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Executive Summary

Ferrate(VI), commonly represented as FeO,>, is a high-valent iron oxidant that can combine three treatment functions in
one dose: oxidation, microbial inactivation, and coagulation after reduction to Fe(lll). This combination has attracted
sustained research interest for drinking water, wastewater, reuse, groundwater, industrial process water, and emergency
treatment applications.

Ferrate is not a universal drop-in replacement for every treatment chemical. Its performance is strongly influenced by pH,
dose, competing demand, contact time, mixing, and the method used to generate and deliver the reagent. The most
responsible path to implementation is contaminant-specific bench testing followed by a controlled pilot.

Key conclusion
Ferrate(VI) is best viewed as a multifunctional treatment platform. Its value is highest where one reagent can address
several objectives at once, reduce downstream chemical demand, or simplify a treatment train.

One Reagent, Three Treatment Functions

o OXIDATION o DISINFECTION o COAGULATION

Attacks reduced sulfur, =| Inactivates microorganisms |=p Reduces to Fe(lll), forming
selected organics, metals, under validated dose, pH, ferric hydroxide floc that
and taste/odor compounds. and contact-time conditions. helps capture particles.

Figure 1. Conceptual treatment functions of ferrate(VI).

Why Utilities Are Evaluating Ferrate(VI)

¢ Process intensification: oxidation, disinfection, and coagulation can occur sequentially from the same reagent.

e  Potential reduction in chemical inventory, storage, and feed complexity where ferrate displaces or reduces multiple
chemicals.

e  Formation of ferric hydroxide solids rather than a persistent oxidant residual after reaction.

¢ Documented treatment potential for reduced sulfur, particles, natural organic matter, selected metals, microorganisms,
and a broad range of organic contaminants.

e  Compatibility with on-site generation concepts that avoid long-term storage of an inherently unstable aqueous

reagent.
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1. Chemistry and Treatment Mechanisms

Ferrate(VI) in Water

Ferrate(VI) contains iron in the +6 oxidation state. In water, the dominant ferrate species and its reactivity depend on pH.
Under acidic conditions, ferrate has a very high oxidation potential; at neutral and alkaline pH it is generally more stable
but reacts more selectively. As ferrate accepts electrons, it is reduced toward Fe(lll).

Acidic representation FeO,* + 8H" + 3e” = Fe** + 4H,0

Alkaline representation FeO.,* + 4H,0 + 3e” = Fe(OH),(s) + 50H"

The second representation highlights an important practical feature: after oxidation, ferrate can produce ferric hydroxide
solids that act as a coagulant/adsorbent. This is the basis for the often-used description of ferrate as an “all-in-one”
reagent.

Mechanism 1 - Oxidation

Ferrate can oxidize many electron-rich or reduced compounds, including sulfide, certain reduced metals, phenolic and
amine-containing organics, and selected contaminants of emerging concern. Reaction rates vary widely. A compound that
is rapidly oxidized in clean laboratory water may react more slowly in real water because natural organic matter, alkalinity,
ammonia, or other constituents compete for dose.

Mechanism 2 - Disinfection

Ferrate can inactivate bacteria and other microorganisms through oxidative damage. Demonstrated performance depends
on the target organism, ferrate exposure, water matrix, pH, and contact time. Ferrate may contribute to primary
disinfection, but any drinking-water application must be validated against applicable regulatory requirements and must
account for the need for a disinfectant residual in distribution where required.

Mechanism 3 - Coagulation and Adsorption

The Fe(lll) produced during ferrate reduction hydrolyzes and forms ferric hydroxide floc. These solids can destabilize
colloids, adsorb some dissolved constituents, and improve subsequent settling or filtration. The oxidation step can also
alter natural organic matter and particles in ways that change coagulation behavior.

Important distinction
Ferrate does not remain as a long-lived distribution-system disinfectant residual. For potable water, it should be evaluated
as a treatment-stage reagent, not automatically as a substitute for every downstream disinfection requirement.
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2. Potential Applications
Where Ferrate(VIl) May Contribute

Treatment objective idati i . Coagulation/
) Oxidation Disinfection adsorption

Hydrogen sulfide / reduced sulfur

Iron and manganese

Natural organic matter / DBP precursors

Micropollutants and selected organics

Microorganisms

Turbidity and suspended solids

Phosphorus and some metals

Check marks indicate a plausible treatment mechanism - not a universal performance guarantee.

Figure 2. Treatment objectives and the ferrate mechanisms that may support them.

Drinking Water and Groundwater

¢ Pre-oxidation of reduced sulfur compounds, iron, manganese, and selected taste-and-odor contributors.

e Coagulation support for turbidity, color, natural organic matter, and some metals.

e Micropollutant oxidation and possible reduction of selected disinfection-byproduct precursors before final
disinfection.

e  Targeted microbial inactivation when dose and contact conditions are validated.

Municipal Wastewater and Reuse

e Chemically enhanced primary treatment or pretreatment to reduce suspended solids and phosphorus.
e  Oxidation of sulfide and odor-causing reduced compounds.

e Reduction of selected COD/BOD fractions and trace organics, depending on matrix and dose.

e  Tertiary polishing or reuse applications where oxidation and solids capture are both beneficial.

Industrial Water

¢ Produced water, cooling water, membrane pretreatment, and specialty contaminant removal.
e  Oxidative biofouling control and treatment of sulfide, metals, and selected organics.
e  Sijte-specific applications where chemical inventory reduction or on-demand generation has operational value.
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3. What Pilot and Research Studies Show
Pilot Drinking-Water Treatment

A 2018 pilot study at Lake Constance evaluated ferrate(VI) in a treatment train that included screening, ozonation,
coagulation, and filtration. At the reported low ferrate dose, the study observed strong particle removal after filtration and
additional removal of selected micropollutants. The authors also reported no bromate formation from ferrate under their
tested conditions, whereas ozonation generated measurable bromate in that water matrix [1].

Pilot Sewage Treatment

The same study evaluated ferrate for crude sewage pretreatment. At a reported dose of 0.03 mg Fe/L, average removals
were approximately 79% suspended solids, 56% total phosphorus, 50% COD, and 30% BOD under the study conditions.
The ferric sulfate comparison used a much larger iron dose. These results are promising, but they should not be
generalized without accounting for wastewater strength, pH, reactor configuration, and analytical methods [1].

Contaminant and DBP Research

Reviews and laboratory studies describe ferrate oxidation of numerous inorganic and organic contaminants [2-5]. Research
has also examined ferrate pretreatment as a strategy to reduce certain halogenated disinfection byproducts formed during
subsequent chlorination or chloramination [6]. The effect is compound- and matrix-specific: oxidation can reduce some
precursors, while incomplete transformation can create intermediates that require evaluation.

Current Practical Barriers

A 2024 perspective identified persistent barriers to broad deployment, including reliable and economical generation,
reactor design, process control, reagent stability, and the need for more full-scale evidence [7]. A subsequent 2026
engineering perspective expanded this analysis by treating ferrate as an integrated generation-treatment-separation
system [12]. These limitations do not negate the chemistry; they define the engineering work required to translate
promising results into dependable plant operation.

4. Engineering Ferrate(VI): The 2026 System-Level
Perspective

A 2026 Environmental Science & Technology perspective reframes ferrate deployment as an integrated engineered
system rather than a stand-alone chemical dose. The authors identify three interdependent subsystems: ferrate
generation, ferrate treatment, and solid-liquid separation. Weakness in any one subsystem can prevent successful scale-up
even when bench chemistry is favorable [12].

The Technology “Valley of Death”

Ferrate research is extensive at laboratory scale, but commercial deployment remains limited. The 2026 paper describes
this gap as a technology-readiness “Valley of Death,” where promising chemistry must be translated into reliable
generation, process control, plant integration, residuals management, and defensible lifecycle economics [12].

Generation Remains the Primary Bottleneck

Commercial readiness depends on producing ferrate at the required concentration, purity, yield, and rate while controlling
energy use and residual precursor chemicals. The paper highlights storage instability, the potential for residual sodium or
other feedstock-derived constituents, and the need to evaluate actual delivered ferrate rather than relying only on nominal
production claims [12].

www.municipalodorcontrol.com e sales@municipalodorcontrol.com e (407) 547-9949



OCPE | FERRATE(VI) TECHNICAL WHITE PAPER
Treatment Must Be Engineered for the Real Water Matrix

Ferrate performance is environment-dependent. pH, alkalinity, natural organic matter, competing reduced compounds,
temperature, mixing, contact time, and the target contaminant all influence dose utilization. The paper cautions against
broad claims based only on laboratory water and recommends comparative, application-specific evaluation against
conventional oxidants and treatment trains [12].

Solid-Liquid Separation Is Not Optional

Ferrate treatment creates iron-bearing particles and mixed treatment residuals. These solids may support coagulation and
adsorption, but they must be captured reliably. Settling behavior, filterability, membrane impacts, sludge volume,
dewaterability, and disposal requirements should be included in pilot design and lifecycle cost analysis [12].

Two Practical Full-Scale Configurations

The 2026 framework describes two broad implementation paths: an auxiliary configuration, where ferrate is inserted into
an existing treatment train as a pre-, intermediate-, or post-treatment step; and a stand-alone configuration, where
generation, reaction, and solids separation are designed as a dedicated integrated process. The best option depends on
existing infrastructure, hydraulic constraints, residuals handling, treatment goals, and the reliability required [12].

Ferrate(VI) as an Integrated Treatment System

Engineering success depends on all three subsystems - not the oxidant alone.
1. GENERATION 2. TREATMENT 3. SOLIDS SEPARATION

@ Fresh ferrate production @ Rapid and uniform mixing @ Capture of iron-bearing solids
@ Precursor and energy demand 4 @ Dose, pH and contact time * @ Settling, filtration or membranes
® Concentration and purity @® Oxidation / disinfection ® Residuals characterization
@® Control of residual feedstocks @® Coagulation and floc formation ® Sludge handling and disposal
@ Storage-time limitations @® Matrix-specific performance ® Finished-water verification
.\ w, \. w, \, w

PiE)t-to-full-scale pathway: bench testing -> pilot validation -> integrated design -> operating pr}f

Figure 4. Original OCPE diagram based on the system-level engineering framework described by Tang, He, and Deng (2026).

Evidence type What it supports What it does not prove Best next step

Bench study

Reaction pathway and dose
range

Full-scale operability or cost

Jar testing with site water

Pilot study

Process performance under
controlled field conditions

Universal performance
across plants

Extended pilot across
seasons

Full-scale demonstration

Real operating performance

Transferability without
validation

Performance guarantee tied
to design basis
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5. Design and Implementation Considerations

lllustrative Ferrate(VI) Treatment Train
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Source-specific On-site or Oxidation and Fe(OH)s floc Polished
contaminants fresh reagent disinfection formation finished water
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Final configuration, dose, pH, and contact time must be established by bench and pilot testing.

Figure 3. lllustrative ferrate treatment train. Actual process configuration must be site-specific.

Dose and Demand

The useful dose is controlled by the target contaminant and the total oxidant demand of the water. Sulfide, natural organic
matter, reduced metals, ammonia, nitrite, and other constituents can consume ferrate. Dose should therefore be expressed
against a measured objective, not selected solely from literature values.

pH

Lower pH generally increases ferrate reactivity but shortens its lifetime. Higher pH improves stability but can slow
reactions. Coagulation, contaminant oxidation, and microbial inactivation may each have different pH optima, so the best
operating point is often a compromise.

Mixing and Contact Time

Fast and uniform mixing is essential because ferrate can react quickly. The treatment system should distinguish rapid mix,
oxidation/contact, flocculation, and solids separation. Poor mixing can waste reagent and create inconsistent treatment.

Generation and Storage

Aqueous ferrate is not well suited to long-term storage. Practical deployment commonly emphasizes fresh preparation or
on-site generation. Electrochemical and wet-chemical generation approaches have been investigated. Vendor systems may
differ substantially in reagent concentration, yield, impurity profile, energy use, consumables, automation, and
maintenance requirements.

Residuals and Solids Handling

Ferrate ultimately produces iron-containing solids. Although this can aid treatment, it also adds solids that must be
separated and managed. Sludge quantity, dewaterability, metals content, and disposal options should be measured during
piloting.
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Instrumentation

¢  Flow-paced dosing with feedback from oxidation-reduction potential, UV absorbance, turbidity, sulfide, or other site-
relevant signals.

e Verification of ferrate concentration and generation efficiency using a validated analytical method.

e Routine monitoring of finished-water iron, turbidity, microbial indicators, and target contaminants.

Implementation Checklist

e Define a measurable performance target and acceptance criteria.

e Confirm the generation system can meet peak flow and dose demand.

¢  Provide redundant feed, mixing, and critical instrumentation where treatment continuity is required.

e  Establish startup, shutdown, cleaning, and off-spec reagent procedures.

e  Characterize residual solids and integrate them into the plant residuals-management plan.

e Train operators on ferrate chemistry, analytical verification, and precursor safety.

e Document regulatory approvals, product certifications, and reporting requirements before full-scale use.
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6. Safety, Regulatory, and Claims Guidance
Safety

Ferrate is a powerful oxidizer. Safe design must address chemical incompatibilities, caustic or oxidizing precursors used in
generation, electrical hazards, pressure, ventilation, spill control, and operator training. Safety data for the actual precursor
and generated reagent system should govern handling practices.

Drinking-Water Use

Ferrate has been researched for drinking-water treatment, but implementation in the United States is not automatically
authorized by the existence of published studies. A utility must confirm state primacy-agency acceptance, applicable
product certifications, residual limits, treatment technique requirements, disinfection credit, and any pilot or permitting
obligations. Ferrate treatment does not eliminate the need to comply with all Safe Drinking Water Act requirements.

Responsible Marketing Language

Prefer Avoid without project-specific evidence

“Can combine oxidation, disinfection, and coagulation “Replaces every treatment chemical.”

functions.”

“May reduce selected DBP precursors under validated “Produces no byproducts.”

conditions.”

“Has demonstrated contaminant removal in bench and “Guaranteed removal for all waters.”

pilot studies.”

“Requires site-specific testing and regulatory review.” “Plug-and-play drinking-water approval.”
OCPE position

Ferrate(VI) should be evaluated with the same discipline applied to any advanced treatment technology: define the
problem, characterize the water, test the chemistry, establish a design basis, and document compliance.
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7. Recommended Evaluation Pathway

1. Define the treatment
objectives

2. Characterize the matrix

3. Bench test

4. Compare alternatives

5. Pilot the complete process

6. Develop the design basis

Identify target contaminants, required finished-water goals, flow range, seasonal
variability, and downstream constraints.

Measure pH, alkalinity, TOC/DOC, UV254, turbidity, sulfide, ammonia, nitrite, iron,
manganese, bromide, microbial indicators, and other relevant constituents.

Establish dose-response curves, reaction time, pH sensitivity, floc formation,
filtration behavior, residual iron, and transformation products.

Evaluate ferrate against incumbent oxidants and coagulants on performance,
chemical demand, residuals, safety, and total cost.

Test generation, mixing, contact, solids separation, controls, reliability, and operator
workload over representative conditions.

Translate pilot results into guaranteed process criteria, equipment sizing,
monitoring requirements, and operating procedures.

Questions OCPE Recommends Asking Any Ferrate Technology

Provider

e What concentration and purity of ferrate is delivered at the point of use?

¢ How is ferrate concentration verified continuously or by routine testing?

e What precursor chemicals, consumables, waste streams, and maintenance tasks are required?

e What full-scale references exist for the same water matrix and treatment objective?

¢ What performance guarantee is offered, and what water-quality assumptions define it?

e How are start-up, operator training, spare parts, remote support, and regulatory documentation handled?
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8. Conclusion

Ferrate(VI) is one of the most technically interesting multifunctional reagents in modern water treatment. Its ability to
oxidize contaminants, inactivate microorganisms, and then generate an Fe(lll)-based coagulant creates opportunities for
process intensification. The 2026 engineering literature, however, makes clear that commercial success depends on an
integrated system: reliable fresh generation, matrix-specific treatment design, and effective solid-liquid separation. The
strongest evidence supports controlled testing and carefully engineered deployment - not blanket claims.

For utilities and industrial facilities, the decision should rest on measurable site-specific value: contaminant removal,
downstream process improvement, sludge and residual impacts, safety, reliability, regulatory acceptability, and total
lifecycle cost.

START A FERRATE(VI) FEASIBILITY REVIEW

Odor Control Products and Equipment, LLC

1200 Americana Blvd., Suite 1014 e Sanford, FL 32773
(407) 547-9949 e sales@municipalodorcontrol.com
www.municipalodorcontrol.com

Educational and technical information only. Final treatment recommendations require site-specific testing, engineering review, vendor data validation, and
approval by the applicable regulatory authority.

www.municipalodorcontrol.com e sales@municipalodorcontrol.com e (407) 547-9949



OCPE | FERRATE(VI) TECHNICAL WHITE PAPER
References

[1] Jiang, J.-Q., Stanford, C., & Petri, M. (2018). Practical application of ferrate(VI) for water and wastewater treatment - Site study’s
approach. Water-Energy Nexus, 1, 42-46. https://doi.org/10.1016/j.wen.2018.05.001

[2] Jiang, J.-Q., & Lloyd, B. (2002). Progress in the development and use of ferrate(VI) salt as an oxidant and coagulant for water and
wastewater treatment. Water Research, 36(6), 1397-1408.

[3] Talaiekhozani, A., Bagheri, M., Goli, A., & Khoozani, M. R. T. (2017). An overview on production and application of ferrate(VI) for
chemical oxidation, coagulation and disinfection of water and wastewater. Journal of Environmental Chemical Engineering, 5(2),
1828-1842.

[4] Sharma, V. K. (2011). Oxidation of inorganic contaminants by ferrates (VI, V, and 1V) - Kinetics and mechanisms: A review. Journal of
Environmental Management, 92(4), 1051-1073.

[5] Yu, J., et al. (2023). A review of research progress in the preparation and application of ferrate(VI) in water treatment. Water, 15(4),
699.

[6] Liu, J. Q., et al. (2020). Ferrate(VI) pretreatment before disinfection: An effective approach to controlling unsaturated and aromatic
halo-disinfection byproducts in chlorinated and chloraminated drinking waters. Environment International, 138, 105641.

[7] Deng, Y., et al. (2024). Barriers to ferrate(VI) application in water and wastewater treatment. Environmental Science & Technology,
58. https://doi.org/10.1021/acs.est.3c09203

[8] Zhang, H., et al. (2020). One-step ferrate(VI) treatment as a core process for alternative drinking water treatment. Environmental
Science & Technology.

[9] Boczek, L. A, et al. (2024). Potassium ferrate’s disinfecting ability: a study on human pathogens and surrogates. Environmental
Science and Pollution Research.

[10] U.S. Environmental Protection Agency. Drinking Water Regulations and Contaminants. Current federal regulatory overview; state
requirements and approvals may be more specific.

[11] Aqua Metrology Systems. SafeGuard H20O ferrate generation technology and ferrate reagent product information. Vendor literature;
performance claims require independent validation for each application.

[12] Tang, Z., He, Z., & Deng, Y. (2026). Engineering Ferrate(VI) for Water and Wastewater Treatment: Translating Science
into Technology. Environmental Science & Technology, 60(16), 11901-11913. https://doi.org/10.1021/acs.est.5¢16821

www.municipalodorcontrol.com e sales@municipalodorcontrol.com e (407) 547-9949



