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SAFETY AND HANDLING OF ORGANIC PEROXIDES: A GUIDE

INTRODUCTION

When considering safe handling procedures, organic peroxides have a specific chemical structure
which makes them useful but also requires their careful handling and storage. A great deal of
mystique and partial or misinformation has surrounded organic peroxides, particularly asit
appliesto safety. Thus, there was and is a need for a better understanding of organic peroxides.
However, because of the wide range of properties that organic peroxides possess and the number
of compositions that have been developed for commercial use or increased safety, completely
covering the safe handling practices of all organic peroxide formulations® is beyond the scope of
this Guide. Asaresult, this Guide will endeavor to provide a basis for understanding the basic
nature of organic peroxides as related to their safe use, handling and storage by addressing the

following questions:

1. Why has there been so much confusion and so many misconceptions about the

properties of organic peroxides?

2. Why has it taken so long to develop tests to quantify the hazardous properties of
organic peroxides and rational codes and regulations for their storage, transport, and safe

handling?

! atechnically pure organic peroxide or a mixture with one or more materials, usually diluents.



3. What are the characteristic properties of organic peroxides which are important in

their safe use and handling, and how are they manifest?

4, Based on present knowledge, how are organic peroxides handled safely?

CONFUSION OVER PROPERTIES

Organic peroxides are not a neat little family of compounds characterized by a single
physical or chemical property. An organic peroxideis, by definition, any organic chemical that
contains an oxygen-oxygen (---0---0---) linkage or bond (peroxy group). That potentially
includes avery large number of compounds with a wide range of properties. In practice
however, manufacturers and users are concerned with commercial organic peroxide
formulations, so the number of compounds, while large, is manageable.

There are many commercial uses for organic peroxides. Some are used as the technically
pure compound, liquid or solid. Others are diluted as solutions, pastes, solid granules, etc., as the
application or safe handling requires. With the wide range of properties possessed by organic
peroxides and many physical forms and concentrations, commercial formulations have an
extraordinarily large range of safety-related properties. Organic peroxide formulations vary in
reactivity hazard from self-extinguishing to the potential for aviolent deflagration. The broad
range of safety-related properties among organic peroxide formulations was both confusing to
the user and a major safety problem because all organic peroxide formulations tended to be

grouped together. Thus the need for a classification system.



Given that commercial organic peroxide formulations must be shipped and handled
safely, the Bureau of Explosives of the American Association of Railroads started testing
commercial organic peroxide formulations over 50 years ago to determine if such compositions
met the Bureau’ s (and the Interstate Commerce Commission’s) minimum standards for
shipment. Major efforts were made by Factory Mutual [3] and the Organic Peroxide Producers
Safety Division (OPPSD) of The Society of the Plastics Industry (SP1) [4] to classify organic
peroxide formulations by hazard level, but these efforts received only limited U.S. or Worldwide
acceptance. Until the adoption of The National Fire Protection Association (NFPA) 43B
(currently NFPA 432), Code for the Storage of Organic Peroxide Formulations, there was no

officially recognized U.S. code to group the commercial organic peroxides by hazard class.

Hazard I dentification and Classification Problems

The identification and rating of the hazardous properties of organic peroxides has been a
difficult task. Commercial organic peroxide formulations, while energetic substances, release so
much less energy on decomposition than high explosives that most of the tests used for high
explosives have little application. Unable to use the tests developed by the vast resources of the
world’ s defense establishments that focus on propellants and explosives, in the U.S,, the burden
fell on the relatively limited resources of the Organic Peroxide Producers Safety Division
(OPPSD) aided by the Bureau of Explosives, and later, the Bureau of Mines (supported by the
Department of Transportation). Internationally, besides manufacturers, Germany (BAM) [5], the
Netherlands (TNO) [6], and the United Kingdom (Health and Safety Executive) [7] have been

major contributors. Others that have contributed are Japan, France and Sweden. It has been



reassuring that, while different countries developed different test procedures, similar hazard
classifications were derived for most organic peroxide formulations.

The identification of the hazards, the development of the quantitative test methods, and
the comparison of the test results obtained with field experience, led to the formulation of
classifications, codes and regulations. An excellent example of thisis the adoption by the United
Nations of many of the test methods and their use to devel op the classification system for organic
peroxides in the UN’s Recommendations for the Transport of Dangerous Goods (UN Orange

Book).

CHARACTERISTIC PROPERTIES

While there are many types of organic peroxides, they all have at least one oxygen-
oxygen (-0-0-) bond in their chemical structure (see page 14 for examples). For the organic
peroxide to be useful, this bond must be broken, usually by heating to produce free radicals
which can initiate polymerization or another desired end result. This decomposition produces
heat and by-products. The rate of decomposition is different for each organic peroxide. For
those where the rate is rapid at room temperature, this type of organic peroxide is stored and
shipped under refrigerated conditions. Other organic peroxides can be stored and shipped safely

at or above ambient temperatures.



The oxygen-oxygen linkage or bond (peroxy group) (-0-0-), which characterizes organic
peroxides, is athermally sensitive and energetic bond. 1t contributes the special properties that
organic peroxides, to varying degrees, have in common. These are:

Sensitivity to heat.

Release of heat on decomposition.

Formation of free radicals on decomposition

Sensitivity to contamination (selective).

Formation of gases and mists on decomposition (selective).

Limited oxidizing properties.

The properties listed above are manifested to varying degreesin all organic peroxide

formulations, as follows:

1. Temperatureinduced decomposition: There is no specific temperature at which
decomposition begins. The rate of decomposition, simplistically stated, is dependent on,
or isafunction of, the temperature. There is some decomposition occurring even at very
low temperatures. The rate of decomposition of organic peroxides increases rapidly as
the temperature increases, faster than most chemical reactions increase. Asthe
temperature increases it will reach atemperature at which the rate becomes so rapid that
large quantities of heat and reaction products (some often gaseous) are produced. If the
heat generated is not dissipated or absorbed, the temperature of the organic peroxide
increases, which increases the rate of decomposition. The decomposition may then auto-

accelerate and, with very energetic formulations, become uncontrollable.



Confinement during a rapid or runaway decomposition may result in very high pressures

and temperatures. Transition to a higher order of decomposition may result.

During thermal decomposition, most organic peroxides to some extent react with their
decomposition products (including free radicals). This often increases the rate as the
decomposition proceeds. Diluents, including other organic peroxides, may participate as

well; some may reduce and others may increase the rate and type of decomposition.

The temperature at which an organic peroxide formulation visibly decomposes when
heated rapidly (rapid heat decomposition temperature: RHDT) occurs at a much higher
temperature than the self accelerating decomposition temperature (SADT). The SADT is
the lowest temperature at which an organic peroxide formulation in a commercial
package undergoes self-accel erating decomposition (temperature increase >6 °C over 7
days). With some energetic and low temperature formulations, the final decomposition
may be uncontrollable. The SADT and RHDT may be quite different from, and should
not be confused with, the ¥2-life numbers given for organic peroxides in a dilute solution.
Determining the safe handling, storage and shipping temperatures is a significant part of

the testing that must be done before an organic peroxide formulation is offered for sale.

Increased burning rate: The burning rate is higher for an organic peroxide formulation
than for a similar composition without the peroxy group. Thisis the result of the energy
liberated when the peroxy group decomposes, supplying heat to the burning organic

peroxide in addition to the heat flux from the flame.



Burning with acceleration: Thisis a characteristic property of organic peroxide
formulations that decompose rapidly at a temperature below their boiling points and that
are not formulated to absorb the heat of decomposition during burning. When such
organic peroxide formulations burn, the temperature of the material increases. Asin No.
2 above, when the temperature range is reached at which rapid decomposition occurs, the
heat of decomposition, which is liberated internally, increases the temperature of the
material, the burning rate and, thus, the heat flux back to the burning surface. Asthe
temperature further increases so does the rate of decomposition and heat release, further

accelerating the burning rate.

I ncreased flame temperature: If the temperature range at which rapid decomposition
occurs is higher than the boiling point of the organic peroxide, then the decomposition

and the major energy release takes place in the flame, increasing the flame temperature.

Contamination initiated (Promoted) decomposition: In addition to thermal
decomposition, organic peroxides can be induced to decompose by contaminates such as:
promoters, amines, metal ions, strong acids and bases, strong reducing and oxidizing
agents and contact with some metals. Susceptibility to decomposition due to
contamination or contact varies greatly among different organic peroxide types and
formulations. For example: organic peroxides that are particularly susceptible are those

with the -O-O-H group. Decomposition can be by radical and by ionic pathways.

Auto-ignition during decomposition: It is the ease of splitting the peroxy group to give



two free radicals that makes organic peroxides so useful. However, the presence of
energetic free radicals during decomposition (particularly in hot gases or mists) can cause
auto-ignition to occur at alower temperature than would otherwise be normal for a

similar structure without the peroxy group.

7. Release of flammable gases and mists during decomposition: Some organic peroxide
formulations release a considerable amount of gases and/or mists particularly when rapid
decompositions occur. Not all gases released are flammable. In fact, these gases are
rarely oxygen, with carbon dioxide being a common decomposition product. However,
when flammabl e gases or mists are released there is aways the potential danger of afire

or explosion.

8. Oxidizing Properties. While most organic peroxides exhibit weak oxidizing properties
toward reducing agents, contrary to wide-spread belief, most organic peroxide
formulations are fuels, not oxidizers. Only one type, the peroxy acids, shows strong
oxidizing properties. The oxygen-oxygen bond only rarely decomposes to give free
oxygen. It isnot surprising that there has been confusion since, at one time, the DOT
labels for oxidizers and organic peroxides were the same and the latter still uses ayellow
label, although different from that for oxidizers. It should be noted that organic peroxides

and strong oxidizers are not compatible.

Properties Related to Structure and Additives (Diluents)
The properties of an individual peroxide depend on the size and structure of the organic

groups attached to the oxygens. One of the groups can be hydrogen. The properties are
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commonly further modified by the use of additives to phlegmatize (desensitize), stabilize or
otherwise prepare the organic peroxide for commercial use. Commercia formulations are
occasionally mixtures of organic peroxides.

The peroxy group is the main source of commercia utility for organic peroxides.
However, the groups attached at either end of the -0-O- determine the relative thermal stability
and chemical activity of the peroxide. Each peroxy group is considered to contain one active
oxygen atom. The concept of active oxygen content is useful for comparing the relative
concentration of peroxy groups in formulations, which is related to the energy content. In
general, energy content increases with active oxygen content and thus, the higher the molecular
weight of the organic groups, the lower the energy content and, usually, the lower the hazard.
However, the active oxygen content at which atransition from a simple to a higher order
decomposition can occur varies considerably between organic peroxide types (structures) and
individuals within the types.

For example, when benzoyl peroxide (98%) at 6.5% active oxygen is burned, it
undergoes transition from alow order to a high order decomposition with sight confinement,
while the decomposition rate of cumyl hydroperoxide (85%) at 8.9% active oxygen isrelatively

unaffected by the confinement of a steel drum.

TYPES OF ORGANIC PEROXIDES
The simplified formula for organic peroxides is R,OOR, where R, is an organic group
and R, is the same or different organic group or hydrogen.
R,00R, R, = organic group

R, = (same or different) group
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Common types of commercialy available organic peroxides are shown on the following page.
Note that within each type, the exact structure of the various organic groups determines the
thermal stability of any particular member. For some types, such as peroxydicarbonates, the
nature of the organic groups has little effect on the thermal stability. For other types, like
peroxyesters, the organic groups can have a dramatic effect on thermal stability. In some of the
types, one or more of the organic groups must be tertiary-alkyl groups in order for the peroxides

to be good radical initiators.

Common Types Typical Formula Temperature— Activity Range
(C)°
dialkyl peroxides R;-O0-R, 117 - 133
hydroperoxides R;-O0O-H 133-172

2 Expressed as 10 hour half-life temperatures in a dilute solution
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diacyl peroxides R, C-O0O-CR, 20-75
now
peroxydicar bonates R, OC-O0-COR, 49-51
i
peroxyesters R,-OO-CR; 49 - 107
I?l
H-00-(C-00-)H N/A

ketone peroxides
2

Ri-00-),C
peroxyketals (Rr-OO-). 92 - 115

3

]
alkylperoxy carbonates R;-O0-COR, 90-100

R, and R, are generally alkyl groups, often tertiary-alkyl groups. If attached directly to the
peroxy group, nisl- 3.

RULESFOR SAFETY AND HANDLING ORGANIC PEROXIDE FORMULATIONS

Know your product. Read the directions! With so many types of organic peroxide

formulationsit is absolutely essential that the characteristics and the particular conditions for the

safe handling of each formulation are read and understood. The label, product bulletin and
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material safety data sheet (MSDS) are good placesto start. Consult the manufacturer, distributor
or supplier for recommendations for safe use and storage.

Know the NFPA 432 hazard class and the properties associated with that class. These
standards define safe storage and fire fighting methods. The classification description given in
NFPA 432, together with the fire hazard characteristics, are described below. Classes are only

for organic peroxide formulations in their original DOT shipping container.

“Class 1" describes those formulations which are capable of deflagration, but not
detonation. Fire hazard characteristics. Class | formulations present a deflagration hazard
through easily initiated, rapid explosive decomposition. Class | includes some formulations that
are relatively safe only under closely controlled temperatures. Either excessively high or low
temperatures may increase the potential for severe explosive decomposition.

“Class 1" describes those formulations that burn very rapidly and that present a severe
reactivity hazard. Fire hazard characteristics: Class Il formulations present an NFPA fire hazard
similar to Class | flammable liquids such as acetone or toluene. The decomposition is not as
rapid, violent, or complete as that produced by Class | formulations. Aswith Class |
formulations, this class includes some formulations that are relatively safe when used under
controlled temperatures or when diluted.

“Class 11" describes those formulations that burn rapidly and that present a moderate
reactivity hazard. Fire hazard characteristics: Class 111 formulations are characterized by rapid
burning and high heat liberation, due to decomposition. They present a hazard similar to Class |

combustible liquids such as #2 fuel ail.
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“ Class IV" describes those formulations that burn in the same manner as ordinary

combustibles and that present aminimal reactivity hazard. Fire hazard characteristics: Class 1V
formulations present fire hazards that are easily controlled. Reactivity has little effect on fire
intensity.

“ Class V" describes those formulations that burn with less intensity than ordinary
combustibles or do not sustain combustion and that present no reactivity hazard. Fire hazard
characteristics: Class V formulations do not present severe fire hazards. Those that do burn do

so with less intensity than ordinary combustibles.

RIGOROUSLY CONTROL:
Temperature
Contamination
Confinement
Quantity
Whether shipping, handling or storing, these are the most important parameters to
control.
The Department of Transportation has greatly assisted safe handling by regulating the

shipping temperature, the package size and the degree of confinement from the container.

TEMPERATURE CONTROL
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No single parameter is as important as the control of the temperature. Whether shipping,
handling or storing, if the temperature is maintained well below its self-accelerating
decomposition temperature (SADT), most hazards are avoided. The SADT can be anywhere
from - 10 to + 200°C and depends on the particular organic peroxide formulation and package.
For shipping purposes, the SADT (as previously defined) is the lowest temperature at which self-
accelerating decomposition occurs within seven days for a peroxide formulation in its DOT
shipping container when held at that temperature. At the SADT, the rate of evolution of heat
from decomposition exceeds the rate of heat 10ss to the surroundings so that the peroxide's
temperature increases with time and the decomposition becomes increasingly more rapid or self-
accelerating.

For storage over alonger period of time, the manufacturer’ s recommended temperature
for storage should be rigorously followed. It should also be noted since decomposition
temperatures are time dependent, temperatures higher than the shipping temperature can be
tolerated for short periods during handling and use. To repeat, proper temperature control is
important to prevent run-away decompositions, evolution of gases and mists (that may lead to

vapor explosions), auto-ignition or loss of product quality.

The maximum possible transport temperature, aso known as “Control Temperature”
(CT), isdependent on the SADT and is determined as follows:

CT = SADT minus 20°C if SADT < 20 °C
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CT = SADT minus 15 °Cif SADT < 25 °C, 30 °C or 35 °C

CT = SADT minus 10°C if SADT < 40 °C, 45 °C or 50 °C
Note: Thereisno CT, if the SADT is higher than 50 °C.

The CT is the temperature up to which the organic peroxide can be safely transported for
an extended period. Itisasothe aarm temperature. The CT is supplemented by an
“Emergency Temperature” which is higher than the CT but still well below the SADT. The CT
may be exceeded if maintenance is necessary or until alternative cooling (e.g. dry ice or wet ice)
isavailable. However, if the Emergency Temperature is reached, immediate steps must be taken
to remove personnel from the area and, if possible, to cool down and then dispose of the organic
peroxides.

Often, the recommended storage temperature is lower than the control temperature, not
for safety, but to minimize the unavoidable active oxygen loss due to gradual decomposition. On
the other hand, some liquid or paste organic peroxides must not be stored below a certain
minimum temperature as turbidity, phase separation, crystal deposits or solidification can occur.
The recommended temperature range of temperature for storage can be found on each organic
peroxide package and in the corresponding technical literature.

In generd, in addition to the temperature, the rate and type of thermal decomposition for
individual organic peroxides will depend, in part, on quantity, heating rate, time and

confinement.

CONTAMINATION CONTROL
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Contamination can lead to rapid decomposition and all of the problems associated with
lack of temperature control. Susceptibility of organic peroxides to induced decomposition from
contamination varies greatly between the types of organic peroxides and the specific
contaminants. Nevertheless, contamination has been a magjor source of accidents from run-away
decompositions, particularly during handling and use. Especially sensitive are the ketone
peroxides, hydroperoxides, peroxyketals, and some diacyl peroxides. The contaminants most
often causing problems have been redox agents such as cobalt salts and other accelerators and
promoters, as well as various metal ions and ionizing acids such as high concentrations of
sulfuric acid. Strong oxidizing and reducing agents can aso cause decompositions.

Examples of decomposition initiated by contamination are: methyl ethyl ketone peroxide
(open chain) by cobalt salts, benzoyl peroxide by dimethylaniline and di(t-butylperoxy)—
cyclohexane by concentrated sulfuric acid.

To avoid problems from contamination, never return unused organic peroxides to the
original container. Use only scrupulously clean equipment and make certain that all materials
that the organic peroxide comes in contact with are compatible, especialy if equipment such as
pumps are used for multiple services. When adiluent is used, the selection of adiluent and its
purity must be strictly controlled. Contact your supplier for recommendations. Whileitisa
good practice in any situation where a reactive diluent is employed, a general blending rule isto
add the organic peroxide to aresin or monomer, not the reverse. Never add organic peroxides to
a hot diluent or process. When reactive materials, such as styrene, are employed as diluents (or
solvents), strictly adhere to temperature controls and venting requirements because of potential

heating due to polymerization.
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The effectiveness of diluents, as a phlegmatizer (or desensitizer), is due in part to the
reduction in energy level by dilution or energy absorption, and may also act asamild chain
stopper since most decompositions proceed by a chain mechanism.

For contamination problems from absorbents used during spills, see the section on spills.

CONFINEMENT CONTROL

Once rapid decomposition is initiated, confinement of an organic peroxide formulation
may greatly accelerate the rate of its decomposition. With the higher energy classes, transition
from a manageabl e decomposition to a deflagration can occur, which ordinary venting will not
control. When it is hecessary to confine high-energy organic peroxides by more than the
confinement provided by the DOT shipping container, dilution of the peroxide usualy is
required. See diluents under "Contamination Control" above. The selection of adiluent and its
purity must be strictly controlled.

Nevertheless, in many manufacturing operations it is necessary or desirable to use
containers, pumping systems and piping to deliver or handle the organic peroxide being used at
processing areas or work stations. If the organic peroxide is not diluted and the system provides
additional confinement, then the quantities must be kept to the very minimum and sufficient
venting provided to prevent pressure build up. Shielding may be required. If thisis not done,
then the organic peroxide often must be handled as a higher hazard class material.

t-Butyl peroxybenzoate is an example of an organic peroxide for which properties differ

markedly between confinement in a polyethylene container and in a steel drum.
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QUANTITY CONTROL

Both quantity per container and the total quantity must be controlled in order to minimize
the loss from afire or decomposition. These quantities are determined by the properties of the
particular organic peroxide formulation being handled. For shipping, the Department of
Transportation regulates the package size and number per outside container. The quantity in
storage must be controlled in accordance with the limitations in NFPA 432. During use, the
guantity in the process area should be maintained at the lowest practical level. If quantities are
not strictly controlled, the potential exists during afire or decomposition of atransition from a
low order to a higher order event. The hazard to surrounding or adjacent structuresis also

increased as the stored quantity is increased.
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Avoid Spills

Spills can result in ahost of problems. Potential hazards involved are:

1. Fire (most non-aqueous peroxide formulations contain flammable solids and/or
highly combustible liquids)

2. Decomposition (due to either increased temperature or contamination)

3. Evaporation of a safety diluent (either because the diluent is volatile at ambient
temperature, or because the spill involved a hot surface)

4, Increased worker exposure (peroxide formulations, especially hydroperoxides and
ketone peroxide, can be strong irritants)

5. Incorrect choice of absorbent material and/or methods

Know what action is recommended for each specific formulation that is used. Cleaning
up a spilled organic peroxide formulation may not present a serious problem, or considerable
time may elapse before a serious problem develops. On the other hand, rapid and proper action
may be required; thisis normally the best procedure in any case. With flammable liquids and
solids the problem isimmediate. Beware. Many organic peroxide formulations are difficult to
ignite but burn vigorously once ignited. Depending on the peroxide and contaminant, it may
take along time for decomposition to occur, if at all. On the other hand, decomposition may
occur within a short time period, so take precautions accordingly. In any case, it is most
important to avoid decomposition or afire.

In many cases, dilution with a compatible inert solid absorbent followed by wetting with

water is very effective. Dilution with a compatible high boiling organic liquid prior to
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absorption is often effective and desirable especially with the more energetic or flammable
formulations. Caution: absorbents often have high surface areas which may catalyze
decomposition as well as contain catalyzing impurities. Special care must be used when water
wet solids are spilled. Avoid drying out by wetting down spilled material immediately.

Use the MSDS provided with the organic peroxide formulation (and manufacturers
technical brochures, if available) to prepare for proper action in the event of a spill. Have
personnel protection equipment, fire fighting equipment, absorbents, diluents, clean-up tools
(non-sparking), and other emergency supplies available in al areas where organic peroxides are
handled or stored.

Standard precautions should be taken when handling waste from an organic peroxide spill
(or container leakage). In addition, specia precautions should be taken to prevent a subsequent
decomposition due to contamination or heat. Waste after clean up should be removed from work
and storage areas and isolated for further emergency treatment and prompt disposal. Do not

store in tightly sealed closed containers. Permit venting of further decomposition products.

DISPOSAL OF WASTES

Disposal of wastes after the clean up of an organic peroxide spill or from container
leakage is always a problem. This material should not be reused. Because of the rapid changes
in the Federal and State regulations concerning waste disposdl, it is beyond the scope of this
Guide to cover waste disposal. Consult the MSDS and available manufacturers literature for

information regarding proper disposal. Workers involved in handling, dispensing and spill
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clean-ups should be reminded of the potential hazards that some formulations may have from

decomposition due to contamination or heat.

FIRE PROTECTION

Fire not only can originate from within the organic peroxides due to decomposition
initiated by temperature or contamination, but it may spread to the organic peroxides from
adjacent areas. Proper storage and use of mechanical devices can help prevent damage to
surrounding areas from burning or decomposing organic peroxides. The recommendationsin
NFPA 432 should be followed. Keep organic peroxides well away from other combustible
materials in their storage area, preferably isolating them by means of firewalls. If possible, store
organic peroxides in a separate building at some distance from adjacent buildings. All areas of
organic peroxide storage should be equipped with fire control systems, such as automatic
sprinklers.

Water is usually the agent of choice to fight fire. The effectiveness of water in the
control (by sprinklers or hoses) of firesin storage and work areas varies with the individual
organic peroxide formulations. It is especialy useful for those formulations that are heavier than
water. Water is aso useful in cooling areas not yet involved in afire. When using hoses, spray
or fog is most effective. For low boiling and low-density formulations, Aqueous Fire Fighting
Foam (AFFF) may be more effective than water alone. In some very specia cases, dry chemical
formulations may be effective but may also be a problem with others. Water can aggravate

control of fires or cause decomposition of low temperature organic peroxides due to the warming
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of the organic peroxide by the water. With low temperature organic peroxides, speciaized fire
control methods are required. Manual fighting of fires should be undertaken only with lower

energy organic peroxides - consult NFPA 432.
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