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Abstract 
 
This report addresses recent developments concerning the identification and handling of 
potential peroxide forming (PPF) and peroxide yielded derivative (PYD) chemicals. PPF 
chemicals are described in terms of labeling, shelf lives, and safe handling requirements as 
required at SNL. The general peroxide chemistry concerning formation, prevention, and 
identification is cursorily presented to give some perspective to the generation of peroxides. The 
procedure for determining peroxide concentrations and the proper disposal methods established 
by the Hazardous Waste Handling Facility are also provided. Techniques such as neutralization 
and dilution are provided for the safe handling of any PYD chemicals to allow for safe handling. 
The appendices are a collection of all available SNL documentation pertaining to PPF/PYD 
chemicals to serve as a single reference.  
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1.  INTRODUCTION 
 
This report was written to address recent concerns at Sandia National Laboratories (Sandia) 
concerning the safe handling of potential peroxide forming (PPF) compounds and those that have 
formed an unacceptable level of peroxide [‘peroxide yielded derivative’ (PYD)].  Changes to the 
Chemical Inventory System (CIS) that are expected to occur this year will mitigate this issue; 
however, until that time, the major goal of this report is to summarize the information related to 
PPF/PYD compounds to ensure safe handling, including (i) a cursorily discussion of labeling and 
recommended shelf lives, (ii) peroxide chemistry in terms of formation, prevention, and 
identification (as of May 2013), (iii) safe handling and disposal requirements (iv) the Hazardous 
Waste Handling Facility’s procedure for determining peroxide concentrations, (v) peroxide 
neutralization chemistry, (vi) a procedure for yielding acceptable peroxide concentration levels, 
and (vii) a description of successful neutralization and dilution techniques that allow for safe 
handling.  The appendices of this document also serve as a single reference for all currently 
available Sandia peroxide documentation, including the May 2011 SAND report (2011-3509 P) 
on peroxidizable compounds, Industrial Hygiene (IH) documentation (e.g., ESH 100.2.IH.4 
requirements and Guidelines for Peroxidizable Organic Chemicals), an example center (1800) 
OP in place at Sandia concerning PPF compounds (OP1804004 Issue D), commercial peroxide 
testing strip documentation, a peroxide test strip comparison exercise, and Hazardous Waste 
Handling Facility documentation (RF 2042-PFC and FOP 08-11). It is important that your 
manager, ES&H and IH personnel be involved with all concerns or issues regarding PPF/PYD 
chemicals. 
 
 
 
1.1. Potential Peroxide Forming (PPF) Chemicals 
 
Known PPF compounds have been conveniently grouped into three major classes based on the 
work of Jackson et al. and Kelly.1,2 These classes were developed based on the method of 
peroxide formation. Table 1 lists some examples of the different classes of PPF compounds 
(note: this is NOT an exhaustive list). The different classes are discussed below with SNL 
requirements from ESH 100.2.IH.4 on storage, handling, and disposal included for each.   

 
Class A. These types of compounds can generate peroxides 
without concentration and may explode unexpectedly due to 
shock and heat sensitive (SNL: discard solids at 
manufacturer’s expiration date, liquids within 24 months of 
initial receipt, and gases within 36 months of initial receipt). 
Class B. These materials develop peroxides based on 
concentration (i.e., head space) due to evaporation or 
distillation (SNL: discard solids at manufacturer’s expiration 
date, liquids within 24 months of initial receipt, and gases 
within 36 months of initial receipt). 
Class C. These are typically unsaturated materials of low 
molecular weight that can polymerize (often violently) due 
to peroxide initiation.  These materials must be stabilized or 
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decontaminated (SNL: discard solids at manufacturer’s 
expiration date, liquids within 24 months of initial receipt, 
and gases within 36 months of initial receipt). 
 

All potential peroxide materials must have a label (see below) with established routine schedule 
for testing as per Industrial Hygiene documentation (e.g., ESH 100.2.IH.4 requirements and 
Guidelines for Peroxidizable Organic Chemicals). 
 
 

 
 

Figure 1  Example of a standard label required for PPF compounds 
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Table 1  Examples of Classes of potential peroxide forming (PPF) chemicals.3 
 
Class A  
Organic inorganic 
butadiene (106-99-0)  
chloroprene (126-99-8) sodium amide (7782-92-5) 
Divinyl ether potassium amide (17242-52-3) 
divinylacetylene (31014-03-6) potassium metal (7440-09-7) 
isopropyl ether (108-20-3)  
tetrafluoroethylene (116-14-3)  
vinylidene chloride (75-35-4)  

Class B  
acetal (105-57-7) methylacetylene (74-99-7) 
acetaldehyde (75-07-0) 3-methyl-1-butanol* (123-51-3) 
benzyl alcohol (100-51-6) methylcyclopentane (96-37-7) 
2-butanol* (78-92-2) methyl isobutyl ketone (108-10-1) 
cumene (98-82-8) divinylacetylene (31014-03-6) 
cyclohexanol* (108-93-0) vinylidene chloride (75-35-4) 
2-cyclohexen-1-ol (822-67-3) tetrafluoroethylene (116-14-3) 
cyclohexene (110-83-8) 4-penten-1-ol (821-09-0) 
decahydronaphthalene (91-17-8) 1-phenylethanol (98-85-1) 
diacetylene (460-12-8) 2-phenylethanol (60-12-8) 
4-methyl-2-pentanol* (108-11-2) 2-propanol* (67-63-0) 
diethyl ether (60-29-7) tetrahydrofuran (109-99-9) 
diethylene glycol dimethyl ether (111-96-6) tetrahydronapthalene (119-64-2) 
dioxanes (123-91-1 or 505-22-6) vinyl ethers 
ethylene glycol dimethyl ether (110-71-4) other secondary alcohols* 
4-heptanol* (589-55-9) dicyclopentadiene (77-73-6) 
2-hexanol* (626-93-7) cyclopentene 
Methyl methacrylate  chlorotrifluoroethylene 
Cyclooctene  furan 
Class C  
acrylic acid (79-10-7) styrene (100-42-5) 
acrylonitrile (107-13-1) tetrafluoroethylene (116-14-3) 
butadiene (106-99-0) vinyl acetate (108-05-4) 
chloroprene (126-99-8) vinylacetylene (689-97-4) 
chlorotrifluoroethylene (79-38-9) vinyl chloride (75-01-4) 
ethyl methacrylate (97-63-2) vinylpyridine (100-69-6) 
methyl methacrylate (80-62-6) vinylidiene chloride (75-35-4) 
*peroxide formation is typically slower unless concentrated 
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(b) Peroxide Formation Mechanism 

With any PPF chemical, peroxide formation should be anticipated; however, the mechanism of 
PPF compounds to PYD species for organic and inorganic compounds follows different routes 
and is discussed below to allow some understanding of how the peroxide forms to assist in 
mitigating this process. 
 

 

 

 

 

 
 
 
 
For organic PPF compounds three oxygen insertion pathways have been presented: radical 
initiation (equation 1), molecular oxygen (O2) insertion (equation 2), or peroxyradical generation 
(equation 3). For routes 1 and 2, an ether bond (R-O-R’) is a necessary requirement and the 
mechanism is catalyzed by light. Route 3 involves an organic radical that activates molecular 
oxygen. The insertion of molecular oxygen proceeds through weak carbon-hydrogen bonds or an 
activated hydrogen atom. Easily activated hydrogen atoms were recently reviewed4,5 and 
classified as containing: 
 

• methylene groups (-CH2-) adjacent to an ether oxygen, 

• methylene groups attached to a vinyl group (C=C-CH2-) or a benzene ring, 

• methine groups (-CH-) between a benzene ring and a methylene group (Ph-CH-CH2),   

• vinyl groups (-C=CH2). 

In contrast, inorganic peroxide formation occurs by several different mechanisms mainly 
involving the + metal center (equations 4-5). For instance, upon exposure to O2, potassium 
metal (K0) reacts with molecular oxygen (O2) to form potassium superoxide (KO2).  This PPF 
compound continues to react with residual K0 and converts to the highly sensitive potassium 
peroxide (K2O2) species. 

K0 + O2 → KO2    (4) 

KO2 + K0 → K2O2   (5) 

 

 

R· + O
2
 → ROO· 

(1) 

(2) 

(3) 

hν 
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(c) Peroxide Prevention 

Since only the introduction of O2 to the PPF compound will initiate the peroxide generation, 
storage of all PPF compounds should be under an inert atmosphere.  When this is not practical, 
storage in a metal flammable cabinet that prevents light exposure has been offered as an 
acceptable alternative. Dry packed bottles (for example, Sigma Aldrich Sure/SealTM bottles) 
stored in these cabinets leak over time thereby enabling the formation of PYDs. Required testing 
is in place to mitigate high PYD concentrations. Contrary to standard lore that low temperature 
storage may reduce peroxide formation,4 it is not advisable to store peroxide formers in 
refrigerators. There is no evidence that cold storage prevents or retards peroxide formation and in 
fact may lead to increased concentration of peroxides with disastrous results due to reduced 
peroxide solubility resulting in crystal formation.4,6 

 
Peroxide formation is also inhibited by the manufacturer via introduction of free radical 
scavengers (i.e., hydroquinone or diphenylamine, 2,6-ditert-butyl-p-methylphenol, 
polyhydrophenols, aminophenols, and arylamines) into the liquid PPF compound (i.e., 
tetrahydrofuran (THF) is typically stabilized with BHT).5 It should be noted that some inhibitors, 
phenolic inhibitors for instance, require the presence of oxygen in order to generate 
peroxyradicals (ROO·). Phenolic inhibitors react rapidly and selectively with peroxyradicals to 
isolate the radical.7 The free radical scavengers are effective inhibitors due to resonance stability 
and steric hindrance.  
 
The best practice to ensure that any PPF compounds obtained do not become PYD species is to 
avoid prolonged storage via rapid (as possible) use. Once received the best methods for 
preventing dangerous levels of peroxide formation are to actively monitor and as required 
dispose (including unopened bottles) of PPF compounds. 
 
(d) Peroxide Monitoring 
As per Industrial Hygiene documentation (e.g., ESH 100.2.IH.4 requirements and Guidelines for 
Peroxidizable Organic Chemicals), upon receipt of any PPF chemical, bottles are labeled (see 
Figure 1), dated, and tested on a 6 month schedule after opening.  Opened containers of liquid 
PPF chemicals should be tested after: 
 

Class A:  once opened and every 3 months, until emptied or disposed.   

Class B: once opened and every 6 months, until emptied or disposed.   

Class C:  once opened and every 6 months, until emptied or disposed.   

Prior to testing, use a flashlight to inspect the chemical containers for discoloration, 
crystallization, or liquid stratification, before any further interaction with the container.  It is of 
note that crystallization does NOT always mean peroxides have been formed. If any of the above 
is observed, and/or the PPF chemical is suspected as having turned into a PYD species: 
 

1. immediately limit access to the suspect container and clearly mark the 
container (without touching the container) indicating that the container 
should not be used or even moved by unauthorized personnel. This is 
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especially important if peroxide crystals or solid contamination are 
identified through visual inspection.  
 

2. remove other chemicals from the area in which the suspected problem 
container is located only if this can be done without moving or 
disturbing the suspect container. Make sure that all chemical handlers 
working in the area are aware of the container, and the potentially 
explosive nature of the chemical.  
 

3. contact your ES&H Coordinator or Environmental Compliance 
Coordinator.   
 

 (e) Safe Handling and Disposal Requirements 

For safe handling, the peroxide concentration in PYD chemicals must be below 30 ppm (which is 
likely to change to > 50 ppm by Industrial Hygiene), as determined by SNL (ESH 100.2.IH.4).  
This limit is based on the limits of peroxide testing strips, and the Veolia requirement of less than 
80 ppm. Veolia is a waste services company that aides in safe waste management, compliance, 
and efficient operating processes.8 The Hazardous Waste Handling Facility is a customer of 
Veolia. 
 
The Hazardous Waste Handling Facility can only accept PPF/PYD compounds declared waste 
that adhere to the following: 
 

1. a test-strip reading below 50 ppm (vide infra), 

2. the observed reading included on the Waste Description and Disposal Request 
(WDDR),  
 

3. coordination with hazardous waste disposal personnel concerning the peroxide ppm 
levels, 
 

4. if neutralized, the container must be labeled as “NEUTRALIZED” prior to use or 
disposal (note: when the NEUTRALIZED PPF compound is no longer of use and 
scheduled for disposal, the additives and low pH must be included on the WDDR).  For 
neutralization techniques see the ‘Methodology to Neutralize PYD Chemicals’ section. 
 

(f)  Peroxide Identification 

The identification of peroxide levels in PPF/PYD compounds is conveniently determined by a 
variety of commercially available test-strips. All test-strips utilize a dip sample followed by a 
color change on the test pad after a set time frame.  There is some disagreement on the storage of 
the test strips; however, in general it is agreed that the peroxide test strips should be stored at 
room temperature with their caps securely closed to prevent reaction with ambient moisture and 
light. Most manufacturers also advise closing the tube containing the test strips immediately after 
use. The test strips are also sensitive to other oxidizing agents such as free chlorine.   



15 

The 480014 WaterWorksTM (vide infra) and 1.10081.0001 MQuantTM test strips both use an 
enzymatic transfer of oxygen from the in situ formed peroxide to an organic redox indicator 
resulting in the formation of a blue dye.  It should be noted that the information sheet states that 
“the pH of the aqueous sample must be within the range 2 – 12.”  The test time for these 
products ranges from 30 seconds to up to three minutes.  It should be noted that the manufacturer 
advises use of test strips for chemical mixtures (i.e., waste), but warns that colorization in 
chemical mixtures can result in false readings. The accuracy of these test strips relies on dilutions 
of 1.8 mL of 30% H2O2 (~333,000 mg/L) to 1 L of distilled water. The solution should be tested 
immediately as it is not stable. The parameters above yield a 600 ppm reading. 
 
The 3003 XploSens PS test strips utilize the conversion of [Mo2O5(OH)] to [MoO3] (color 
changes to yellow) in the presence of peroxides. The procedure for peroxide identification using 
these strips does not require water addition.  
 
(g) Peroxide Test Strip Procedure 

The current (FY 2013) method for detecting unsafe levels of peroxides in liquids involves 
submerging a test strip into the PPF chemical, dipping in water (if PPF chemical is not an 
aqueous solution), and visually matching the color change after 30 seconds has elapsed to the 
level of detected peroxide. The following stripI is used at the Hazardous Waste Handling 
Facility: 
 

                                 
Figure 2 WaterWorksTM bottle and example ‘positive’ test strips for peroxides at (1) 0, (5) 

10 (7) 50, and (9) 100 ppm. 
 
The test strips are designed for detection of peroxides in aqueous solutions and simply require a 
dip and then visual comparison of the final color on the test pad to a color chart.  However, the 
manufacturer’s procedure for determination of hydroperoxide concentration in organic solvents 
is to (i) moisten the test pad with solvent, (ii) allow the sample dry, and (iii) moisten test pad 

                                                 
I WaterWorksTM is available from www.swnsafe.com (Cat. No. 480014) with detection levels of 
0, 0.5, 2, 5, 10, 25, 50, 100 ppm 
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with a drop of distilled water. The test time as stated on the bottle label and in the catalogue is 
listed as 30 seconds.   
 
The current (FY 2013) peroxide testing method used by the Hazardous Waste Handling Facility 
is to dip a new peroxide test strip into PPF solutions and briefly fan in air. The test pad is then 
lightly sprayed with deionized water. This test is performed in light and the color change is 
assessed at 1 minute.  
 
(h)  Aqueous H2O2 Identification 
 
Four commercially available peroxide testing strips were used to test formulated hydrogen 
peroxide concentrations in water (Table 2). Figures 3-5 are pictures of the test strips based on the 
parameters of Table 2. For these experiments the test strips were submerged into freshly 
prepared aqueous hydrogen peroxide solutions, misted with deionized water, and recorded after 
30 seconds elapsed (see section g for recommended testing procedure). All tests were performed 
under standard fluorescent light in a hood. Some correlation between the test strip and the 
bottle’s color palette were observed.  
 

Table 2 Conditions for example peroxide test strip preparation.a 

aUnless otherwise noted pictures were taken after 30 seconds. 
 
 

Sample Number Strip Type ppm µL of H2O2 in 100mL of H2O 
1 WaterWorksTM 480014 blank - 
2 MQuantTM 1.10081.0001 blank - 
3 XploSens PS blank - 
4 MQuantTM 1.10337.0001 blank - 
5 WaterWorksTM 480014 10 3.00 
6 MQuantTM 1.10081.0001 10 3.00 
7 WaterWorksTM 480014 50 15.01 
8 XploSens PS 50 15.01 
9 WaterWorksTM 480014 100 30.03 
10 MQuantTM 1.10081.0001 100 30.03 
11 XploSens PS 100 30.03 
12 MQuantTM 1.10337.0001 100 30.03 
13 XploSens PS 499 150.15 
14 MQuantTM 1.10337.0001 997 300.30 
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Figure 4  WaterWorksTM (5) and MQuantTM 1.10081.0001 (6) at 10 ppm (left), WaterWorksTM 

(7) and XploSens PS (8) at 50 ppm (middle), and WaterWorksTM (9), MQuantTM 
1.10081.0001  (10), XploSens PS (11) at 100 ppm, and MQuantTM 1.10337.0001 at 100 ppm 

(right). 
 
 
 

 
 
 
 
 
 
 
 
 

Figure 5 XploSens PS at 499 ppm (left) and MQuantTM 1.10337.0001 at 997 ppm (right). 
 

Figure 3  Blank WaterWorksTM (1), MQuantTM 1.10081.0001 (2), XploSens PS (3), and 
MQuantTM 1.10337.0001 (4) test strips. 
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Figure 6 shows the experimental results observed for each of the calculated concentrations. As 
expected, a darker color was noted as peroxide concentration increased. The top test pad for the 
MQuantTM 1.10337.0001 strip will change color when high peroxide concentration (~2000 ppm 
H2O2) is present. The strip was incorrectly suggestive of ~2000 ppm peroxide concentrations for 
test strips 12 (100 ppm) and 14 (997 ppm). The color palette on the XploSens PS bottle makes 
individual test strip identification difficult. Analysis for these strips is made easier when viewed 
as a series; however, strip 13 (500 ppm) is much darker than the bottle’s 500 ppm reference. The 
other MQuantTM test strips (1.10081.0001) demonstrated a decisive progression of peroxide 
concentration. The results are not as definitive as the bottle indicates at 30 seconds. The 
manufacturer addresses this issue by stating coloration within three minutes can be interpreted as 
a positive result. Based on the totality of the aqueous test strip evaluation, the WaterWorksTM 
strips had the best correlation between strip and bottle even though some green coloration is 
observed.  
 

 
 

 
 
 
 
 
 
 
 
 
 
Figure 6 Combined WaterWorksTM test strips (left), Combined MQuantTM 1.10081.0001 test 

strips (left middle), Combined XploSens PS test strips  (right middle), and Combined 
MQuantTM 1.10337.0001 test strips (right) after all testing was completed. 
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Figures 7-10 are used to demonstrate changes to strips over time and if strips dipped in deionized 
water test positive over time. The WaterWorksTM strips develop a deep green over time and they 
were the only strips to develop a color from water submersion. No observable changes were 
visible in the MQuantTM 1.10081.0001 test strips. Both the MQuantTM 1.10337.0001 and 
XploSens PS strips fade in color over time. 
 
 

 
Figure 7  Peroxide test strips after all testing was completed. 

 

 
Figure 8  Peroxide test strips with additional blanks immersed in water (labeled with 

corresponding number and W) after all testing was completed. 
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Figure 9  Peroxide test strips with additional blanks immersed in water (labeled with 

corresponding number and W) 24 hours later. 

 
Figure 10  Peroxide test strips with additional blanks immersed in water (labeled with 

corresponding number and W) 96 hours after immersion in water. 
 

(i)  Organic peroxide in THF Identification 

A set of calculated peroxide containing solutions (10, 50, 100, 500, and 1000 ppm) were 
investigated replacing water with the model solvent THF. Three organic peroxides (Figure 11) 
were used as the contaminant: (a) 2-hydroperoxy-2-methylpropane (A), (b) 2-hydroxyperoxy-2-
((2-hydroperoxybutan-2-yl)peroxy)butane (B), and (c) 3,3’-peroxybis(pentane-2,4-dione) (C). 
All peroxide solutions were first observed to be miscible (1:1) with THF. The parameters used to 
obtain the peroxide concentrations are given in Table 3. It should be noted that B has three 
peroxides in its structure. Therefore column D in Table 3 is the normalized value. After 
submerging the test strip in the respective solution, it was fanned in a fume hood for 15 seconds, 
misted with water, and the color was recorded after 1 minute (as noted in section g). Again all 
tests were performed under standard fluorescent light in a hood.  
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Figure 11 Depiction of (A) 2-hydroperoxy-2-methylpropane, (B) 2-hydroxyperoxy-2-((2-

hydroperoxybutan-2-yl)peroxy)butane, and (C) 3,3’-peroxybis(pentane-2,4-dione).  
 
 

Table 3  Conditions for organic peroxide test strip comparison.a 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aCommercially available peroxides used: 25 mL of 5-6 M tert-butyl hydroperoxide (A, 
CAS number 75-91-2) with a calculated (5M) stock peroxide concentration of 450600 
ppm, 100 mL of ~35 wt. % 2-butanone peroxide solution (B, CAS number 1338-23-4) 
with a stock peroxide concentration of 350000 ppm, 500 mL of  ~34 wt. % 2,4-
pentanedione peroxide solution (C, CAS number 37187-22-7) with a stock peroxide 
concentration of 363120 ppm. All peroxides were observed to be soluble (1:1) in 
Tetrahydrofuran (inhibitor-free, CHROMASOLV® Plus, for HPLC, ≥99.9%, CAS 
number 109-99-9). bPeroxide test strip number (volume of stock A added to 100 mL of 
THF in parentheses). cPeroxide test strip number (volume of stock B added to 100 mL 
of THF in parenthesis). dPeroxide test strip number (volume of stock C added to THF 
in parentheses). eB normalized by dividing volume by three (volume of stock B added 
to 100 mL of THF in parenthesis). fWaterWorksTM 480014 test strip. gMQuantTM 
1.10081.0001 test strip. hXploSens PS test strip. iMQuantTM 1.10337.0001 test strip.  
 
 

ppm      Ab        Bc       Cd        De 
10f  
10g 

10h 
10i 

1 (2.2 µL) 
2 (2.2 µL) 
3 (2.2 µL) 
4 (2.2 µL) 

16 (2.9 µL) 
17 (2.9 µL) 
18 (2.9 µL) 
19 (2.9 µL) 

31 (2.7 µL) 
32 (2.7 µL) 
33 (2.7 µL) 
34 (2.7 µL) 

46 (0.9 µL) 
47 (0.9 µL) 
48 (0.9 µL) 
49 (0.9 µL) 

50f  
50g 
50h 
50i 

5 (11.1 µL) 
6 (11.1 µL) 
7 (11.1 µL) 
8 (11.1 µL) 

20 (14.3 µL) 
21 (14.3 µL) 
22 (14.3 µL) 
23 (14.3 µL) 

35 (13.8 µL) 
36 (13.8 µL) 
37 (13.8 µL) 
38 (13.8 µL) 

50 (4.8 µL) 
51 (4.8 µL) 
52 (4.8 µL) 
53 (4.8 µL) 

100f 
100g 
100h 
100i 

9 (22.2 µL) 
10 (22.2 µL) 
11 (22.2 µL) 
12 (22.2 µL) 

24 (28.6 µL) 
25 (28.6 µL) 
26 (28.6 µL) 
27 (28.6 µL) 

39 (27.5 µL) 
40 (27.5 µL) 
41 (27.5 µL) 
42 (27.5 µL) 

54 (9.5 µL) 
55 (9.5 µL) 
56 (9.5 µL) 
57 (9.5 µL) 

500h 
500i 

13 (111.1 µL) 
14 (111.1 µL) 

28 (143 µL) 
29 (143 µL) 

43 (138.0 µL) 
44 (138.0 µL) 

58 (47.7 µL) 
59 (47.7 µL) 

1000i 15 (222.59 µL) 30 (286.6 µL) 45 (276.2 µL) 60 (95.5 µL) 



22 

Figures 12-17 are pictures of the resulting test strips utilizing A. No significant 
coloration was observed for any of the MQuantTM 1.10337.0001 test strips. Both the 
WaterWorksTM and MQuantTM 1.10081.0001 test strips yielded positive results; 
however, the colors noted were found to be significantly lower than actual values. The 
XploSens PS strips were the only ones to yield a distinct gradual coloration with the 
concentrations analyzed. Again, the color palette on the XploSens PS bottle makes 
individual test strip identification difficult.  
 
 
 
 

 
 
 
 
 
 
 

Figure 12  Test strips (1-4) of A with a peroxide concentration of 10 ppm.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 13  Test strips (5-8) of A with a peroxide concentration of 50 ppm.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 14 Test strips (9-12) of A with a peroxide concentration of 100 ppm. 
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Figure 15 Test strips (13-14) of A with a peroxide concentration of 500 ppm.  
 

 
Figure 16  Test strip (15) of A with a peroxide concentration of 1000 ppm.  

 

 
Figure 17  Test strips (1-15) of A after testing complete.  
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Figures 18-25 are pictures of the resulting test strips utilizing B. All strips successfully 
identified the presence of peroxides and all exhibited a gradual increase as 
concentration increased. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 18 Test strips (16-19) of B with a peroxide concentration of 10 ppm.  
 
 
 
 
 
 
 
 
 
 
 

Figure 19  Test strips (20-23) of B with a peroxide concentration of 50 ppm.  
 
 
 
 
 
 
 
 
 
 
 
 

Figure 20  Test strips (24-27) of B with a peroxide concentration of 100 ppm. 
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Figure 21  Test strips (28-29) of B with a peroxide concentration of 500 ppm.  
 

 
Figure 22  Test strip (30) of B with a peroxide concentration of 1000 ppm.  

 

 
Figure 23  Test strips (16-30) of B after testing complete. 
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Figure 24  WaterWorksTM (left) and MQuantTM (right) test strips of B after testing complete. 

 

 
Figure 25  XploSens PS (left) and MQuantTM (right) test strips of B after testing complete. 
 
 

Figures 26-33 are pictures of the resulting test strips utilizing C. With the exception of 
the MQuantTM 1.10337.0001 test strips, peroxide concentrations were successfully 
identified and in general a gradual increase as concentration increased was observed. 
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Figure 26  Test strips (31-34) of C with a peroxide concentration of 10 ppm.  
 
 
 
 
 
 
 
 
 
 

 
Figure 27  Test strips (35-38) of C with a peroxide concentration of 50 ppm.  

 
 
 
 
 
 
 
 
 
 
 

Figure 28  Test strips (39-42) of C with a peroxide concentration of 100 ppm. 
 
 
 
 
 
 
 
 
 
 

Figure 29  Test strips (43-44) of C with a peroxide concentration of 500 ppm.  
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Figure 30  Test strip (45) of C with a peroxide concentration of 1000 ppm.  

 

 
Figure 31  Test strips (31-45) of C after testing complete. 

 

 
Figure 32   WaterWorksTM test strips of C after testing complete. 
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Figure 33  MQuantTM (left and right) and XploSens PS (Middle) test strips of C after testing 

complete. 
 

Figures 34-41 are pictures of the resulting test strips utilizing normalized values of B. 
Again, all strips successfully identified the presence of peroxides and all exhibited a 
gradual increase as concentration increased. Over time the second pad on the 
MQuantTM 1.10337.0001 test strip was incorrectly positive. 

 
 
 
 
 
 
 
 
 
 
 
Figure 34  Test strips (46-49) of D (B normalized) with a peroxide concentration of 10 

ppm.  
 
 
 
 
 
 
 
 
 
 
 
Figure 35  Test strips (50-53) of D (B normalized) with a peroxide concentration of 50 

ppm.  
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Figure 36  Test strips (54-57) of D (B normalized) with a peroxide concentration of 100 

ppm. 
 
 
 
 
 
 
 
 
 
 
 
Figure 37  Test strips (58-59) of D (B normalized) with a peroxide concentration of 500 

ppm.  
 

 
Figure 38  Test strip (60) of D (B normalized) with a peroxide concentration of 1000 ppm.  
 

 
Figure 39  Test strips (16-30) of D (B normalized) after testing complete. 
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Figure 40  WaterWorksTM (left), MQuantTM (middle), and XploSens PS (right) test strips of 

D (B normalized) after testing complete. 
 

 
Figure 41  MQuantTM test strips of D (B normalized) after testing complete. 

 
 

Differences between the contaminant B and D were observed until the 100 ppm concentration 
was tested. The WaterWorksTM, MQuantTM 1.10081.0001, and XploSens PS test strips 
successfully identified the presence of peroxides at all of the concentrations studied. The 
XploSens PS test strip successfully identified all of the peroxide concentrations; however, as 
mentioned above single strip analysis is difficult do due to slight variations in the color palette. 
Unfortunately, a liquid cyclic peroxide was not commercially available for this analysis. Based 
on the inability to identify hydroperoxides coupled with the identification of peroxides in old 
THF bottles, it is presumed that the strips successfully identify the presence of cyclic peroxides. 
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 (j) Peroxide Neutralization 
If a test strip reads ≥ 30 ppm (likely to change to > 50 ppm), the material should be neutralized 
for safe handling. Neutralization techniques are detailed in the methodology to neutralize PYD 
chemicals section.  
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2.  BACKGROUND 
 
(a) Peroxide Neutralization Chemistry 
 
Current peroxide neutralization involves the use of a Co(II)9, Fe(II)1,2,4,10 or [Mo2O5(OH)]11 
reagent.   The Co(II) and Fe(II) neutralizers were chosen based on their ability to readily oxidize 
in the presence of peroxide materials. Of these neutralizers, the Co(II) precursor is used when a 
slow (≤ 30 days) reaction is necessary engendering a safe, room temperature route.  The Fe(II) 
precursor possesses a stronger oxidation potential in acidic aqueous solutions and thus a more 
rapid conversion can occur; however, some elevation of the sample’s temperature must be 
endured during the neutralization process. An acidic solution is required as alkaline solutions 
convert hydrated ferrous complexes to colloidal ferric complexes which inhibit neutralization.12  
In contrast to the M(II) reagents, the [Mo2O5(OH)] complex was selected based on its electronic 
transport and acidic properties,11  which allows for rapid conversion of peroxides to alcohols. A 
quick review of the neutralization reactions that occurs for each of these routes are presented 
below. 
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(b) Oxidation 

Typically an iron(II) (or Fe2+) salt (sulfate or chloride) is mixed with concentrated sulfuric acid 
(H2SO4) and water (H2O).13  In most instances, the precursor of choice has been Fe(SO4)•7H2O. 
It is of note that the monohydrate derivative is not as efficient at neutralization, which is believed 
to be due to discrepancies in the concentration levels of the Fe2+ in water (i.e., the hepta hydrate 
allows for more Fe2+ to be solubilized versus the monohydrate). The process of neutralization is 
in dispute but two pathways have been proposed: (i) radical process versus (ii) oxoiron (IV) 
complex formation.  
 
(i) Radical Process.  For the radical process mechanism, once the Fe2+ is generated in solution, it 
is then added to the peroxide containing chemical.  As depicted in Equations 6 and 7, the Fe2+ 
method proceeds via a radical process.14,15  In this process the peroxide reacts with the Fe2+ to 
form the Fe3+ cation, along with an alkoxy anion (OR’-) and alkoxy free radial (RO•).  The RO• 
reacts with the remaining Fe2+ cation to generate more Fe3+ and OR’-. This continues until the 
peroxide is consumed.    
 

ROOR’ + Fe2+ → Fe3+ + RO- + R’O· 
(6) 
 

R’O· + Fe2+ → Fe3+ + R’O-
(7) 
 

R = H or organic, R’ = H or organic 
 
The fate of the OR’- is the eventual formation of an alcohol or water (equation 8). 
 

(8) 
 

R = H or organic 
 

(ii) Oxoiron (IV).  For this mechanism, an oxoiron (IV) complex is proposed as the critical 
intermediate.  This process is supported by a kinetic reinvestigation of whether or not O2 is 
evolved and the resulting alteration to Fe3+ concentrations16, DFT studies17, and in situ oxoiron 
(IV) complex production.18 The intermediate is generated from the addition of hydrogen 
peroxide to a Fe2+ complex.  UV-Vis spectra of this combination can be used to monitor the 
formation of an oxoiron (IV) complex. The mechanism is essentially a base catalyzed oxidative 
addition (Scheme 1). The mechanism is initiated by coordination of hydrogen peroxide to the 
iron (II) complex. The base deprotonates the coordinated peroxide resulting in oxidative addition 
of oxygen to generate an oxoiron (IV) complex. 
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Scheme 1. Mechanism of oxoiron (IV) complex synthesis.  

(c) Mo2O5(OH) 

 
The reaction of [Mo2O5(OH)] with peroxides is shown below in equation 9.  The Mo-reagent 
undergoes a rapid reaction with the peroxide to yield water and/or alcohols (Equation 9). 
 

2 [Mo2O5(OH)] + ROOR’ → 4 [MoO3] + ROH + R’OH  (9) 
R= H or organic, R’=H or organic 

 
There are several benefits of the [Mo2O5(OH)] neutralization process, including a color 
indication for successful neutralization. A yellow precipitate is indicative of the formation of 
peroxo complexes of Mo, a direct result of high peroxide concentrations.11 [Mo2O5(OH)] can 
also be used for peroxide test strips by air dying a [Mo2O5(OH)]/butanol solution on filter paper. 
Unfortunately, this process is not as efficient and is also significantly more costly than the Fe2+ 
method (vide infra).  
 

3.  METHODOLOGY TO NEUTRALIZE PYD CHEMICALS 
 
Outlined below is the methodology suggested to SAFELY neutralize PPF chemicals that are 
above the safe handling limit (i.e., PYD) but do not exceed the Industrial Hygiene recommended 
limit of 800 ppm. If levels above 800 ppm are observed, dilution is a viable method to reduce 
concentration in order to allow for neutralization. This practice necessitates the buddy system 
(the presence of another qualified MOW).  Additionally, management, ES&H, and IH should be 
involved in any PYD systems identified to have formed unacceptable peroxide levels.  If you are 
not familiar or comfortable with any of the described procedures, it is recommended that you 
seek additional help from more experienced coworkers. 
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(a) Neutralization Process for Chemical ManagementII,III 

 
Once a PPF chemical has been identified as a PYD (concentration level between 

51 - 800 ppm)IV and a management approved neutralization plan has been 
developed then: 

 
1. Notify management, nearby  labs, and ES&H personnel as to the schedule of 

the neutralization process. 
2. Verify a qualified laboratory assistant is available, able, and willing to assist. 
3. Ensure fire mitigation equipment (i.e., fire extinguisher) is available.  

Note:  peroxide fires are difficult to extinguish.  
4. Ensure  a  cleared  fume  hood,  a  temperature  monitoring  device  (i.e., 

thermometer or thermocouple), and an ice bath are available. 
5. Locate clean and proper glassware (PyrexTM or equivalent and at  least twice 

the volume to be treated) including: (i) Neutralization Flask A ‐ a 2 L or larger 
flask with a stir bar and (ii) Neutralization Solution Flask B – a 2 L or  larger 
flask with a stir bar. 

6. Limit volume of peroxide yielded derivative (PYD) chemical to be neutralized 
to  1  liter  or  less  per  reaction.  Use  extreme  care when  handling  chemical 
bottles, minimizing bumping, mixing, shaking, etc. 

7. Place the 2 L Neutralization Flask A in an ice bath. 
8. Using  secondary containment carefully  transfer  less  than 1  liter of  the PYD 

chemical to be neutralized into the Neutralization Flask A.  
9. In  the Neutralization Solution  Flask B add,  in order, 110 mL of H2O, 6 mL 

concentrated  sulfuric  acid,  and  110  g  of  iron  sulfate  heptahydrate 
(Fe(SO4)•7H2O). 

10. Allow the Neutralization Solution B mixture to stir for 5 minutes. 
11. Add Neutralization  Solution  B mixture  to  the  cooled  PYD  chemical  in  the 

Neutralization Flask A and stir.   
12. Monitor the temperature of the reaction in Neutralization Flask A.  Once the 

temperature  no  longer  increases,  the  reaction  is  complete.  The 
neutralization is a rapid process and can be tested within a couple minutes. 

13. RetestV  the  solution  in  Neutralization  Flask  A  for  peroxide  concentration 
levels by dipping a new peroxide  test  strip  into neutralized product. Briefly 
fan  in  air  and  then  lightly  spray  (mist)  the  strip with deionized  (DI) water. 
Observe color change at 1 minute. Perform this test in light. 

14. If  needed  repeat  steps  9  –  13  until  an  acceptable  peroxide  strip  reading 
occurs. 

15.  Label the Neutralization Flask A as “NEUTRALIZED”. 

                                                 
II  As of APR 2013: this process was successfully performed at Sandia by:  
           Jeremiah Sears (1815), Mathias Celina (1819), Adam Pimentel (1819), Leah Appelhans (1835),  
           Nicholas, Hudak (2546),  Constantine Stewart (6823),and Michael Kent (8622) 
III For liquid solutions. Note that the Hazardous Waste Handling Facility can accept un-neutralized 30% H2O2 as 
waste.  
IV If above 800 ppm, dilution is a viable method to reduce concentration in order to neutralize. 
V The method described is currently (FY 2013) used by the Hazardous Waste Handling Facility. 
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(b) Dilution Example for Chemical ManagementVI 

For this example, consider a 4 L bottle of the PPF tetrahydrofuran (THF) that was found to 
contain a peroxide concentration of just less than 1000 ppm. This THF was declared a PYD and 
therefore neutralization is required.  The concentration is too great to handle safely and dilution 
was decided as a mechanism to reduce the peroxide concentration.   
The general equation that this follows is 

M1V1 = M2V2 
where M = concentration and V = volume 

Once a high peroxide concentration in a PYD (> 800 ppm) chemical has been 
identified and a management approved dilution plan has been developed 

 
1. Notify management, nearby  labs, and ES&H personnel as to the schedule of 

the dilution process. 
2. Verify a qualified laboratory assistant is available, able, and willing to assist. 
3. Ensure fire mitigation equipment (i.e., fire extinguisher) is available.  

Note:  peroxide fires are difficult to extinguish.  
4. Ensure a cleared fume hood is available. 
5. Ensure  the high  concentration PYD THF  (THF‐999)  is  ready  for dilution and 

that a PPF bottle of THF  (THF‐0)VII  is available at sufficient quantity to allow 
for the necessary dilution. 

6. Locate clean and proper glassware (PyrexTM or equivalent and at  least twice 
the volume to be treated) including: two 2 L or larger flasks. 

7. Using secondary containment carefully transfer half of the 4 L bottle of THF‐
999 to the empty 4 L flask (A‐1). 

8. Add 0.5 L of THF‐0 to A‐1. 
9. A‐1  now  has  a  peroxide  concentration  of  799  ppm  and  can  be  safely 

neutralized in 1 L quantities (vide supra). 
10. Using  secondary  containment  carefully  transfer  the  remainder  of  the  4  L 

bottle of THF‐999 to the second empty 4 L flask (A‐2). 
11. Add 0.5 L of THF‐0 to A‐2. 
12. A‐2 can now be safely neutralized in 1 L quantities (vide supra). 

                                                 
VI Example dilution for 4 L of THF with a peroxide concentration of 999 ppm. Note a higher peroxide concentration 
requires more dilution. 
VII Peroxide concentration at 0 ppm. 
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(c) Neutralization Solution Preparation and Use 

A description of the Neutralization process described above is detailed below.  Initially 
concentrated sulfuric acid is added to water. After this, the iron sulfate heptahydrate is added 
slowly. The solution is vigorously stirred using a magnetic stir-bar and plate for a couple minutes 
(~ 5 min). The generation of iron (II) ions is exothermic as a change in temperature may be 
observed. Typically this change is ≤ 20 oC. After stirring, the light green solution in 
Neutralization Solution Flask B is added to the chemical containing peroxides in Neutralization 
Flask A. This is allowed to stir a couple minutes as well. The strip test is then used again to test 
for peroxide concentration.   
 
Half quantities (55 g iron sulfate heptahydrate, 55 mL water, and 2.5 mL H2SO4) can 
successfully neutralize 2 L of THF.  
 
It should be noted that relatively fresh iron sulfate monohydrate should be used for this process, 
since older iron sulfate monohydrate has been found to be unsuccessful in neutralization.  
 
(d) Molybdenum Neutralization 

Alternatively, [Mo2O5(OH)] can be prepared from refluxing 30 g of MoO3, 300 mL of n-butanol, 
and 5 mL of concentrated HCl for 6 hours.11 During this time a dark blue color should develop. 
The reaction is then cooled to room temperature, filtered, washed with n-butanol, and dried in a 
vacuum oven (25 oC). Yields of 98% are reported. The [Mo2O5(OH)] product can then be used to 
neutralize peroxide forming chemicals with the added benefit of color indication (yellow) in the 
presence of high concentrations of peroxides. It is advised that the chemical to be neutralized be 
placed in an ice bath. XPellTM R is a commercially available, patent pending product that 
neutralizes peroxides in a similar manner.  XPellTM R can be purchased in 50 gram quantities but 
expires a year after purchase. The suggested ratio is 0.5 grams per liter of peroxide forming 
chemical. Be advised that much larger quantities may be required as this method is not as 
efficient as the iron sulfate method.  



39 

 
4. SUMMARY AND CONCLUSIONS 

 
This report is in response to recent discoveries of chemicals with high peroxide concentrations. 
The WaterWorksTM, MQuantTM 1.10081.0001, and XploSens PS test strips were successful at 
identifying the presence of both hydrogen and organic peroxides. The XploSens PS test strip 
successfully identified all of the peroxide concentrations; however, single strip analysis is 
difficult do due to slight variations in the color palette. The iron sulfate method is a superior 
technique for neutralizing chemicals that contain peroxides when dilution is not a practical 
method.  
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APPENDIX A. PREVIOUS SAND REPORT ON PEROXIDE FORMING CHEMICALS 
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APPENDIX A. Previous SAND report on peroxide forming chemicals. 
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APPENDIX A. Previous SAND report on peroxide forming chemicals. 
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APPENDIX A. Previous SAND report on peroxide forming chemicals. 
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APPENDIX B. GUIDELINES FOR PEROXIDIZABLE CHEMICALS1 
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1Obtained from the Industrial Hygiene Program (04127) webpage under chemical safety. 
APPENDIX B. Guidelines for Peroxidizable Chemicals 
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APPENDIX C. SURVEILLANCE OF CHEMICAL INVENTORY FOR PEROXIDE-
FORMING CHEMICALS.1 

 
1Obtained from the Industrial Hygiene Program (04127) webpage under chemical safety. 
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APPENDIX D. GUIDANCE FOR PEROXIDE-FORMING CHEMICALS1 

 
1Previously obtained from the Industrial Hygiene Program (04127) webpage under chemical 
safety (no longer available). 
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APPENDIX E. TESTING REQUIREMENTS FOR PEROXIDE-FORMING CHEMICALS1  

 
1Previously obtained from the Industrial Hygiene Program (04127) webpage under chemical safety (no longer available). 
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APPENDIX F. EXAMPLE CENTER (1800) OP IN PLACE AT SANDIA CONCERNING 
PPF COMPOUNDS1 

 
1Obtained from 1800 SharePoint. 
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APPENDIX F. Example center (1800) OP in place at Sandia concerning PPF 
compounds. 
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APPENDIX F. Example center (1800) OP in place at Sandia concerning PPF 
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APPENDIX G. WATERWORKSTM MANUAL DESCRIPTION.1 

 
1Obtained from a distributor of WaterWorksTM peroxide testing strips. 
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APPENDIX H. MQUANTTM 1-100 PPM TEST STRIP INSTRUCTIONS.1 

 
1Obtained from an MQuantTM Technical Services Specialist. 
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APPENDIX I. MQUANTTM 100-1000 PPM TEST STRIP INSTRUCTIONS.1 

 
1Obtained from an MQuantTM Technical Services Specialist. 
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APPENDIX J. EM QUANT® TECHNICAL NOTES.1 

 
1Obtained from an MQuantTM Technical Services Specialist. 
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APPENDIX J. EM Quant® Technical notes. 
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APPENDIX J. EM Quant® Technical notes. 
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APPENDIX K. ORGANIC PEROXIDE TEST STRIP COMPARISON EXERCISE.1 

 
1Obtained from the Hazardous Waste Handling Facility. 
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APPENDIX K. Organic peroxide test strip comparison exercise. 
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APPENDIX L. HAZARDOUS WASTE HANDLING FACILITY PEROXIDE FORMING 
CHEMICALS EVALUATION FORM.1 

 
1Obtained from the Hazardous Waste Handling Facility’s webpage. 
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APPENDIX L. Hazardous Waste Handling Facility peroxide forming chemicals evaluation 
form. 
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APPENDIX L. Hazardous Waste Handling Facility peroxide forming chemicals evaluation 
form. 
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APPENDIX M. HAZARDOUS WASTE HANDLING FACILITY FOP 08-11.1 

 
1Obtained from the Hazardous Waste Handling Facility’s webpage. 
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