83-R7-15031
,»LPage 1l of 7

()

o

-

National
Safety
Council

Data Sheet
I-655 Rev 87

Recognition and Handling of
Peroxidizable Compounds

P EROXIDE FORMATION in solvents
and reagents has caused many acci
dents Every worker mustleam torec
ognize and safely handle peroxidiz
able compounds Peroxides form by
the reaction of a peroxidizable com
pound with molecular oxygen through
a process called autoxidation or per
oxidation Peroxidizable compounds
are nstdious Under normal storage
condiions, they can form and accu
mulate peroxides, which may explode
violently when subject to thermal or
mechanical shock

2 Peroxides in solution at con
centrations up to about 1 percent do
not normally present thermal or shock
hazards Such solutions may be safely
disposed of or treated to remove per
oxides However, should crystals form
in a peroxidizable iquid or discolora
tion occur in a peroxdizable sohd,
peroxidation may have occurred, and
the product should be considered ex
tremely dangerous and destroyed
without opening the container

3 To prevent acaidents caused by
peroxidizable compounds, users of
these substances should develop a
program for their recogmtion and safe
handling This program should em
phasize

e Recognition of chemical struc
tures that may form peroxides

¢ Use of warning labels

e Controlled inventory of per

oxidizable compounds
e Use of peroxide detection tests

‘ and peroxide removal procedures

® Proper safety equipment and
process procedures
4 This data sheet will cover
recognition of peroxidizable com-
pounds, storage and handling of such
compounds, and tests for determuning
the amount of peroxide that has
formed 1n a sample of a peroxidizable
compound The safety practices out
lined in this data sheet should reason
ably assure safe use of peroxidizable
compounds 1n the iaboratory

Recognitlon
Peroxidizable chemical structures

5 Presence of one of the peroxidiz
able structures listed in Table [ 1n a
compound is a warning that peroxades
can form and a hazard may exist
Recogmition of these structures s also
important because products resulting
from peroxidation are impunties that
may alter chemical processes using the
parent compound

6 The degree of danger varies con
siderably with structure Peroxsdation
of organic structures 1 to 11 in Table |
has caused many expiosions Struc
tures 12 to 14 have caused only a few
and none have been reported {or
structure 15 Peroxidation of inorganic
structures, namely alkali metals, alko
xides, and amdes also have resulted in
many explosions

7 The readiness with whuch any of
the peroxidation structures in Table I
form peroxide 1s highly dependent on
the bonded (attached) chemucal

groups For example most ethers that
have an alkyl group bonded to the
oxygen atom of structure 1 will readdy
peroxidize and present a significant
hazard In contrast, ethers having an
aromatic group bonded to the oxygen
atom of structure 1 generally do not
peroxidize under normal conditions
and can be handled without the pre
cautions needed for peroxidizable
compounds

8 The hazard associated with a
given peroxadizable structure general-
ly decreases for its lugher molecular
weight denivatives For example the
peroxide of butyl ether has less explo
sive energy potential than that of ethyl
ether Ten or more carbon atoms at a
peroxidizable site usually are low nsk
systems

Peroxldizable compounds

9 Common compounds that form
peroxides dunng storage are in Lists
A, B, and C of Table II The time
period for testing the opened con
tamner 1s indicated in parenthesis
These lists are representative rather
than exhaustive

10 The most hazardous com
pounds—those that form peroxides
which may explode even without be
ing concentrated — are in List A
Compounds forming peroxides that
are hazardous only on conceatra
tion, such as distiliation or evapora
tion, form List B List C is made up
of vinyl monomers that may form
peroxides that can imtiate explosive
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PEROXIDE FORMING STRUCTURES
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puiyicrizaiion of (i€ oulk mono
mers

11 Peroxide accumulation s a bal
ance between the rate of peroxide
formation and the rate of peroxide
degradation for the particular sub
stance under the environment of the
sample For example, certain highly
reactive compounds, such as or
ganometalhcs, accumulate peroxide
at low temperatures, because the
peroxide degradation rate 1s siowed
relative to the formation rate In
contrast, less reactive compounds,
such as hydrocarbons or ethers, are
usually best kept at low tempera
tures

12 The more volatile the per
oxidizable compound, the easierit s
to concentrate the peroxides One
should also remember that pure
compounds are more subject to
peroxide accumulation because
impunties may inhitbit peroxide for
mation or catalyze their slow decom
position

Detection of peroxides

13 Always suspect peroxidizable
compounds of containing peroxides
For organic liquids (solvents), use
the test procedures for detecting
peroxides described below No suit
able simple test procedure 1s avail-
able for detection of peroxides in
substances such as alkali metals,
alkali metal alkoxides or amides, or
organometallics The test proce
dures described below should not be
used with these metal containing
peroxidizable compounds The test
procedues are also not sutable for
gases, since any peroxide formed
from a gas will be less volatle than
the gas tself

14 Testing peroxidizable solvents
for peroxides prior to distillation
should be routine A little practice
with standard peroxide detection
procedures enables a chemist to
make a rough estimate of the quan
tity of peroxide Some peroxide
tests, which from a safety view-
pont, are sausfactory for momtor-
ing laboratory sample, are the 1odide
tests, the ferrous thiocyanate test
and a simple test strip

15 The lodide Test 1s based on the
oxidation of 10dide to todine by the
peroxide Several procedures have
been employed as follows

o Method A—Add0 51 0miof
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Cammon Compounds That Form Peroxides During Storage

List A— Red Labei List B— Yellow Labe! List C—Yellow Label
(Three Months) {Tweive Months) (Twelve Months)
Peroxide Hazard an Peroxide Hazard Hazard Due 1o Peroxide
Storage on Concentration Initiation of Polymerization
isopropyl ether Ethyi ether Styrene
Divinyl acetylsne Tetrahydrofuran Butadiene
Vinyiidene chioride Dioxane Telrafluorosthylens
Potasium matal Acelal Chiorotriftuoroethylens
Sodlum amide Methyl ) butyl Vinyl acetylens
keton Vinyl acetate
Ethylene glycol Vinyl chioride
dimethy! ether Vinyl pyridine
(glyme) Chicrobutadisne
Vinyl ethers (Chloroprene)
Dicyclopentadiens 9 10 Oihydroanthracene
Diacstylene Indene
Mathyl acetylene Oibenzocyclopentadiene
Cumene
Tetrahydronaphthalene
Cyclohexens
Maethyicyciopentane
t Butyl alcohol
"When stored as e iquid, the p A e P  in and cartaln of hese pecially utach
prene and levrall yiene) shouid then be dasList A

the matenal to be tested to an equal
volume of glacial acetic acid to which
has been added about 01 g of
sodium jodide or potassium jodide
crystals A yellow color indicates a
low concentration of peroxide in the
sample, a brown color indicates a
high conceatration A blank de
termination should be made Al
ways prepare the 1odide/acetic acid
mixture at the time the test 1s made,
because air oxidation slowly turns
the blank to a brown color
® Method B— This procedure’

calls for addition of 1 ml of a freshly
prepared 10 percent aqueous solu
tion of potassium iodide to 10 mi of
the organic hiquid in a 25 ml glass
stoppered cylinder of colorless glass
that is protected from strong hght A
yellow color (brown at high peroxide
content) indicates the presence of
peroxide For this test the color
formed and the peroxide content
have the sem: quantitative rela
tionships shown 1n Table [1I

16 Method A is preferred Instud
tes summanized 1in Table IV color
development by Method A was
rapid whereasup to [0 minutes were
required for color formation by
Method B Note that the color in
tensuity for a given peroxide content
may be influenced by the nature of
the medium

17 The Ferrous Thiocyanate Test
15 a very sensitive test based on the
reaction of peroxides with coloriess
ferrothiocyanate to form red fer-
rothiocyanate In this test, a drop of
the compound 1s mixed with a-drop
of sodium ferrothiocyanate reagent
The latter 1s prepared by dissolving
9 g of FeSO, 7H,O 1n 50 mi of 18
percent hydrochloric acid Add
granulated zinc (05 to 10 g) fol
lowed by 5 g of sodium thiocyanate
when the transient red color fades,
add 12 g more of sodium thiocyan
ate, and decant the liquid from the
unused zinc nto a clean stoppered
bottle

18 Limited test data? indicate the
relationship between color and per
oxide content shown n Table V

19 Remember that these tests are
valid only for relatively simple
chemicals Some organic com
pounds may also act as oxidizing
agents and therefore appear to give
positive tests for peroxides When
dealing with peroxidizable materials
that may be insoluble in the test solu
tion, 1t may be necessary to use a
co solvent, such as peroxide free
isoprapanol to facilitate the per
axide test

20 Peroxade Test Strips are com
mercially available for qualitative
and sem1 quantitative testing These



convenient to use, however, they do
not have the umversaiity or the
sensitivity of the iodide test and have
limited shelf hfe

21 When used to detect peroxides
in readhly volatile ether, the test strip
is immersed in the ether, withdrawn,
and then breathed upon As the
vaporizing ether absorbs heat, mois-
ture in the breath condenses to form.
a reproducible witer film in which
the detection reaction takes place
The dipping and breathing can be
repeated to improve sensitivity to
less than 1 ppm for diethyl ether per-
oxide, for example

22 With aqueous solutions, it is
not to breathe on the strip
Simply immerse the strip, wait the
prescribed time, and compare with
the color scale supplied by the manu-
facturer

23 The test involves a two-step
convet(slon of oxygen in the peroxy
group ' peroxide,
Mmmmpﬂm,
as well as organic peroxides found in
diethyl ether, tetrahydrofuran, and
dioxane) to a blue oxidation prod-
uct

S e and Handling
o Brocedures
Inventory control

24 Each person responsible for a
laboratory should be required 10
make and maintain an inventory of
the peroxidizable materials in the
laboratory Review the inveatory
every thres months, cither testing
for peroxide or discarding all List A
(Table 11) samples three months or
older and Lists B and C (Table II)
samples 12 months or older

25 Quantities of peroxidizable
compounds should be purchased
according to short-term needs to
assure that peroxide buildup, which
is u{inﬁnhed. m:ucﬂ

ceipt on the bt 1o atsist in “Bist in:

— first out” %of matenals (ses
paragraphs Purchasing of
package sizes corresponding 1o use
requirements will also minimize ex-
posure to air from multiple openings
of the container

Labeling
26 AllmaterialsinLists A, B,and

- siaks, suck us s1EeS,-

peroxidizable compound, should
have a warning label beanng the
date of receipt in the laboratory and
the date when the container was first
opened Storeroom items should
have the label affixed by storeroom
personnel For non storeroom ftems
ot for materials synthesized in the

‘laborstory, the individusl warker

should attach the warning labet.
27, A 1% x 3 1n -label is recom

mended For compounds in List A
(Table 1) or any other peroxidizable
compound that represents a hazard
on storage, white or yellow lettaring
on a red background is suggested.
This label should read. Discaro Or
Test Wiriin THREE MONTHS AFTER
Orening  For materisls in Liss B

and C(Table 1) or other similar per- ~ha

oxidizable materials, use a yellow
label with red lettering This Iabel
should read Discaro Or Test
z\fmg: 12 B;i)omus AFtza OreNing
see Figure 1) These storageperiods
are ¥ ed for iterk-stored
under the condifions sfid pre-
cautions described below x

Storage o
28. All peroxidizable compounds
shoujd be stored away from bestand

BTyl
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temperatutes, inspacuon of 1

taken

msterin} should b€ made more fre- =

quently, -becausé leekage sround
| 7 , ,

) snore: prevalent,
which ineréasesthe chanceof forma-
tion of sxplosive peroxides st the ~
closures.

30 Most commpn-conisiner mate-

slumitnm, nickel, coppst;’
phenglic.linings,. and cerimics, sre
suitible for containem.in which
oxidizable compounds sfe stoted
Allrhetyl containers, howsver, mast
be clemh 'fumlj el oxides,
iroh ar'eopper oxide, iy Sgtstly
proms ‘-g:oxldtfkrmﬁﬁﬁ:’
31. Parficular care shauld be given

N Ll N

- \E e ¢ L F ; ) > .:,7
- :.‘:?%ii . S5 e e i
g

containers Loose or leaky closut:s
may permit evaporation of stors

material, leaving a hazardous ton-  ® |
centration of peroxides in the con- :
1ainef. When handling peroxidizab'e
compounds stored in cylinders, cace
must be taken to ensure that the
g&mﬂm are maintained from

32 Peroxidizable compounds
should be stored under an inert (ox-
ygen-{ree) atmosphere such as nitro-
gen ‘Viny! mogomers mmtzing
certain inhsbltors are exceptions (sce
P10, oo
closed during storage and hsndting.
-mathe smines, :af : HE 4
sre recomménded by the man-
ufacturers as being effective-in-pre-
venting peroide:formation-dusiog .
uoug of peroxidizable vom-
poundy; “The lihibitor selected
should be comipatible
purity S e
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TABLE i1}
The lodide Test for Peroxide (Methed B)

Color Reaction Per Cont Peroxide Presents as H,0,
Barely discarnible yellow 0001 to 0005
Defimte yellow color 001
Brown color Positrve Test ™

*A parceniage of 00t or more is o hozord

peroxidizable material 4

34 List A (Table II) matenals —
those that can accumulate a hazard
ous level of peroxides simply on stor
age after exposure to air—should be
evaluated for peroxide content at
least every three months after open
ing and either re dated if safe or else
treated or discarded Before dis
posal of any List A matenal, review
the properties of the matenal (if
possible in consultation with the
organization’s safety professional)
to assure safe disposal

35 List B (Table II) matenals
should not be stored for longer than
12 months after opening unless a
suitable test shows they have not
accumulated peroxide If List B
matenal gives a significantly positive
test (medium to deep yellow by
iodide test or red by the ferrous
thiocyanate test), but must be re
tained, 1t must be treated to remove
peroxide repackaged, shown by test
to be free of peroxide, and re dated
on 1ts label

36 List C (Table II) matenais are
vinyl monomers and should be
stored for no longer than 12 months
unless test results show them to be
free of peroxide Commercial vinyl
monomers usually contain additives
(inhibitors), which inhibit peroxida
tion Generally, storage of inhibited
vinyl monomers should be under air
rather than mtrogen or other inert
atmosphere, because customary in
hibitors are phenolic compounds,
which require oxygen for their ac
tion Most vinyl monomers may be
polymenized without removal of in-
hibitor by proper adjustment of 1n
ator concentration, thus making
the 1solation of the more hazardous
umnhibited matenal unnecessary

37 Uniniubited List C matenals
can be a sigmificant hazard Quanti-
ties of such uninhibited monomers
greater than 500 g should be stored
for no longer than 24 hours Smalil
samples (less than 10 g) may be
stored jonger than 24 hours oanly
with discretion Generally storage

of uninhibited vinyl monomers
should be under nitrogen and below
room temperatures For storage in
excess of 24 hours, a suitable in
hibitor should be added, and its
name and quantity should be placed
on the label

38 Methyl methacrylate, ethyl
acrylate, and other common acrylic
monomers are not in List C because
there has been no report of their per
oxidation to hazardous levels in nor
mal use and storage Peroxidizable
compound warning labels and other
peroxidizable compound safety pro
cedures are not required for the
acrylic monomers However, for
good safety practice, acrylic mono
mers should be inhibited for storage
and work with uninhibited mono
mers should be hmited to quantities
less than 500 g

37 Wuth the approval of the orga
nization s safety professional or
safety committee, certain sohid or
high boiling organmic peroxidizable
compounds may be exempt from the
storage rules Such compounds are
those that by the nature of their use
will not be concentrated e g sur
factants or plasticizers contamming
polyether groups These compounds

should have a bailing point above
300 C (572 F) or a vapor pressure
below 0 1 mm Hg (338 Pa) at 20 C
(68 F) so that there 1s not opportu-
nity for concentration Even though
such compounds are not beheved to
represent a significant hazard, the
impunties introduced as a result of
peroxidation can aiter chemical pro-
cesses using the matenal

Remoaval of peroxides

40 There are several established
laboratory procedures for removing
peroxtdes from solvents To ensure
that peroxide removal has been
accomplished, the treated solvent
should always be re tested for the
presence of peroxide

41 Method 1 Peroxides can be
convemently removed by passing
the solvent through a short column
of ordinary activated alumina No
water 1s introduced, and small
amounts of water that may be
present are removed This method s
effective for both water insoluble
solvents and water soluble solvents
(except for lower alcohols) When
traces of peroxide cannot be toler-
ated, solvent flow can be directed
into the reaction vessel from the alu-
mina column Effectiveness of
Method 1 was determined by Dasler
and Bauer’

42 Care should be exercised in
disposing of the activated alumina
after this operation, because certain
peroxides remain unchanged on the
alumina Further, such a high
surface material treated with a

TABLE IV
THE IODIDE TEST FOR PEROXIDE
Method A vs Method B (Reaction Time and Color Development
for Vonous Compounds Is Affected by Both the Compound

and the Per Cent of Peroxide)
Per Cont Test Method
Peroxide
Compound as H,0, Method A Method 8
Ethyl ether 0010 Medwum yellow—Fast  Pole yellow—
Slow to develop
Tetrohydrofuran 00047 Medium yellow —Fast  Fole yellow—
30 to &0 seconds
Tetrahydroluron® 00082 Deep yellow Deep yellow
Diozone 00155 Deep yellow Deep yellow to brown

The color intensity shauld differ when the bosic compound s perode percentoge o denged



hazard and, therefore, should not be
disposed of in a waste can that con-
tains other flammable matenials Itis
recommended that alumina used for
peroxide removal be flushed with or
drowned in a dilute scid solution of
potassium jodide or ferrous sulfate.
43 Method 2: Peroxide impurities
in water-insoluble sojvents {ethde,
hydrocarbons, etc ) sre easily re-
moved by shaking with a con-
centrated solution of a ferrous sait
A frequently used ferrous salt solu-
tion can be prepared either from60 g
or ferrous sulfate, 6 ml of con-
centrated sulfuric acid, and 110 ml of
water, or from 100 g of ferrous sul-
fate, 42 ml of concentrated hydro-
chloric acid, and 83 ml of water
(With some ethers, traces of alde-
hydes are produced by this treat-
ment ) Water is introduced by this
method, so post-drying will be re-
quired if a dry solvent is wanted.

44 Other Methods: Among the

many other methods reported for

peroxide removal are treatment with
amines’, aqueous sodium metsbisul-
fite! and stannous sodilm

chloride,
hydroxide, and cerous hydroxide’
Some active metals and their de-
rivatives— sodiym, lithium alumi-
ntm hydride, hydride, and
sodium borohydride-~-may be used-

active hydrogen (aleco-

compounds .
hols, phenols, etc.). Peroxides have
also been removed from ethers by

~—
TABLE V
THE FERRQUS THIOCYNATE TEST -
Relalion Between Coler Wmmic Compound

Color

Pink 1o cherryred -

Red
Deep red

Y g
percolation through a column
exchange resin™

Sk

.
180

gt Mu.m:tm
30. A shicld should be used when

ened The act of opaniag the con-
tainer could detonste pecoside: {hit Saay cor or distilling mixtures
tals around the coatdiner cap or sy contain pe anid mfac;
Sther closuee pousis. Safety glasses aad 1
“§1. If sdequaté personal pro- g 4 i M;id “‘W :
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Distilialion snd evaporation pre-
cautions

48. Test for peroxides before dis-
ullingor evaporaung any List Aot B
(Tabie 1) maierial. I positive
(medium to deegycﬂov by indlde
test or red by the ferrous thiocysnate
, Giscard the material.or remove \
the.peroxides Befors iny > hagardc
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Safety audit

53 Before starting any chemical
process, whether in the laboratory
or in the manufactunng area per
form a safety audit including a re
view of possible hazards due to per
oxidizable compounds Peroxida-
tion may have already occurred 1n
one or more of the starting mater-
1als, 1t may occur during the process,
or 1n the storage of the products In
every chemical process, the follow
ing factors, which were discussed n
this data sheet, should be considered
relative to (a) the starting matenals,
(b) the processitself, and (c) the pro-
ducts

® Structure—are peroxidizable
structures present or being formed?

® Process conditions — will the
process condition favor imtiation of
peroxidation and accumuiation of
peroxides?

¢ Storage—wnll storage contain
ers and conditioners reduce per
oxide mination and accumulation,
and are all products properly 1n
hibited and labeled?

54 Should the audit indicate that

peroxidation or peroxide presence 1S
likely, the descnibed procedures of

handling, testing, and removal
should be followed As noted pre
viously peroxidation n a chemical
process may not only be a serious
hazard because of the explosion
potential, but 1t also may affect the
results of the process through lower
yield and unwanted impurities
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