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55 m?® total containment tank for large-scale safety testing in Deventer, the Netherlands

Introduction

In general organic peroxides are
unstable chemical compounds,
decomposing at relatively low tempera-
tures. They can, however, be handled
and stored safely if proper precautions
are followed. The prevention of
undesired decomposition reactions
during handling and storage of organic
peroxides requires knowledge of the
general properties of organic peroxides
and the specific requirements of each
individual peroxide. Personnel who
understand and pay proper attention
will be able to handle organic peroxides
confidently and safely.

This brochure gives guidelines for the

safe storage of organic peroxides in

their original packaging. Organic

peroxide storage requires two import-

ant considerations:

¢ minimization of the possibility of a
peroxide decomposition

e reduction of the effects of such a
decomposition.

This publication includes guidelines to
minimize the probability of a peroxide
decomposition by limiting the heat
exposure of the product and preventing
contamination. Measures to reduce
effects of a decomposition are also
discussed.

General recommendations are given as
well as specific measures for tempera-
ture controlled products. A possible
design of a storage building is given in
Appendix 2. These recommendations
are based on Nouryon's experience and
extensive safety knowledge.

Beyond the scope of this brochure are
the local laws and insurance requla-
tions that must be considered in the
design of storage facilities. Various
countries have published directives
with their local laws. A list of these
directives is given in Appendix 1.

For more information on the use and
the safe handling and storage of
organic peroxides, please contact your
Nouryon account manager or regional
sales office.
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Safety aspects

Thermal sensitivity

Organic peroxides are thermally
unstable due to the relatively weak
-O-0O- bond in the molecular
structure. As a result of this property
organic peroxides are sensitive to heat
and will decompose significantly
above a certain temperature. This
temperature is specific to each
individual peroxide.

During decomposition heat is released
and the rate of this decomposition
increases with temperature. If this heat
cannot be transferred to the environ-
ment due to reduced surface area
from stacking or high ambient
temperatures, self-heating will
accelerate and lead to a violent
combustion or thermal explosion.

Every packaged peroxide has a charac-
teristic temperature at which the
self-heating accelerates. This tempera-
ture is designated as the Self-Acceler-
ating Decomposition Temperature
(SADT). At or above this temperature a
runaway reaction will take place. For
this reason, strict temperature control
and high temperature alarms are
required for the storage of organic
peroxides. For many peroxides
refrigerated facilities will be necessary.

Safety testing to determine the sensitiveness of peroxides to the effect of heat under confinement

Contamination

Contamination may accelerate the
decomposition of organic peroxides.
Most heavy metal compounds have an
accelerating effect on decomposition.

Acids, bases and accelerators based on
e.g. cobalt or copper and amines may
cause decompositions to occur at
temperatures significantly lower than

the recommended storage temperture.

Therefore, organic peroxides must be

stored separately from other chemical
compounds, unless compatibility has

been proven.

Burning properties

Most organic peroxides should be
considered highly combustible. Once
ignited many organic peroxides burn
vigorously. When heated to their
decomposition temperature, organic
peroxides will generate vapors.

Many of these vapors are flammable.
Therefore, the presence of potential
ignition sources must be avoided.
Electrical equipment installed should be
explosion-proof to avoid sparks.

Nevertheless, auto-ignition of the
vapors may still occur. Consequently,
fire-fighting equipment should be
present in all storage rooms.

Pressure build-up

As organic peroxides produce vapors
during decomposition, pressure
build-up in the package occurs. To
prevent excessive pressure rise inside
storage rooms due to prolonged
decomposition and bursting of the
packages, the storage room should be
provided with a pressure relief
mechanism.

Nouryon



Storage

One can minimize the probability of a peroxide decomposition
by limiting the heat exposure of the product and preventing
contamination. Temperature control is the most critical control
measure in preserving quality and preventing a runaway reaction.

Although a number of organic perox-
ides can be safely stored at ambient
temperature, most require some form
of temperature control. The maximum
temperature allowed by the regulatory
agencies is the control temperature T .

This temperature together with the
emergency temperature (T, , see

section Temperature control and
monitoring on this page) are derived

from the SADT in next table.

CONTROL
TEMPERATURE

EMERGENCY
TEMPERATURE

20°C below SADT
15°C below SADT
10°C below SADT

10°C below SADT
10°C below SADT
5°C below SADT

10°C below SADT

5°C below SADT

TYPE OF SADT

RECEPTACLE

Single packagings | 20°C or less

and IBCs over 20 to 35°C
over 35°C

Portable tanks <45°C

However, for a longer shelf life, lower
storage temperatures than the control
temperature are generally recommend-
ed. At this recommended storage
temperature (T ), as indicated on the
product label, the product will be stable
and quality loss will be minimal.

As each organic peroxide has its own
specific storage temperature, consult
the product catalog or individual
Product Data Sheet (PDS) which can be
downloaded from polymerchemistry.
nouryon.com.

Temperature monitoring and control
The temperature must be maintained at
or below the recommended storage
temperature; consult the product
catalog or PDS.

Organic peroxides should be protected
from direct sunlight and all other
sources of heat.

Particular attention should be given to

¢ windows (not recommended or
should be blinded),

e heating systems (e.g. radiators,
warmwater pipes, etc).

Cooled storage rooms should be
provided with at least two independent
temperature alarms. An alarmis
recommended when the storage
temperature is exceeded by 5°C. If this
is the case the store should be
inspected. The temperature alarm
should incorporate some delay device
to allow for intermittent short tempera-
ture increase which result from
inspection, loading and unloading, etc.
Any possibility of alarm de-activation
should be countered with an automatic
alarm re-activation.

Non-cooled storage rooms should be
provided with an alarm set at the
emergency temperature but not higher
than 45°C. It is imperative that a signal
from the mentioned alarm systems
should not escape notice at any time
including nights, weekends, etc. and
that appropriately trained personnel are
alerted.

There should be dual power supply for
the alarm system.



Space between pallets to allow maximum air circulation

Fire fighting

A deluge system of large capacity is
strongly recommended to fight large
fires.

A dry-powder fire extinguisher with a
capacity of at least 10 kg should be
located outside the storage building,
near the entrance. This is used only to
fight small fires of organic peroxides.
After the fire has been extinguished the
peroxide should be cooled to a
temperature below the SADT to prevent
the peroxide from re-igniting due to self
heating.

Management

Smoking, open fire and all other
sources of ignition must be forbidden in
and near the storage rooms. Appropri-
ate warnings should be posted in the
storage area.

Unless compatibility has been proven,
organic peroxides should be stored
separately from other chemical
compounds and, under all circum-
stances, away from accelerators and
other reducing agents.

Store organic peroxides in their original
closed packages.

Packages should be visually checked
for labelling, leakage and damage, etc.
at the time of delivery. If necessary the
material should be repacked in
suitable, clean packages. A suitable
packaging material is non-pigmented
polyethylene. Never use tightly closed
rigid metal containers.

Repacking, weighing, mixing, etc.
should be carried out in a separate
room. Clean dedicated polyethylene or
stainless steel implements should be
used to prevent contamination of

the peroxide.

Stacking procedures should require that
labels and safety information are always
visible.

Pallets should be configured to allow
maximum air circulation, no more than
two high with a minimum clearance of
0.1 m from any wall.

Storage on racks may be applied
when individual packages are stored.
Different products should be stacked
separately to avoid confusion.

If liquid organic peroxides are stored, an
inert absorbent material, such as
vermiculite or perlite, should be
available in or near the store to clean up
small spillages. Absorbents should be
soaked with water afterwards.

Stock should be rotated following the
firstin, first out principle.

The doors of the storage should be
marked with the peroxide label.

The storage building should be kept
clean; no litter, rags, etc.

The store should be kept closed with
access limited to authorised, trained
personnel only.

Small fire extinguishers in the
neighborhood of peroxide stores

11

Use vermiculite or perlite to clean up

small spillages
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Storage temperatures near the
entrance of the storage rooms

Repair works on the storage building
and its control system should only be
performed after a written permit, signed
by the responsible supervisor of the
storage facility.

Written procedures for alarm response
should be developed and implemented
prior to installation of an organic
peroxide storage facility. Only appropri-
ately trained personnel should be
involved in any emergency response.

Regular (once a shift) inspections of the
organic peroxide storage building are
recommended.

The above recommendations should
have the regular attention of the
personnel who are in charge of the
storage of organic peroxides.

Two cooling units, alternately operating, fully independent of each other

Additional recommendations for
cooled facilities

A back-up cooling system is recom-
mended. A back-up chiller and
emergency generator, alternative
buildings, refrigerated transport
containers or dry ice are options.
Provision for an alarm to sound in case
of failure of the cooling unit is required,;
e.9. low pressure alarm in the cooling
medium system.

The storage temperature should be
posted near the entrance of the storage
room.

The actual temperature in each store
should be indicated at the building or
storage area entrance.

Before putting a cooled store into use,
determination of the rate of tempera-
ture increase, after the mechanical
cooling has stopped is recommended.
This can be done with dummy
packages simulating the containers with
organic peroxide. It is recommended to
test each individual store with different
degrees of filling, e.g. empty and half
filled, in order to have the tempera-
ture-time characteristics available as
pasic knowledge for an emergency
program.




Site

The floor should be seamless, easy to
clean and made from a non-combusti-
ble and non-absorbent material. A slight
slope is recommended. This will direct
liquids and allow for easier clean-up.
Exercise extreme caution when
collecting this liquid to prevent trapping
of organic peroxides. As fire fighting
water may carry peroxide, it should be
directed from the inside of the storage
building through an open gutter to an
open basin outside. Another possibility
is to direct the water (with peroxide) into
a basin underneath the floor with
provisions for emptying. The capacity
of the basin should be at least equal to
the maximum amount of stored products.

Any drainage system should not be in
direct contact with the site sewer
system to allow control of the peroxide.
It should be noted that fire-fighting
water may carry burning peroxide with it
as it drains away. Observe local regula-
tions with respect to containment of
fire-fighting water.

A storage building should be
adequately provided with lightning
protection. When the store is painted
outside, light colors are recommend-
ed. Construction materials should be
compatible with organic peroxides or
coated to prevent contamination.

Ventilation openings (required for
volatile non-cooled peroxides) should
be covered with gratings and should be
at least 0.5% of the floor area with a
minimum of 0.01 m?.

Placement of organic peroxide stores
with respect to essential equipment or
services, office buildings, public roads,
railways, waterways, etc. must be
considered. No definite distances can
be stated as generally applicable.
Typical distances for most peroxides

with respect to offices are 10 m for stor-
age of 1 ton of peroxide and 20 m for
storage of 10 tons of peroxide when
safety provisions are made. Local
regulations should be consulted.

Construction

Based on the extensive experience of
Nouryon with organic peroxides, the
following describes our recommended
storage building. The design is such that
safety distances reach minimal
dimensions. The drawings in Appendix 2
illustrate further details.

As a pressure release mechanism, each
storage building should have a venting
capacity of 0.5 m? per 1000 kg of
organic peroxide capacity. The roof,
door(s), or wall panels can serve this
function. The emergency venting
should actuate at a pressure below the
design pressure of the storage room.
Doors should always be functional from
inside the store. The walls should

be constructed of non-combustible
materials and have a fire resistancy of at
least 1 hour.

If there is a risk that the temperature in a
non-cooled store can occasionally rise
above 30°C a low capacity spray
system, installed on the outside of the
roof, can be of help to maintain the
temperature below 30°C. The roof
construction and material should
obviously be suitable.

Another possibility may be a double-
deck roof: the air layer acts as an
insulating layer.

Design guidelines for
a storage building

Organic peroxide storage rooms

Actual temperature in a peroxide store

Roof venting in peroxide stores

Nouryon 9
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Use of explosion-proof forklifts

An effective fire-fighting system should
be installed. An automatic system
activated by melting bulbs (57°C) is
recommended.

Manual activation of the deluge system
should always be possible.

If an organic peroxide storage building
is fitted with a heater, the following
precautions must be observed:

e the heating system should have a
moderate capacity;

e temperature of the heating surface
should not exceed 60°C,

. if an electrical heating system is
used, the equipment should be
explosion-proof,

. if warm air is used, it should be
directed away from the packages,

e ahigh temperature warning
system must be installed in the
storage room,

e toachieve a safe distance between
the organic peroxide packages and
the heater, fixed barriers should be
installed.

All electrical fittings and other electrical
equipment should be explosion-proof.

Additional requirements for cold
storage

Walls, roof and door(s) should be
insulated. The insulating material should
be non-flammable or flame-retardant.
To avoid absorption of moisture and to
retain the insulating properties,
non-absorbent material (closed cell
structure) should be used.

Moreover, the material should prefera-
bly be resistant to the solvents used in
the products to be stored. If the
insulating material is not solvent
resistant it should be covered with a
cladding material.

Any equipment, including the cooling
unit, that may generate heat or sparks
should be located outside the storage
building, away from the entrance so as
to reduce the electrical

requirements (if all wall ducts are air
tight).

Any electrical equipment having direct
contact with the inside air should be
explosion-proof.

The cooling agent should be non-flam-
mable and non-reducing; liquid air is
unsuitable.

Moving parts and openings should be
protected from becoming icebound by
atmospheric moisture.

In contrast to non-cooled storage,

there should be no ventilation openings

in doors or walls. If fresh air ventilation is

desired, the following items should be

considered:

e thereplacement rate should be
minimized,

e the outside air intake must not be
allowed to warm up the stored
peroxides.

If a sprinkler or deluge system is used, it
should be a dry type system.



Appendix 1

Regulations on storage

WU Tl

France

Journal Officiel de la république
Francaise: Arreté du 6 novembre 2007
relatif a la prévention des risques
preésentes pas les dépots et ateliers
utilisant des preoxides organiques.
NOR: DEVPO765936A

Germany

BGV B4 Organische Peroxide vom 1.
Oktober 1993/Fassung 1. Januar 2011
mit DurchfUrungsanweisungen vom
Oktober 2000

The Netherlands
Publication Series on Dangerous
Substances 8 (PGS 8)

Storage of Organic Peroxides, Decem-

ber 2011

Spain

Instruccion Técnica Complementaria
MIE-APQ-9 ‘Almacenamiento

de Peroxidos organicos' y de materias
autorreactivas, 23-06-2017

TR

Sweden

Sprangamnesinspektionen foreskrifter
om hantering av organiska peroxider,
Organiska peroxider, SAIFS, 1996:4

United Kingdom

Health and Safety Executive, UK,
Chemical Safety Series 21.

The Storage and Handling of Organic
Peroxides, Guidance Note CS 21, 1991

United States of America

National Fire Protection Agency, USA,
NFPA 400 Hazardous Materials Code,
2016

In addition to this brochure, for legal
purposes, consult your national storage
regulations.

Nouryon
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Appendix 2

Storage building design with the roof as an emergency vent.

/ Floorplan:

1 sprinkler head

2 pallet with packages

3 gutter/basin system

4 fire resistant wall

5 gutter system to outside basin
6 doors

7 temperature indicator

8 gutter system to outside gutter

Ebon | |ebon| [Esbost—

L Loa L loa | LLoa—

/ Front:

1 placarding

2 temperature indicator

3 doors

4 portable fire extinguisher
5 locks

/ Cross section:

8 1 gutter/basin system
7 -+ &6 -1 o5 I3 2 pallet with packages
| o4 40— 3 ventilation opening with gratings

4 temperature sensor

5 sprinkler head

6 melting bulb

7 steel beam

8 loosely constructed roof (emergency vent)
9 sloped floor




Storage building design with a venting panel above the doors
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Floorplan:

1 sprinkler head

2 pallet with packages
3 gutter/basin system

4 fire resistant wall

5 temperature indicator
6 doors

Front:

1 placarding

2 temperature indicator

3 doors

4 portable fire extinguisher
5 locks

6 venting panel

Cross section:

1 gutter/basin system

2 pallet with packages

3 ventilation opening with gratings

4 temperature sensor

5 sprinkler head

6 melting bulb

7 lower part of double roof

8 upper part of double roof, rigid constructed
9 sloped floor

Nouryon
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Contact us

For product inquiry and ordering information, please contact your Nouryon
account manager or regional Nouryon sales office.

Americas

US and other countries

Citadel Center

131 S Dearborn St, Suite 1000
Chicago, IL 60603-5566

UsS

T +1 800 828 7929 (US only)

E polymer.amer@nouryon.com

Europe, India, Middle East and Africa
France, Italy, Spain and Portugal
Autovia de Castelldefels, km 4.65
08820 El Prat de Llobregat
Barcelona

Spain

T +34 933 741991

E polymer.es@nouryon.com

Other countries

Zutphenseweg 10

7418 AJ Deventer

The Netherlands

E polymer.emeia@nouryon.com

Additional information

Mexico

Av. Morelos No. 49

Col. Tecamachalco

Los Reyes La Paz Estado de Mexico
C.P. 56500 Mexico

T +52 555858 0700

E polymer.mx@nouryon.com

India

North Block 801, Empire Tower,
Reliable Cloud City Campus,
Off Thane - Belapur Road

Airoli, Navi Mumbai - 400708
India

T +91(0) 22 68426700

E polymer.emeia@nouryon.com

Asia Pacific
Room 2501 & 26F, Building A
Caoheijing Center

No. 1520 Gumei Road, Xuhui District

Shanghai 200233

PR. China

T +86 21 2289 1000

E polymer.apac@nouryon.com

Brazil

Rodavia Nouryon no. 707
Portdo A — Planta C

Bairro Sédo Roque da Chave
13295-000 ltupeva - Sao Paulo
Brazil

T +55 11 4591 8800

E polymer.sa@nouryon.com

Middle East

Nouryon Saudi Arabia

King Saud Road, Kanoo Tower

PO. Box 37

31411 Dammam

Saudi Arabia

T+ 96 61383 46526

E communications.me@nouryon.com

Product Data Sheets (PDS) and Safety Data Sheets (SDS) for our polymerization initiators are available at nouryon.com

All information concerning this product and/or suggestions for handling and use contained herein are offered in good faith and are believed to
be reliable. Nouryon, however, makes no warranty as to accuracy and/or sufficiency of such information and/or suggestions, as to the product's
merchantability or fitness for any particular purpose, or that any suggested use will not infringe any patent. Nouryon does not accept any liability

whatsoever arising out of the use of or reliance on this information, or out of the use or the performance of the product. Nothing contained herein
shall be construed as granting or extending any license under any patent. Customer must determine for himself, by preliminary tests or otherwise,
the suitability of this product for his purposes. The information contained herein supersedes all previously issued information on the subject matter
covered. The customer may forward, distribute, and/or photocopy this document only if unaltered and complete, including all of its headers and
footers, and should refrain from any unauthorized use. Don't copy this document to a website.

Cadox, Butanox Pekadox and Trigonox are registered trademarks of Nouryon Functional Chemicals B.V. or affiliates in one or more
territories.

© February 2024



Nouryon is recognized as the global leader in organic peroxide safety and your
trusted supplier of Butanox®, Cadox®, Perkadox® and Trigonox® products.

We always place safety as our top priority.

Sharing our experience in safety is one of the most important resources we offer.
Classroom reviews of safety and handling of organic peroxides, online trainings,
consultation on storage and peroxide dosing equipment as well as demonstrations
and publications on the safe use and handling of organic peroxides are just some of
the services we offer. Please contact your Nouryon representative or nouryon.com

for more information.

How to store peroxides

e

 Store in a cool room away from
direct sunlight.

¢ Observe maximum and minimum storage
temperature as printed on the packaging
and SDS.

¢ Leave in the original packaging.

» Close packaging after use.

How to handle peroxides

* Wear safety goggles.

* Wear appropriate protective gloves
and clothing.

* Remove spillages immediately.

e Only use compatible materials
when handling

» Do not store together
with accelerators
or other chemicals.

* Do not mix peroxides
with accelerators.

» Avoid any contact with
dust, metal or other
chemicals.

Butanax

Perkadex

Do not smoke.

Avoid heat sources.
Avoid open fire.
Never heat peroxides.

Scan QR code to watch our
short video on how our safety E
-

services can support you

Trigonex

In case of emergency, call the
following telephone number:
+31570 679211 or

+1 800 424 9300

How to act in case of:

@ Fire

Alert fire department. Fight small fire
with powder or carbon dioxide and
apply water.

@ Spillage

Liquids: absorb with inert material
and add water.

Solids/pastes: take up with compat-
ible aids and add water. Move to safe
place and arrange disposal as soon
as possible.

@ Skin contact

Wash with water and soap.

@ Eye contact

First rinse with water for at least
15 minutes. Always seek medical
attention.

@ Ingestion

Drink large amounts of water and
consult doctor immediately.
Do not induce vomiting.

Nouryon



Nouryon

Nouryon is a global, specialty chemicals leader. Markets and
consumers worldwide rely on our essential solutions to manufacture
everyday products, such as personal care, cleaning goods, paints and

coatings, agriculture and food, pharmaceuticals, and building products.

Furthermore, the dedication of approximately 8,300 employees with a
shared commitment to our customers, business growth, safety,

sustainability and innovation has resulted in a consistently strong

financial performance. We operate in over 80 countries around the
world with a portfolio of industry-leading brands. Visit our website and
follow us @Nouryon and on LinkedIn.

nouryon.com




