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Recognition and Handling of 
Peroxidizable Compounds 
PEROXIDE FORMATION in solvents 
and reagents has caused many acci 
dents Every workermust learn to rec 
o p e  and safely handle peroxldtz 
able compounds Peroxides form by 
the reactton of a peroxldrtable corn 
pound smth molecular oxygen through 
a proctss called autoxldation or per 
oxldation Peroxiduable compounds 
are insidious Under normal storage 
mnditions, they can form and a m  
mulate peroxides, which may explode 
wolently 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 
omdes However, should crystals form 
m a peroxlduable hquid or discolora 
tion occur m a peroxlduable solid, 
peroxldation may have occurred, and 
the product should be considered ex 
tremely dangerous and destroyed 
wthout operung the container 

3 To prevent acadentt caused by 
peroxiduable compounds, users of 
these substances should develop a 
program for their recognltlon and safe 
handlmg This program should em 
phasue 

0 Recognition of chemical struc 
tures that may form peroxides 

0 Use of warning labeis 
a Controlled inventory of per 

oxlduable cornpounh 
use of peroude detecuon tests 

and pcmnde removal procedures 

Proper safety equipment and 
process procedures 

4 This data sheet will cover 
recognition of peroxiditable com- 
pounds, storage and handling of such 
compounds, and tests for determining 
the amount of peroxide that has 
formed in a sample of a peroxiduable 
compound The saiety practices out 
hned in this data sheet sliould reason 
ably assure safe use of peroxidizable 
compounds in the laboratory 

Recognltlon 

Peroxldlzabl# chemlcal structures 

5 Presence of oiie of the peroxidu 
able structures listed in Table I in a 
conipound is a warning that peroxldes 
can form and a hazard may exist 
Recognition of these structures is also 
unportant because products resulting 
from peroxidation are impunties that 
may alter clieniical processes using the 
parent com pou nd 
6 The degree of danger varies coli 

siderably with structure Peroxidation 
of organic structures 1 to l lm Table 1 
lias caused many explosions SINC 
tures l2 to 14 have caused only a few 
and none have been reported for 
structure 15 Peroxidation of inorganic 
structures, naniely alkali metals, alko 
xides, and amdes also have resulted in 
many explosions 

7 The readiness with wliicti any of 
the peroxidation structures in Table I 
form pcroxlde IS highly dependent on 
the bonded (attached) chemical 

groups For example most ethers that 
have an alkyl group bonded to the 
oxygen atom of structure 1 WILI readdy 
perondue and present a sigruficant 
hazard In contrast, ethers havlng an 
aromatic group bonded to the oxygen 
atom of structure 1 generally do not 
peroxldue under normal conditions 
arid can be handled wthout the pre 
cautions needed for peroxidizable 
compounds 

8 The hazard associated wth a 
given peroxldtzable structure general- 
ly decreases for its hrgher molecular 
weight denvatives For example the 
peroxldt of butyl ether has leu explo 
sive energy potential than that of ethyl 
ether Ten or more carbon atoms at a 
peroxlduable site usually are low nsk 
systems 

Petoxldlzablr compounds 

9 Common compounds that form 
peroxtdes dunng storage are in Lists 
A,  B, and C of Table I1 The tune 
period for testing the opened con 
taiiier is indicated in parenthesis 
These lu& are representatwe rather 
flton uhoutnve 

10 The most hazardous com 
pounds- those that form peroxides 
which may explode even without be 
ing concentraled - are in L I S ~  A 
Compounds forming peroxides that 
are hazardous only on concentra 
tron, such as distillation or evapora 
tion, form List B List C is made up 
of vinyl monomers that may form 
peroxides that can initiate explosive 
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11 Peroxide accumulation is a bal 
ancc 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 
peroxlde degradation rate is slowed 
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 
oxtduable compound, the easier it IS 
to concentrate the peroxides One 
should also remember that pure 
compounds are more subject to 
peroxide accumulation because 
impunties may inhibit peroxide for 
mation or catalyze their slow decom 
position 

Detectlon of peroxidea 

U Always suspect peroxiduable 
compounds of containing peroxides 
For organic liquids (solvents), use 
the test procedures for detecting 
peroxides described below No suit 
able simple test procedure is 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 nor be 
used with these metal containing 
peroxidizable compounds The test 
procedues are also not suitable for 
gases, since any peroxide formed 
from a gas will be less volatile than 
the gas itself 

14 Testing peroxiduable solvents 
for peroxides pnor 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- 
point, are satisfactory for monitor- 
ing laboratory sample, are the iodide 
tests, the ferrous thiocyanate test 
and a simple test stnp 

15 The Iodide Test is based on the 
oxidation of iodide to iodine by the 
peroxide Several procedures have 
been employed as follows 

0 Method A-Add 0 5 1 0 ml of 

dHGLZ I I  

Cmmon Compounds That Form Peroxides During Storage 

Ll81 A- Red Lab01 LIS1 B-Ydlow Lab01 Llrt c-Yollow hb.1 
(Throe Monlhr) (Twolvo Monthr) ~ o l v r  Monihr) 

Poroxlde Hazard Hwrdbuo lo Pororldo Poroxldo Haurd on 

isopropyl ether Ethyl ether Slyrona 
Olvlnyl acetylene Telrrhydrofuran boladlrno 
Wnyildene chlorlde Dioxane Tolrrlhrormlhyhna 
Potadurn metal Acetal Chbm~llwroolhylano 
Sodlum amide MeUlyl 1 butyl Unyi ae8rylom 

Storagr on Concentrallon lnltlrtlon of Polymorlutlon 

krlon Vlnyl acefalo 
Ehylenr glycol wnyl chlorldr 

dlmeihyl elher Wnyi pyrldino 
(glyme) Chlorobutadlom 
Wnyl ethers (Chloroprono) 
Dicydopmladbm 9 10 Olhydromthracmna 
Dlecelylene Indm. 
Methyl acetylene 0fbmzacydop.ntadbne 
Cumrne 
Teirahydronaphlhalene 
Cydohexene 
MeUlylcyclopenlano 
1 Butyl alcohol 

wkm maad u quid h. paronma pounnrl hmmwa and uIUh ol m a n  - (e- butadmu 
and twalluorwmyl.na) #muM h.n ba o m d . r m d  u L I  A arnpMdr 

the material to be tested to an equal 
volume of glacial acetic acid to which 
has been added about 0 1 g of 
sodium iodide or potassium iodide 
crystals A yellow color indicates a 
low concentration of peroxide in the 
sample, a brown color indicates a 
high concentration A blank de 
termination should be made AI 
ways prepare the iodide/acetic acid 
mixture at the time the test is made, 
because air oxidation slowly turns 
the blank to a brown color 

Method E - This procedure’ 
calls for addition of 1 nil of a freshly 
prepared 10 percent aqueous solu 
tion o f  potassium iodide to 10 ml of 
the organic liquid in a 25 ml glass 
stoppered cylinder of colorless glass 
that is protected from strong light 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 semi quantitative rela 
tionships shown in Table 111 

16 McthodA is preferred In stud 
ies summarized in Table IV color 
development by Method A was 
rapid whereas up to 10 minutes were 
required for color formation by 
Method B Note that the color in 
tensity for a given peroxide content 
may be influenced by the nature of  
the medium 

17 The Ferrous Thiocyanate Test 
is a very sensitive test based on the 
reaction of peroxides with colorless 
ferrothiocyanate to form red fer- 
rothiocyanate In this test, a drop of 
the compound is mixed with adrop 
of  sodium ferrothiocyanate reagent 
The latter is prepared by dissolving 
9 g of FeSO, 7H20 in 50 ml of 18 
percent hydrochloric acid Add 
granulated zinc (0 5 to 1 0  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 into a clean stoppered 
bottle 

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

19 Remember that these tests are 
valid only for relatively simple 
chemicals Some organic corn 
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 soh 
tion, it  may be necessary to use a 
co solvent, such as peroxide free 
isopropanol to facilitate the per 
oxide test 

20 Peroxide Test Strips are corn 
mercially available for qualitative 
and semi quantitative testing These 
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convenient LO use, however, they do 
not have the universality or the 
sensitivity of the iodide test and have 
limited shelf life 

21 When used to detect peroxldu 
in readily volableether, the test strtp 
IS immersed in the ether, wtthdrawll, 
end then breatbtd upgn As t&rt 
vapariun# ether drrorbrheac, m&s- 
lure in the breath -8 to b’l& 
a reproduabta M e r  flm in WM 
the detection rcrctkm takes plsce 
The dlpping and ttrcrthma can be 
repeated to improw senutiwty to 
leu than I ppm for detlbyl ether per- 
oxide, for exunpr0 

21 With a q ~  solutions, it IS 
not mcagacy to brrrthaon the strip 
S i W Y  - the strip, wait the 
prescribed time, und compare with 
thecolorKIlCrupplic8bythsman~ 
factwcr 

23 The test lavobes a two-step 

dmxane) to a blue oxidatkut plod- 
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peroxidizable compound, rliould 
have a warning label beanng the 
date of reccrpt in the laboratory and 
the date when the coantdtiermr first 
opened Storeroom items shoutd 
have the label affixed by storeraom 
penoffael For non storeroom hems 
ot firrmeutlafs rynr i tes i i  ill the 
k b o r r z ~ y .  the inWkturt W#kg 
&Id attach the w a n 8  kbst, 

27, A 1% x 3 in -I&&% teroam 
mendsd For corn@ kt List A 

~ r r r  W ~ M N  ~tt~raMown~r AFTSS 
0rt;Ntw Far rnatertdrh UW D 
and m&tklI) or &r ~MWpct. 
oddtzabls materials. use a p m  
tabet 4th red Icttcdq 1- 
sku&# read DISCAUD On TEST 
6 l I N  12 MONTllt A m  

i- 
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containers Loose or leaky closures 
may permit evaporation of ston* 
material, leaving a hazardoustau- ’ ! centrrth of peroxides in the eon- 
tahes- When IrmdUng pemxidlzab~o /? ’ 
amqmds- r td  in cylirtdem, cage 
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peroxidizable material 
34 List A (Table 11) materials- 

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 material, review 
the properties of the material (if 
possible in consultation with tlie 
organization’s safety professional) 
to assure safe disposal 

35 List B (Table 11) materials 
should not be stored for longer than 
12 months after opening unless a 
suitable test shows they have not 
accumulated peroxide If List B 
material gives a significantly positive 
test (medium to deep yellow by 
iodide test or red by the ferrous 
thiocyanate test), but must be re 
tained, it must be treated to remove 
peroxide repackaged, shown by test 
to be free of peroxide, and re dated 
on its label 

36 List C (Table 11) materials 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 nitrogen or other inert 
atmosphere, because customary in 
hibiton are phenolic compounds, 
which require oxygen for their ac 
tion Most vinyl monomers may be 
polymcnzed without removal of in- 
hibitor by proper adjustment of in 
itiator concentration, thus making 
the isolation of the more hazardous 
uninhibited matenal unnecessary 

37 Uninhibited List C matenals 
can be a significant hazard Quanti- 
ties of such uninhibited monomers 
greater than 500 g should be stored 
for no longer than 24 hours Small 
samples (less than 10 g) may be 
stored longer than 24 hours only 
wlth discretion Generally storage 
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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 
iiioiiomers are nor 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 
peroxiditable compound safety pro 
cedurcs 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 
men should be limited to quantities 
less than 500 g 

37 With the approval of the orga 
nization s safety professional or 
safety committee, certain solid or 
high boiling organic peroxidizable 
conipounds 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 containing 
polyether groups These compounds 

should have a boiling 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 is not opportu- 
nity for concentration Even though 
such compounds are not believed to 
represent a significant hazard, the 
impunties introduced as a result of 
peroxidation can alter chemical pro- 
cesses using the matenal 

Removal of peroxldos 

40 There are several established 
laboratory procedures for removlng 
peroxides from soolvents 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 
conveniently removed by passtng 
the solvent through a short column 
of ordinary activated alumina No 
water i s  introduced, and small 
amounts of water that may be 
present are removed This method is 
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 VI Mehod E (Reaction Tim. and Cdor Dmlopmont 
fur Vanour Compounds Is A M d  by Both tho Compound 

and tho Per Cont d hmxido) 



hazard and, therefore, ihould not be 
disposed of in a waste can that con- 
tains other flammrbk matends It is 
recommended that alumins used for 
peroxtde removal be hrhed mtk or 
drowned in a dilute m d  solution o f  
potuuum lodub or ferrous saw 

43 M e l b o d z I P e r o % M e ~ W  
in water-inrolubt. @&&i 
hydracrrbont, atc) are crsn)r 16- 
moved by shakia$ with a cow 
centrated solution at 8 fenour salt 
A frequently wbd fmout soh mlu- 
tron can be prepued either from 60 g 
or fenour sulfate, 6 d of COU- 
cenvtrcd sdfu& acid, and 110 d of 
water, ot from too of fenour rul- 

&toric 8c& rsd 85 ml of W8tm 
(with toma cttren, mws ot aide- 

f8W, 0 d d -U8d hydre- 

hydm are prodpcsd by thit tr- 
ment ) Water b htroduced by rhfr 
method, so postdm wiU b~ * 
quitedUrdrgroZvcntilwrntsd = 

44 0CB.r M d b d ~  AJIIOUB the 
many other metbacb repotted fctt 

fitd 8nd smqmm Mdkm 

~ ~ e ~ . L o u s H n w g z w i r l r  

hydmdfk, a d  - b w  
soms rcdve mads rr#r teeir de- 

8 d d ,  8qusgUrrodhua 

e- 



Safety audit 

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

Srrucrure-are peroxidizable 
structures present or being formed? 

Process condirioru - will the 
process condition favor initiation of 
peroxidation and accumulation o€ 
peroxides9 

r Storage-will storage contain 
ers and conditioners reduce per 
oxlde initiation and accumulation, 
and are all products properly in 
hibited and labeled? 

54 Should the audit indicate that 
peroxidation or peroxide presence IS 
likely, the descnbed procedures of 

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