective PHA lead to ineffective control
3) Safety culture

4) Poor arrangement of working place

5) Lack of PPE
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THE END

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intend or
Attendees Only | Not For Broader Distribution




PSCI @ {Enaemsy B> DEKRA Insight

Pharmaceutical Roundtable

PHARMACEUTICAL SUPPLY CHAIN INITIATIVE

CLASSIFICATION OF HAZARDOUS AREAS
falm 2R

Presented by
Tomsen Sheng

Senior Process Safety Consultant
DEKRA (Shanghai) Co., Ltd.
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Agenda

i Available Guides for Gas / Vapour HAC
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Philosophy of Hazardous Area CIaSS|f|cat|on

Ja i3z B o S5 IR B

* Area classification assesses the probability of flammable
atmospheres occurring inside of plant, the workplace, and
elsewhere

o JERSIH P R VAG T, B IA] S A DX 3 N R AR R KR AR IR B ) ]
[y

« Once the probability is established, ignition sources can be
prevented to match this

VPRSI AR, T R R AT IR
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Available Guides for Gas / Vapour HACHH = br i

- IEC 60079-10-1 (2008), EN 60079-10-1 (2009)
— International methodology standard [ B 15
— essential but limited guidance on zone extent
— GB3836-14(2000) = IEC 60079-10-1
— National methodology standard [E #7#i
— NFPA497
— USA methodology standard [E Fr#E
+ |P15 3 Edition, 2005
— Code of Practice, Institute of Petroleum (Energy Institute) £ Jii )

/_Z:\

but contains many useful examples for all industries with
Installations handling flammable liquids
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5 Steps to Performing a Hazardous Area =
Classification (HAC)$AT fa & 37 i 70 25 00 T 25 1%

- Step 1 - Obtain datazk B

- Step 2 — Identifying sources of release % H| B¢ i
- Step 3 — Assigning a grade of releaseff x& B0 25 24

- Step 4 — Assign Zone number and extent of zoneffj g X &2k MG

- Step 5 — Record and documentic 3% 31744

i
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Step 1 — Material Data RequirementsfiT 7 £

- HAC for gases and vapours requires the following data<,
PEMZIT G837 Pl 0 2R TR 2L UL T 28
— flash point [A] /4
— explosion limits/&/E kR
— auto-ignition temperature H X5
— gas group .44
— vapour density*Z& 75 L &
— liquid density*# {4 bt &
— molecular weight*7) T &
*not flammability datadf 5 A1 Fdis
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Step 2 — Identify Sources of Release iR A B L5
- Think First?4¢ 82 ?

- Are there any sources of release?

o MRS b T S R RO ?

« Can sources of release be eliminated?

o OBEBOIR R A AT BUHBR

* Is there enough flammable material to produce a dangerous volume of explosive
gas atmosphere?

© A RN SR L ] T BUE R R R SR IA 7

« Can continuous sources be changed to primary ones and primary sources to
secondary?

o FFEEREIOIE A S BE PR B — B ORI ?
« Can poor ventilation be improved?

© EREXEEEHR?

« Can availability of ventilation be improved?

© EXAYRTEEERET IR S
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Steps 2 — 3: Identify Release Points / Grades
R TIOIR IS5 2%
« Full (up to date) plant drawings
© BOFTHY) X IEAR
«  Written operating instructions
o T AR AE U R
- List of changes to plant or process
C TR AR
*  Observation of operations
-« DUFBRIENE

Attendees Only | Not For Broader Distribution 2
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Grade of Release B ZE 2

Continuous gradefFEEREIR

-« continuously, or for long periods, or frequently
- RREE, K, /aFm

Primary grade—Z& B JE

« periodically or occasionally during normal operation
o IR HRAE R B AR R AE Y
Secondary grade —ZRBiIE

* notin normal operation

« only infrequently and for short periods

o JEIEFEERAETH

o« RO IF R BRI
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EXAMPLES OF SOURCES OF RELEASE
B TBCIR A

- Continuous¥rsE
— Surface of flammable liquid (e.g. in vessel)
SRR (AN 25N
- Primary—Z&
— Pump or valve seals where release normally expected
— TR IEH IO T 2t B ) 28 Bl I 1] % 4
— Water drainage points for flammable liquid vessels
— GIABIR A HEK R4
— Sample points used as part of normal operation
— 1B R B BURE A
— Relief valves, vents, etc. active during normal operation

— IEWEAE P TP R MR, HER RS

Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for 28
Attendees Only | Not For Broader Distribution 4




PSCl &35 cem
e SRR B> DEKRA Insight

EXAMPLES OF SOURCES OF RELEASE
BB 2E 1

- Secondary —Z%
— Pump or valve seals, release not normally expected
— T IR BRI AN it R 2R B IR )
— Sample points not used in normal operation
— AR R R UM A
— Relief valves, vents not normally active
— IEWHEAE P AT B R, HE
— Flanges, connections, pipe fittings

— VA=, R, EIERCIRAL
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Hazardous Explosive Atmosphere
“small quantities &R />"?

O,

- 1 litre of liquefied propane in aerosol can

LR A B g T LA

«  When released forms 260 | of gasii
AT CARE I 26 0L 1 <A

Diluted in air to the LEL (propane =2 %
v/v) produces 13,000 litres (13 m?3)

volume of explosive atmosphereft 5=+
MR RIRENE T IR (e KE T IR2%)
AIFEA13, 0007 (133775) MIMEIEMS
PRIAEE
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Not Sources of Release for HA(HIE%:EM?

The following situations would not usually warrant a release A & /i
HAE RO

- Covered holes and openings in side of well sealed vessels

« Overfill vents of tanks with high integrity level protection

o B R IE DR O RE A B Y I

- Releases from all-welded pipework (of good weld quality)

- EEEEE RERE) KM

- Releases of low pressure natural gas in well ventilated areas
(recent HSE work)

o I8 R I3 PR R IR TR

- Releases of liquids at a temperature less than
5 ° C below their flashpoint (provided they cannot
be heated after release)

o BB IR AR T NGB ELL R B RBUA R BUR AN 2 B HO

Enhancin g Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for 28
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Eliminating Sources of Release/% Bﬁ*ﬁﬁlﬁ

* Measures to minimise likelihood and extent of vapour / gas atmospheres:
— Keep lids on open vessels with solvents £ T 1 Ak 2% ]
— Minimise use of ‘open’ filling and decanting of solventik# &, it H- 2 2% #)
— Good maintenance of pumps, relief valves and pipeworkZZ, &[] F1% & 1)

EYSRVETE
— Frequent inspection and leak testing of all flexible hosesFr & #E 1) € #H:
A AR

— Use of all welded pipework/fsi F 4> /5 a4 i

— Back balancing of road tankers# 7= [/ 7/ Z-{# 5

— Use of closed sample systems/i F 35 ] i BURE £ 4

— Use of ‘sealess’ pumps (e.g. magnetic drive)f# F A 75 2 Ef 1 2=

— Use of local extraction ventilation (LEV){i#i F J& 18 |

— Avoid venting tanks to atmospherefi & G B 2 AE

— Washing filters with water before replacing 5 #J& #4 i} 2 FH 7K 7 1

— Closed addition systems for powder additions to flammable liquids[n] Z ¥4k

(LNpIibsig Ny %lﬂ HAB IR R 5t
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Internal Zoning N #5747 [X

* Plant internal zoning is also important - affected by:
o RE NE X AR B -2 DR 52
— Inerting gt
— Vacuum operation & 2= #:1F
— Variability of contents (filling / emptying frequently?)4
BARAL CInBHEVRIATE ? O
— Access ports i A ]
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Effect of Inerting on Grade of Release

(AR E /A

« Use of inert gas e.g. nitrogen allows a Iess
severe grade of releasefii H L AR A<
A DA B ARCRE JRO)R 55 2

- Example: In an inerted reactor: 1l 4nfE— M
(RSN

— Primary grade if it can be proven that
inert atmosphere is reliable and the
oxygen concentration adequately low

— ORI ST LMRIE RS (LR B A 4,
EZRNES - I A IS

— Secondary (or non-hazardous) if above
conditions met and inerting system is
high integrity (would require a quantified
assessment to justify and possibly IEC
61508 review)

— R EAE R T R A LIRS
ﬁﬂﬁﬁf"‘ﬁ%,\ﬁ/\ﬁﬁmﬂﬁ%ﬁﬁé@f (R 22

AT UE T Sk Uk B D
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Effect of Vacuum on Grade of Release
HL SN R AR 2 1) s )

« Use of vacuum can allow a relaxation of the grade of release
o A% B A R AE AT DA FRARORE TR0 S5 2%
«  Example: vacuum pumps can justify: i, 2545 a] DL
— Primary grade when equipment is running, often little oxygen or
fuel rich (or both) — start up/shut down?

— EERAEIN RO — FOR0R, B A A EE R 2 (8k
#A D - R H G SR A ?
« Continuous grade should be assumed when pulling vacuum e.g.
from pan filters where air can be pulled through in normal operation.
o HTERAER WA AR N, Wi AN A R RGN
WAERF SR TR
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Step 4 — Assign Zone and Zone Extentmx/\EE&/al

Enhan

Zone definition: An area in which an explosive atmosphere

consisting of a mixture with air of flammable substances in the form
of gas, vapour or mist is....

Zone 0

* .... present continuously or for long periods or frequently

. REFAREKIRELERFE

Zonel

* .... likely to occur in normal operation occasionally

: 1B H BB A 1) v e 1A] W e A

Zone 2

* ....not likely to occur in normal operation but, if it does, will

persist for a short period only

- IEEERBEIEPASRE, mRKE, WRARERFE

Note: Normal operation includes expected abnormal, but not
catastrophic events

EE: ERFRELBETHNLERERFL, BRAMERAEEE
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Step 4 - Grades of Release and ZonesHE it 14y X 252k
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Step 4 — Extent of Zones%> X 4

- Method 1: The direct example method 5| F#r#E5] &

- Method 2: The point source (source of release) method BBIR
i

- Method 3: Calculationit®
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Step 4 - Direct Example Z %1

O O O
o O o| Zone0

Zone 2

Liquid

b AL B e T L A

\__ Sump IEC 1249/02

Taking into account relevant parameters, the following are typical values which will be
obtained for this example:

a = 3 m from vent openings; 3
b = 3 m above the roof;
¢ =3 m horizontally from the tank.

Example from IEC-60079-10-1: Outdoor tank for flammable liquid
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Step 4 - Direct Example Z 1 ¥

* Qutdoor, ground level pump with
mechanical seal

*  Other examples include:
- indoor pumpE N %
- breathing valve from vessellFH (&

- valve in pipework’& & i ]

- indoor process mixing vessels P i , A
2

- outdoor oil / water separator’s #h i 7K

Iy A

- enclosed hydrogen compressori:} 4]
R4
- outdoor storage tank s M i

Dimensions:  a = 3 m horizontally from source of release (radius)

- outdoor tanker f||||ng Sta“on:%ﬁl\j%% b = 1 m from ground level to 1 m above source of

release

- mixing room in paint factoryyii] i
FF: 8]
- tank farm [X
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Step 4 - IP15 Direct Example /] &
Road Tanker Unloadingt 4= #14}

AT
R
i Fetelelaty
‘.ﬁ:ﬁﬁ-ﬁp‘#‘i‘ 2

| e r S ]
i b i el e il I e
E s ”_‘i’ = ’..-....-..l-..i..h...i.h .‘... -
I 4 " B s o ey o )
-1 d R Yl i‘.’-t-?ﬁ?-fﬁ*&*ﬁ?&&?ﬁ*ﬁ!&?ﬁ‘a'i-f el

|
| ] .'lITI ) | d m ] I—-I

Mote: Ullage space in the road tanker should be classified as Zone 0.
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Step 4 - IP15 Point Source Examplef it 4 2431
Liquid Pool Due to Spillage & 7 i ) b 1

* In open areas the zone should be
Zone 2 (secondary release)

 If the length of the spill (L) is:
— <5mthenR; =3 m*
— 5-10mthen R, =7.5m*
— 10 or more then R; = 15 m*

» The height is usually 1 m*
Note:

Example for Category C liquid up to 50 ° C but
for volatile liquids or elevated temperature, ‘h’
may be up to 3 m or more

Cat C: Liquids above their flash points
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Step 4 - IGE/SR/25 Point Source Example%%}iﬂ%iﬂﬁéﬁl (Flanges
screwed joints etcys: *% MA L f2 45
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Ventilationid X

- Poor ventilation can lead to larger or more severe zone
designation (e.g. Zone 2 to Zone 1)

o« AR ZHE R AT LU SO X o el (an2 X AR LX)

« Also, high ventilation rates can be used to relax the classification,
sometimes even as far as “non-hazardous” because zone is of
“negligible extent”

© R, EHIEXE R LRI X R, ANERROAEERIX,
IR 9 70 X ¥ [ /s 21 g AN T

- Such high degree of ventilation is virtually only applicable to local
artificial ventilation

o IXFERY TSSO XOE T H IS H T R R X

- Avalilability of ventilation is crucial

o XA ATEEME R A AN EE R
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Ventilation: Indoor Areas % A i X

Air speeds are low XEIR{K
— Outdoors usually=4h > 2 m st (rarely 18/1>< 0.5 m s?)
— Indoors= N 0.3 m s maximum tolerable 7] ZH& At

- ACH (air changes per hour) in buildings EN#SIX

— Typically #% #0.5 — 2

« Air conditioning may recirculate all or part of the air

+  Results inZS 1] e & 2183 7 Bl F 1R

— build-up from small amounts 5 R 25 /5 5 2

— poor dispersion, dead spots and/or layering /541,

SESH N B o =
- Generally, classify the whole roomil & Xt B4 55 8] 33E4T
arIX
EN 60079-10-1 (App B) calculation for ventilation
efficiencyi@ &Lt H
Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | Al Conference Materials Intended for 2
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VENTILATION CALCULATIONSIH X 2 2% Jri%t
(IEC 60079-10-1, appendix B)

*  Minimum fresh air flow rate (dV/dt),,, to dilute given release to
required concentration below the LEL

o MRS e HIREBUE IS BIEEE T BR LR B s AR i 2 S e M FR TR

EdV/dt),
— based on release rate, LEL and safety factor k (= 0.25 or 0.5 based on grade of
release)
dG/dt T
k x LEL,, 293

(dG/dt), .., IS maximum rate of release (typically might use 0.001 kg.s* as
small source, 0.01 kg.s? as large source) i KFIH

LEL,, is the mass LEL FLALAARR i & 481 T PR (kg.m )
T is ambient temperature 5515 (K)
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(IEC 60079-10-1, appendix B)

- Since for a room with volume of V,, air change rate, C, is given by:
o HIEFHERRAV,, IR CET
(dV/dt)
Vo

C =

a notional volume, V,, at the desired concentration can be calculated:

AR AR B B AR RN, AR T 12 2l 55

V ( )mln
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Ventilation Calculationsii X\ 22 1 &
(IEC 60079-10-1, Appendix B

Hypothetical volume 1z ix/AF:(V,) can be calculated:
V,=fxV,

where f = 1 to 5: depends on “efficiency” (to allow for

impeded flow, where 1 is ideal) iR H#21H X K/PN (55 o
SmiEERE, 12 SO —_——

* V,<0.1m?d - “High” ventilation
- V,>V, - “Low” ventilation -
« 0.1m3<V,<V, -“Medium” ventilation

0.1 m3<V, <<V, - Hazardous areas based onV,
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VENTILATION CALCULATIONS H X 2= 2% Jrf%
(IEC 60079-10-1, Appendix B)

Persistence time (t) estimation#F 22} 7] 4 5

-f N LEL x k
C X,

where X, Is the initial concentration in the vicinity of the release
BERGR K WIAEW Z (in the same units as LEL #. 4 AILEL—5X).

Can be used in conjunction with timescale of operation and
acceptable flammable atmosphere durations for different zones

P 48 1 60 300 2 B e AR e W ok 4949
X
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Effect of Ventilationid X1 5

«  Example:

« Room 25 m x 15 m x 14 m - secondary toluene release (2 x 10 kg s) from
a 1 mm diameter hole in flange.

* Wherek=05:f=5(forC=2-6)orf=1 (for C=12 - 20)

Parameter Number of ACH (C)

2 6 12 20
(dV/dt),,in m3 ht 3.4 3.4 3.4 3.4
V, in m3 8.6 2.9 0.3 0.17
tinh 9.8 3.3 0.3 0.2
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Ventilation Calculationsif X &5 2% 11 &

Scenario:

Release characteristics:
Flammable material

Source of release

LEL in (kg/m3) -given

LEL in (kg/m3) -estimated

LEL in (vol.%)

Molecular weight M in (kg/kmol)
LEL in (kg/m3) used in calcs
Grade of release

Safety factor k

Release rate (dG/dt)max in (kg/s)
Initial concentration at release point Xo in (vol.%)

Ventilation characteristics:

Indoor/outdoor situation

Room dimensions L, B, H in (m)

Room volume Vo in (m3)

Ventilation fresh air flow dVtot/dt in (m3/h)
Number of air changes C in (1/h) - calculated
Number of air changes C in (1/h) - given
Number of air changes C in (1/s) used in calcs
Quality factor f

Ambient temperature T in (degrees C)
Temperature coefficient (T/293 K)

Calculation results:

Minimum volumetric flow rate of fresh air
Estimation of hypothetical volume

Time of persistence

[Release of ethanol vapours from a pool of liquid (sSummer)

0.00

0.067|

3.5

(used in LEL estimation and for persistence time calculation)

(used in LEL estimation)

0.067

(choose either given or estimated value)

S

(C,PorS)

0.50

3.000E-03

100

|indoors

L=
350

0.0

10.00] B= 10.00 H=

Cin(1/s)= 0.00E+00

12.0

Cin(l/s)= 3.33E-03

3.33E-03

(choose from the calculation results above)

5](ranges from f=1 for ideal situation, to f=5 for impeded air flow)
35
1.05
(dv/dt)min 0.09 m3/s 9.41E-02 m3/s
Vz 141.35 m3 1.41E+02 m3
t 6074 s 101.2 min
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Ventilation: calculationsif X\ &2 1145
(IEC 60079-10-1, Appendix B)

Availability of ventilation defined asilXB] F{E9A:
- Good R#F: Virtually continuousid X% 227 7E

Fair—#%: Expected during normal operation. But
occasionally lost, infrequent, or short periods%“tf”“ AT

T KAFEAE, JUVFRERS, Bl ANELRIE X

Poor Z: Ventilation present, but not "Good” or “Fair” or
expected to be lost for long periodsi_ﬂﬁf , HEWHER
0 Bl — Ml KUE SR, AT AR RIS TR AN ZE 2258 X
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Guide to Ventilation i# XS5 7 (IEC 60079-10-1)
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P JTICAL
SUPPLY CHAIN
IVE

Density Effects bt 5 521

* Heavier-than-air gases tend to sink to
lower levelstt =S H AR T

— extend zone to ground level
— g3 X B AR 2 Hh T

— extend zone over the ground
— Hbf b7 i

— even neutral gases can be heavy
due conditions (cold)

— B R A A Re b “H”
- Reverse for very light gases (H,)
- HERENAALEF (ESD
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Step 5 - Drawings and Report4: &I AR 15

»  Show Zones on site plan
o B4R ERRESIX

O O O OO OO OO Oo
O O O OO OO OO0
- Side/ plan vi 556566558529
e P IR £88888888 ZoneO
VA S O0OO0OO0OO0OO0OO0O0 O
- ALHPFIE

* Include temperature class / gas group
where possible

o W ERET AR BT R R AR Zone 1
- All data, assumptions, example,
calculations used in report not on drawings

- TR R ERA AR, Bk, BIRATHE
- Severity, heights, and shapes of zones to Zone 2
be mentioned in report

o HEFRIR XK, mERTEAR
*  Other relevant information

o HAtANRAE B
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Summary - Area Classification Procedure = 25 -7 [X 3 1%

Find potential sources of release
T 7E RS TR

Identify the duration (grade of
release)iR AIFFELE CREIEEZ0)
Consider ventllatlonl_ﬂ;‘dl% HOW OETEN?
Assign zone numbersiE X JLIX
Estimate zone sizeiﬂ?ﬁﬂ:ijiﬁd\
Report, Drawingsiit i, 4 st or e
Mark zones - EX sngns*m,u

Train staff of HAC locations and
hazardsX} i TRATHACHL & M 6.5
Zl
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EQUIPMENT SELECTION < ¥ #5154
for hazardous areas &% 17 i
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—ya

ATEX — Electrical Equipment Marking [ 1% F S b5 2%

( :
& Worldwide Ex Inc.

Industria Park Road 1, 6212 AR Safecity, Nethertants

Model PT 4-20

ce 0344 @ 2G
1D c ‘E’ :

DEKRA 13ATEX0123 X -

Exd [ib] IiC T4 Gb /
Exta lIIC Tsa0 120 °C Da Class |, Div 1, Groups ABCD T4A;
Associoted Apparatus [Ex ic] Provides IS

L— autputs for Class |, Div 1, Groups ABCD

Classs Il, Div 1, Group EFG T{120C)

£ Seguranca
X Ex d [ib] IIC T4 Gb
g; ¥ > Ex 1 IIC Tgop 120 °C Day

# D.E’K“&A Class |, Zone 1, AExd [ib] IC T4

(¢ 'EcExDEREE Classs II, Zone 20, AEx for IIC Tgg 120°C
e

Specific ATEX Specific |ECEx Marking recquired by the

markings mairkings stanclamds vsad lfrlder

ATEX, IEC

and Canada (Zones)
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ATEX — Electrical Equipment Marking [y 4 . #5 b5 2%

l I
Directive Equipment .
Corresponds group Material group
to 94/9/EC I: Mining

ll: All applications
except mining

Category 1 Category 2 Category 3
Very high level High level Normal level
of protection of protection of protection
Atmosphere G D G D G D
G: Gases, D: Dusts =
Use in Zone O Zone 20 Zonel Zone 21 Zone 2 Zone 22
Enhancing Supplier Capabilities: A Deeper Dive | 19-22 September 2016 | Shanghai | All Conference Materials Intended for 31
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ATEX — Electrical Equipment Marking Py 1% F S b5 2%

Ex d [ib] IIC T4 Gb

IEC EXx Protection Type | Group Temperature Protection
Marking Class level
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Selection of Electrical Apparatus i<, i% £ 1 7
- ZoneO - Zone?2
- Exiag#% — any suitable for Zone O or 1

— Exs (specially certified)FF#RIME  _ £y (Ex N)JE K AL

- Zonel
— any suitable for Zone 0
— Exdf@i® -ExplEE
— Exqilb - Ex ol
— Exel¥zz -Exib
— Ex mBEE

* In addition, the maximum surface
temperature must be considered’;

A, WA JE B R R TH R
— determined by AITH E BRiEE
E

According to EN 60079-14 — l‘JSlh‘Jf!i{y‘ as temnperature classes
18 A2 i 2 )
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Gas Groups = /& 4H 7|

+ Indicates sensitivity to ignition (based on MIC) and ability for
propagation through gaps (based on MESG){U#£ S BABUKE (IR s
/N BRI Sk M s/ MERR TR (R B K %2 A Ta D

- Relates properties to typical gases for each group
o ARV AR A

— | Methane (mining) A4t CEEA

— [IA Propanejh ¥

— 1IB EthyleneZ. /%

— IC Hydrogen&=<
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ATEX — Electrical Equipment Marking- group
S5 3 FL bR 2 - 2 )

Electrical equipment for mines | Electrical equipment for places with | Electrical equipment for places with an

susceptible to firedamp an explosive gas atmosphere explosive dust atmosphere
Sub-Division Ignition Energy | Sub-Division | Explosive Atmosphere
14, 260 Microjoules A Combustible flyings
=t 95 Microjoules B Mon-conductive dust
e 18 Microjoules 1l Conductive dust

Group IC Conducﬂve R =10%0m

Group A : Particdl size = 0.5 mm
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Temperature Class of Electrical Equipment /=, 1% £ 5. & 41 51

Max. surface temperature T-class T-Class

(*C) us CEMELEC & IEC
450 ™ ™

300 T2 T2

280 T2A

260 T2B

230 T2C

215 T2D

200 T3 T3

180 T3 A

165 T3B

160 TiC

135 T4 T4

120 T4 A

100 T5 T5

80 TG TG
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ATEX 100a Equipment Categories & £ 2H 5l

Methane
Acetone Ethanol Diesel fuel Acetaldehyde
Methane Cyclohexane Ajrcraft fuel
Ethane Fropanol 2 Fuel oil
Benzene M-Butyl alcohol M-Hexane
Methanal N-butane Heptane
Toluene Kerosene
Propane
Acetic Acid
Ammonia
Coal Gas Ethrylensa Ethylena glhycol Ethryl Methyl Ether
Ethylene oxide Hydrogen Sulphide
Propanal 1 Tetratrydrofuran
Methyl Ethyl
Ketone
Hydrogen Acetylene
AQ3009—2007
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ATEX — Electrical Equipment Marking By £ FB S bR %%

Ex ta IlIC T500 120 ° C Da

Institute

Pharmaceutical Roundtable

D DEKRA Insight

IEC Ex
Marking

Protection
Type
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Section 3.C. PSCI
P ‘9 E\rsguetqjgehem'my P DEKRA Insight

INITIATIVE Pharmaceutical Roundtable

Dust Protection ¥; 22 [j %- Temperatureii /&

Ex ta [lIC T500 120 ° C Da

In zones 20, 21 & 22, surface temperature not to exceed the lower of & i i

FEANRERRL N i B —

- 2/3 of MLI.T. of a dust cloud¥; 2> =

- MLL.T. of dust layer (5 mm) minus 75°C#3 22 )2
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Dust Protectionf; 2B 1% — GB12476-1
B2 20 X 1K 22 X
D A20 tD A20 5% tD A2l tD A20;tD A21 8§ tD A22
D B20 tD B20 5§ tD B21 tD B20;tD B21 5§ tD B22
t
S )2 . iaD E ibD iaD =% ibD
' D maD 3¢ mbD maD % mbD
m
pD pD
tD A20 =% tD A21 =% tD A22
tD A20 B¢ tD A2l
tD A20 IP6X
tD B20 @ tD B21
tD B20 , , tD B20 & tD B21
SR L _ iaD 2 {bD Sen R
iaD iaD 3§ ibD
maD & mbD
maD maD =% mbD
pD
pD
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Dust Protection Ex tD — #5322 P f-#h 7o f5dr 1

- Most common protection type used
- BT ER A
- Dust tightness is main requirement
©EHER A

— IP6X for Zone 20/ 21

— |P6X for Zone 22 with conductive dust &
HUK; 42 (p > 103 ohm.m)

— |P5X for Zone 22 with non-conductive dust

=T Rk 4
* Note if dust layers > 5 mm, need to
allow a lower maximum surface Eo
temperature

o FEMEHDESSMM. FEE RS

AV L

| N EMERGIZED

HEEl L= 1304963,/001
3P 15« 287111 LIACE - FRAMCE
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