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Activated Persulfate
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Klozur® Persulfate is:

 Based on the sodium persulfate molecule

 A strong oxidant used for the destruction of 

contaminants in soil and groundwater

 Aggressive and fast acting chemistry with 

extended subsurface lifetime (weeks to months) 

and little to no heat or gas evolution

 Applicable across a broad range of organic 

contaminants

 Highly soluble in water (significant oxidant mass in 

smaller volumes)

Introduction to Activated Persulfate

Field solubility of 

more than 500 

g/L possible
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Fundamental Chemistry

• Klozur® Activated Persulfate is based upon the persulfate anion:

• Persulfate is a peroxygen, and similar to hydrogen peroxide, can be 
split at the O-O bond thus forming the sulfate radical:

-O3S-O-O-SO3
-  -O3S-O•   •O-SO3

-
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Fundamental Chemistry

Common activation methods 
include:

 Alkaline activation 

• (OH, SO4-, O2-)

 Iron or iron chelate activation 

• (SO4-)

 Heat activation 

• (Temperature dependent: 

OH, SO4-, O2-)

 Hydrogen peroxide activation 

• (OH, SO4-, O2-)

Oxidant
Standard 

Reduction 
Potential (V)

Reference

Hydroxyl radical (OH) 2.59 Siegrist et al.

Sulfate radical (SO4
-) 2.43 Siegrist et al.

Ozone 2.07 Siegrist et al.

Persulfate anion 2.01 Siegrist et al.

Hydrogen Peroxide 1.78 Siegrist et al.

Permanganate 1.68 Siegrist et al.

Chlorine (HOCl) 1.48 CRC (76th Ed)

Oxygen 1.23 CRC (76th Ed)

Oxygen 0.82 Eweis (1998)

Fe (III) reduction 0.77 CRC (76th Ed)

Nitrate reduction 0.36 Eweis (1998)

Sulfate reduction -0.22 Eweis (1998)

Superoxide (O2
-) -0.33 Siegrist et al.

ZVI -0.45 CRC (76th Ed)
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PFOA
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PFOA: Key Characteristics

• Strong acid (pKa -0.5)

 Other reports of pKa of 2.8 and 

3.8

• Solubility

 Anion-highly soluble (500-9,500 

mg/L)

 Neutral form- low solubility (0.025 

mg/L)

• Unlikely to volatilize

• Moderate Koc

• Half Life

 Likely to persist in groundwater if 

left untreated

Key Characteristics of PFOA

CAS Number 335-67-1

Physical Description (Typical 

Room Conditions)

White 

powder/waxy 

white solid

Molecular Weight (g/mol) 414

Water Solubility (mg/L @ 

25°C)
9,500

pKa [Goss (2008) ES&T] -0.5

Boiling Point  (°C) 188

Vapor Pressure (mm Hg at 20 

°C)
0.017

Koc 115

Half Life

Atmospheric (years) 0.25

Water  (years @ 25°C) >92

Source: EPA May 2012
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Treatment of PFOA

Showed that PFOA can be degraded by the sulfate radical (SO4-)

Horiet al (2005) Environ Sci & Tech
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Heat Activated Persulfate

Other Articles: 

•Hori et al (2008) Environ. Sci. & Technol.

•Medina (2014) EPA 542-N-14-002 No 66

Yee et al (2012) Chemical 

Engineering Journal
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Nucleophilic Pathway

• Destruction of PFOA in catalyzed 

hydrogen peroxide system

• Authors concluded that this was 

accomplished by nucleophiles

hydroperoxide (HO2
-) and 

superoxide (O2
-)

• Superoxide and hydroperoxide

can also be formed in activated 

persulfate systems

Mitchell et al (2014) Environ. Sci. & Tech. Lett.
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PFOS
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Key Characteristics of PFOS

• Moderate solubility

 Decreases depending upon solute

• Unlikely to volatilize

• Moderate Koc

• Half Life

 Likely to persist in groundwater if 

left untreated

Key Characteristics of PFOS

CAS Number 2795-39-3

Physical Description (Typical 

Room Conditions)
White powder

Molecular Weight (g/mol) 538 (potassium salt)

Water Solubility (mg/L @ 25°C)

Purified Water 570

Freshwater 370

Filtered Seawater 25

Vapor Pressure (mm Hg at 20 

°C)
0.00000248

Koc 372

Half Life

Atmospheric (years) 0.31

Water  (years @ 25°C) >41

Source: EPA May 2012
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Treatment of PFOS

Data shows treatment of PFOS by

alkaline, heat and hydrogen

peroxide activation of persulfate

Heat 

Activated 

Persulfate

H2O2

Activated 

Persulfate

Alkaline Activated 

Persulfate

Kingshott (2008) Imperial College London
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Treatment of PFOS

• Persulfate activated with UV, Heat, 

Fe (II), and Ultrasonic

• Lower pH more effective

Yang et al (2013) PLoS ONE
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21 Day Study

• Bench scale jar test:

 Data showed 49 to 83 percent 

reduction in PFOS concentration

 Treatment increased with 

increasing persulfate 

concentration

 Each activator effective

 Minimal evolution of fluoride



17

Conclusions

• PFOA and PFOS have complex aqueous chemistry

• PFOA can be degraded by sulfate radical, hydroperoxide and
superoxide radical formed by activated persulfate

• Treatment of PFOS by activated persulfate has been
observed
 Reactive species not yet identified

• Typical pathway with persulfate, academic studies with heat
activation followed by field implementation including other
activation methods
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Questions

Brant Smith, P.E., Ph.D

Brant.Smith@peroxychem.com


