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PRESIDENT’S MESSAGE

Dear colleagues:

Welcome to 2018 and the first issue of "Ozone News" in 2018.

Looking back, I note that 2017 was an eventful year. Not only

in international politics, but also for the IOA. On 29th March

2017, the IOA-EA3G organized a one-day event in Berlin

(Germany), which was well attended. The 26th annual

conference of the IOA-NIG took place in Tokyo (Japan) from

15th to 16th June 2017. The highlight in 2017 was certainly the

"23rd World Congress", which was held in Washington D.C.

(USA). Well attended and perfectly organized by the IOA-

PAG, this event offered many interesting presentations as well

as the opportunity to exchange ideas with others from the world

of ozone. The 36th Seminar on Ozone Technology and a

technical tour took place in Amagasaki (Japan) from 15th to

16th November – again organized by the IOA-NIG. Last but

not least, the IOA-EA3G organized an international conference

in Shanghai on the topic of "Ozone and Advanced Oxidation

for the water - food - health nexus".

These many events made for an action-packed 2017. Let me

take this opportunity to express my sincere thanks to all those

involved in the realization of such events – from which we can

all benefit. Furthermore, I would also like to thank our sponsors

and exhibitors. Without them, such occasions would become all

but extinct.

Special thanks also to Mike Oneby, who introduced me to my

new position with patience and a wealth of knowledge.

The world is changing, and the pace of change is accelerating.

This continuously poses new challenges to the industry, but

also to organizations such as the IOA. On the one hand, it must

be possible to keep up with the pace and on the other hand,

there are ever more complex challenges that must be

recognized and addressed. It seems to be a law of nature that

we do not always take well to innovation and change. Yet it is

important to come to terms with it and make the best of it. And

often enough, change opens up new fields of application or

new business opportunities.

To be honest, I sometimes have the impression that the IOA is

an organzation that seems a little too focused on the past and

somewhat too lethargic. However, it should not be forgotten

that the IOA is run by people who do so in their spare time on

a voluntary basis, often on top of an already highly demanding

job. The IOA also needs new, young members in addition to its

long-standing and loyal members. Unfortunately, I don't have a

generally applicable formula on how to find these. But there is

one thing I think I do know: The IOA must be perceived as a

modern, open-minded, dynamic organization. Will this come to

be? Ask and talk to young people. Maybe this is one way to

attract new members.

In 2018, you can once again look forward to several well

organized and interesting events. The 27th Annual Conference

of the IOA-NIG will be held in Japan on 21st and 22nd June

2018. The "Regional Annual Conference" of the IOA-PAG in

Las Vegas (USA) is planned for 25th to 29th August 2018, and

the "Regional Annual Conference" of the IOA-EA3G in

Lausanne (Switzerland) will be taking place in autumn. These

offer many opportunities to learn from the work of colleagues,

exchange ideas and establish contacts with the industry. But

also keep in mind: Such occasions rely on the presentation of

the results and findings of your work. So present your work and

achievements at these events! Your work is well worth it!

Ozone is increasingly coming under state scrutiny and

regulation, whether we like it or not. Personal experience has

shown that the "history" of applications matters little, if

anything. Some data must be determined by means of

standardized tests. Such standardized tests are almost always

unsuitable for ozone – at least in Europe.

Furthermore, such approvals are generally associated with

significant costs. Costs which someone ultimately has to bear.
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WHITE ROCK MOVES FORWARD WITH WATER TREATMENT

PLANT FOLLOWING STUDY BY WORLD-CLASS SCIENTISTS

Following a pilot study on water treatment technologies, the

City of White Rock, BC, Canada will move forward with a

water treatment plant to significantly reduce the naturally

President’s Message (cont’d) 

Thus, it will be THE challenge of the industry to ensure that

ozone does not become "priceless", but at the same time that

the margins necessary for industry can be achieved.

We are looking forward to an exciting future with many

challenges but also opportunities. Let us tackle it with

optimism and achieve success.

I have written quite a bit, haven't I? Do you see things

differently, or do you have any ideas or suggestions?

Then please do not hesitate to contact me! I welcome all

feedback from members, including constructive criticism.

In closing, I would like to wish you and your family a happy

and successful 2018.

Berhnard Paolini

IOA President 2018-2019

Industry News
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After completion of the pilot plant study and analysis of the

collected data, a report was prepared that included all the

treatment processes considered in the experimental project.

The report will be made available on the website shortly. 

“Water chemistry can be unique from one site to another which

is why thorough research must be conducted to ensure that the

treatment processes we put in place for White Rock are right

for our water,” said Dr. Saad Jasim, Manager of Utilities with

the City of White Rock, and President-Elect of the International

Ozone Association. “We base our actions and

recommendations regarding water quality on science, data, and

research which is held to international standards. By partnering

with RES’EAU WaterNET and through the testing of various

technologies and processes, I am confident that we have

achieved a solution which will provide White Rock residents

with an even higher quality of drinking water for years to

come.” 

The contract for the design and build of the water treatment

plant was awarded in November 2017to NAC Construction

Ltd. at a cost of $12,611,000. The water treatment plant is

expected to be in operation in 2019. 

occurring arsenic and manganese levels in the water. 

The water treatment plant will blend the water from the City’s

seven wells and provide the treatment processes required to

ensure that the same high-quality water will be achieved

throughout the City. 

To remove both arsenic and manganese, the treatment process

best for White Rock will be pre-oxidation with ozone followed

by oxidation/filtration followed by adsorption for the removal

of both manganese and arsenic. This process will also remove

naturally occurring ammonia and iron. 

The research and data which supports this option was

conducted over the last few months by City Staff and

RES’EAU WaterNET, a research group based at the University

of British Columbia with a network of 18 world-class scientists

from 8 universities across Canada. This collaboration included

investigating the efficacy of different technologies to provide a

successful and sustainable solution to address the water quality

parameters of concern. 

Industry News (cont’d) 



SUEZ COMPLETES ACQUISITION OF GE WATER

SUEZ announced that, together with Caisse de dépôt et

placement du Québec, it has completed the acquisition of GE

Water & Process Technologies. SUEZ has set up a Water

Technologies & Solutions (WTS)business unit.  

Heiner Markoff, former president and CEO of GE Water will

be heading up the new division. 

WATER ENVIRONMENT & REUSE FOUNDATION AND WATER

RESEARCH FOUNDATION MERGE

The Water Environment & Reuse Foundation (WE&RF) and

Water Research Foundation (WRF) announced that their

respective boards voted unanimously to integrate the two

organizations into one research foundation on October 10,

2017.

Beginning on January 1, 2018, the new organization will be led

by a single board of directors comprised of the directors from

the two organizations with co-chairs Chuck Murray and Kevin

Shafer and co-CEOs Melissa Meeker and Rob Renner. The new

organization will be called “The Water Research Foundation”

and will have approximately 1,200 subscribers, 2,300 research

studies, and a $700M portfolio.

NEWS IN BRIEF

 Trussell Tech has added two members to their team:  Jeff
Noelte will be located in the Pasadena Office and Keel

Robinson will be located in the Oakland office.

 Mazzei Injector Company has brought on two additional
firms to represent and market their products:

Environmental Improvements, Inc. (EI2) will represent

Mazzei in Texas and Oklahoma; EnviroSales of Florida

will represent Mazzei in Florida.
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Industry News (cont’d) 



AQUA-AEROBIC OFFERS ELECTROZONE™

The Aqua ElectrOzone™ ozone generation system is designed

for safe operation and effective treatment and a reliable

treatment solution with a proven track record. The Metawater

MicroGap™ dielectric core technology is precision engineered

for high dimensional accuracy allowing for consistent ozone

generation, extremely low failure rates and efficient cooling. 

The Aqua ElectrOzone is ideal for potable water treatment,

wastewater/water reuse and industrial applications that require

ozone treatment for taste and odor control, bleaching/color

removal, oxidation and disinfection. For smaller applications,

the Aqua Electrozone M-Series is a modular system capable of

ozone production ranging from15 ppd to 540 ppd.

For more information, visit www.aqua-aerobic.com

EUROPEAN OZONE WORKSHOP

On April 27-29, 2018 and Ozone Workshop, “Ozone in Chronic

Pain, Joint Diseases, Rheumatology and Complementary

Oncology will be held at the August-Clinic Bad Kreuznach,

Bad Kreuznach, Germany.

The conference is being conducted by:

Prof. Dr. med. Ziad Fahmy, Rheumatologist Bad Kreuznach

Prof. Dr. Olga Sonia León, Pharmacologist Havana, Cuba

Dr. med. Heinrich Habig, Biological Pain Terapy D-

Recklinghausen

Dr. med. Michael Schreiber, Internal and biological

medicine.D-Aystetten/Augsburg,

Dr. med. Aziz A.G. Aziz, Ajman UAE

Dr. rer. nat. Renate Viebahn-Hänsler, D-Iffezheim/Baden-

Baden

Drs. Viebahn, Fahmy and León are authors of the recent

Harvey Rosen Award OS&E paper “Ozone in Medicine”,

which was published in OS&E in late 2016. For contact

information, see the Meetings section of this issue.
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REMEMBERING ANNE BELL

Anne (l) in Barcelona with Paul Overbeck and Sylvie Baig

We are very saddened to report that a long-time IOA member

Anne Bell of Vancouver, BC passed away on November 10,

2917 at her home in West Vancouver. Anne was originally from

Scotland, received her degree in electrical engineering and

worked as an engineer for many years in Canada.  Ann and her

husband, John owned Bell and Reading Engineers and worked

diligently to introduce ozone to western Canada.  They were

active in the IOA Pan American board and made a major

contribution to the special issue of OS&E “ Quality Assurance

in Ozone Practice”.

Many of you will remember Anne giving the invocation before

many IOA banquets.  She had many dear friends on both sides

of the Atlantic, particularly Maggie Carlton and Robin

Lowndes and will be sorely missed.

OREC PRINCIPALS GATHER FOR 25 YEAR REUNION.

OREC Reunion!  25 years later the team that all worked at

Ozone Research and Equipment Corporation got together for a

yearly luncheon.  Amazingly everyone with the exception of

the recently retired “Paul Overbeck” is still supporting ozone

and spreading the ozone message to the world.  Even better

Paul, Ron, Robert, and John have all been valued supporters of

the IOA and we thank them all for their contributions!  We meet

yearly around the holiday to catch up on things and enjoy the

friendships developed!

Visiting together 25 years after OREC:                            

John Overby (Ozone Water Systems)

Ron Caron (Caron Financial)

Jim Jackson (Mazzei Injector Corp.)

David Smith (Ozone Water Systems)

Robert Miller (Ozone Water Systems)

Steve Hutchison (Ozone Water Systems)

Paul Overbeck (Retired!)
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IOA News 

Mitsubishi Electric Corporation
2-7-3, Marunouchi, Chiyoda-ku, Tokyo 100-8310, Japan

Call us or visit our website to learn more: 
http://www.mitsubishielectric.com/products/public/
Phone: +81-3-3218-2111

Ozone concentration up 
to 16% by weight 
for reduced oxygen 
usage and lower 
operating cost. 

Mitsubishi Electric 
ozone generators meet 
the growing demand by 
water and wastewater 
treatment plants for 
systems that offer low initial cost, 
high operational efficiency, low maintenance 
and low operational costs. Our ozone generators are characterized by:

• Reduced oxygen consumption
• Reduced power consumption
• Compact, skid-mounted design

• Smaller ancillary equipment
• Reduced dissolved oxygen in  
 finished water

Reliable, Cost-Efficient,
High Concentration Ozone Generators



www.aquaelectrozone.com    |    815-654-2501

Aqua ElectrOzone™ 
SAFE AND EFFECTIVE OZONE TREATMENT

A RELIABLE SOLUTION WITH A PROVEN TRACK RECORD 
The Aqua ElectrOzone™ ozone generation system is an ideal solution for water, wastewater and industrial applications 
requiring taste and odor control, bleaching/color removal, oxidation or disinfection. The system features advanced 
Metawater MicroGap™ glass lined dielectric core technology. Stainless steel elements are precision engineered for high 

• Robust Design for Long Life Dependability
• Power Savings with Reduced Discharge Gap
• Low Harmonics with Solid State Pulse Width Modulation Power
• Low O&M Costs and Simple to Operate
• More than 800 Installed Units, Worldwide

Wylie, TX
Treating 770 MGD

One of the World’s Largest Drinking
Water Plants Using Ozone.
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Ozone News ran across this article which was published in J.

Phys. D: Appl. Phys 50 (2017) 051001. Dr. Kogelschatz was a
long-time member of the Editorial Board of Ozone: Science &
Engineering and made major contributions to the development
of ozone generators. Dr. Kogelschatz offered a keynote address
on the developments in ozone generation at the Strasbourg
World Congress (2005).

We thought this article would be of interest to our readers and
received permission to reprint it here. © IOP Publishing.
Reproduced with permission.  All rights reserved.

Dr. Kogelschatz

This viewpoint relates to an article by B Eliasson et al. (1987 J.

Phys. D: Appl. Phys. 20 1421) and was published as part of a

series of viewpoints celebrating 50 of the most influential

papers published in the Journal of Physics series, which is

celebrating its 50th anniversary. During the production of this

article, we sadly learned of the Ulrich Kogelschatz's death on

25 June 2016. This article is published in remembrance of him

and his excellent work.

In our comprehensive model of “Ozone synthesis from oxygen

in dielectric barrier discharges” [1] we reviewed the physical

processes and the chemistry of ozone formation. Baldur

Eliasson was responsible for the numerical modeling and

Michael Hirth contributed cleverly designed experiments. The

paper was the result of a broad experimental and theoretical

research activity which started at Brown Boveri Corporate

Research (Switzerland) in 1977. We had a good team, excellent

equipment and we were given the time to investigate in detail

the electron kinetics in atmospheric-pressure oxygen. This

paper moved the field of ozone generators from a trial and error

based design to an industrial development based on insights

from modeling.

Siemens first used silent discharges, which is now referred to

as dielectric barrier discharges or DBDs, to 'ozonize' air. In a

footnote of a long paper of 1857 [2] Werner Siemens described

how he could generate the ozone by passing air through a

narrow annular discharge gap between two thin coaxial glass

tubes. He used external electrodes and a combination of a

mechanical interrupter and an inductor to produce alternating

high voltage pulses, which were high enough to cause electrical

breakdown in the air flow in the gap. The basic idea is still used

in all commercial ozone generators (Figure 1).

The first large ozone generating facilities in municipal drinking

water plants were installed before 1910 (Paris and Nice,

France, Niagara Falls, USA, St. Petersburg, Russia).

When we started our research activity we contacted various

groups around the globe that had specialized in ozone

formation: Prof Yu V Filippov's group at Lomonosov Moscow

State University, Moscow, a very competent group at MELCO

(Mitsubishi Electric Corporation, Japan), and later also the

group of Prof G Pietsch at the RWTH, Aachen, Germany. In

our experiments we realized that the filamentary nature of the

discharge was essential and that ozone was generated and

destroyed only inside the short-lived microdischarges, which

are thin current filaments that last for the duration of a

nanosecond. Each microdischarge is a miniature

plasmachemical reactor, and the properties of each one can he

optimized. We could show that in principle it should be

possible to double the ozone concentration, reduce the specific

energy by half and the size of standard ozone generators by a

factor of ten. On the technical side this required two major

changes: changing the feed gas from air to oxygen and

changing the line frequency sinusoidal feeding voltage to a

square wave current in the kHz range. This became possible

using new semiconductor power devices, and at that time this

included thyristors. With an ambitious development team, we

built these new ozone generators and Brown Boveri, a

newcomer to the field, won the ambitious competition to

deliver six large ozone generators to the 600 MGD (2270

MLD) Los Angeles Aqueduct Filtration Plant. This installation

was later considered a major milestone in industry [3].

Ozone is a powerful oxidant which can replace chlorine in

many applications. It avoids transportation and storage of

potentially hazardous chemicals because it is always produced

on the site at a rate required by the process. It decays without

residues. Main ozone applications include purification of

Viewpoint:  Ozone and beyond:  the marvelous development of Dielectric Barrier Discharges

Ulrich Kogelschatz

ABB Corporate Research, Baden, Switzerland



drinking water, treatment of waste water and pulp bleaching.

The ozone technology market is still growing fast and is

expected to reach $1200 million by 2020. Just recently the city

of Montreal, Canada, decided to build the world's largest

wastewater filtration system using ozone. It will treat 2.5

million cubic metres of water daily. Ozonation will remove

95% of bacteria, most viruses and 75% of pharmacological and

cosmetic items from the municipal waste water delivered to the

to the St. Lawrence stream. The order went to Degrémont,

which is the company that took over and further developed our

technology. The ozone generators alone require 45 MVA of

electrical power.

Apart from ozone, the DBDs are found in many applications in

non-equilibrium atmospheric-pressure plasma processes [4].

Only a few more recent developments are mentioned. When we

measured and modeled the plasma parameters inside the

microdischarges we noticed that these conditions were

comparable to those in some TEA lasers. We proposed the idea

that it should be possible to build powerful excimer lamps by

optimizing electron kinetics in pure rare gases or rare

gas/halogen mixtures and using ozone technology with DBDs

[5]. In the meantime a large number of excimer lamps, narrow-

band radiation sources in the UV and the vacuum UV spectral

range, are commercially available [6]. The most important one

is the Xe; excimer lamp with the radiation peaking at 172nm. It

has a theoretical efficiency of 70% and the best lamps on the

market reach 40%. It has the potential to replace many mercury

lamps. The 172nm photons can split oxygen or water molecules

and can excite different phosphors. Many image processing

lamps now used in scanners and copiers use this technology. A

huge market suddenly evolved for plasma displays; flat

television screens make use of miniature DBD cells in which

the Xe excimer radiation excites red, green or blue phosphors.

This market, at times, peaks at $20 billion annual sales,

surpassing the ozone market by orders of magnitude. Further

applications of excimer lamps are expected in photophysics,

photochemistry and photobiology [7].

Another important issue that we addressed fairly early, around

1990, was the plasma remediation of greenhouse gases [8]. The

idea was not only to reduce greenhouse gas emissions to the

atmosphere but to convert some of them, e.g. CO2 and/or CH4,

to more useful chemicals, for instance syngas (CO plus H2) or

a liquid fuel like methanol. Despite early encouraging results,

this problem is still awaiting an economically acceptable

solution. Major current research efforts in the EU may change

the situation [9].

An extremely fast and expanding field is that which relates to

the biomedical applications of atmospheric-pressure non-

equilibrium plasmas [10, 11]. In many cases DBDs are used in

direct contact with wounds or remote plasmas from cold

plasma jets, and they can also be driven by DBDs. Numerical

models, which look at treating reactive fluxes delivered by

DBDs to slightly wounded skin, have also been proposed [12].

Although plasma medicine is still in its infancy, some authors

believe that it may revolutionize the healthcare industry.

The most important development is most likely the improved

insight gained in the intricate physical processes inside DBDs

that was obtained in recent years. Depending on the various

conditions, DBDs can exhibit different forms. They come in

various manifestations of laterally diffused discharges to quite

regular and beautiful pattern formations which are apparently

stochastic filamentary nature [13, 14]. Even interlacing

patterns with regular switches between one half period and the

next have been reported. Advanced diagnostic tools [15] and

modeling efforts [16] have considerably added to our present

understanding. For me our early investigations in ozone

formation have started a lifelong fascination for barrier

discharges.

It is without doubt that the increased understanding of DBDs

through the recent development of the state-of-art modeling

and diagnostics will open pathways to further improvements of

existing applications and new applications of extreme

importance for our society.
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Figure 1.  Original Siemens ozone tube of 1857 (“natűrl. Gloβe” means natural size)
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Introduction

Since the invention of the ozone generators by Siemens (1857),

ozone has been successfully used for a broad range of

applications. Today, ozone is predominantly produced by

means of dielectric barrier discharges. By applying a

sufficiently high voltage between two electrodes insulated by a

dielectric in between, breakdown voltage (ignition voltage) is

exceeded, and a discharge occurs.  According Paschen’s law

the ignition voltage depends on the gas pressure and the

geometrical dimensions of the discharge gap. The presence of

the dielectric suppresses large localized electrical currents,

leading to the formation of a large number of micro-discharges

of nanosecond duration [1]. If an oxygen-containing gas flows

through these micro-discharges atomic oxygen is created by

electron impact dissociation of Oxygen molecules (see

equation 1). In a further step the atomic oxygen recombines

with molecular oxygen by means of three - body collisions

(equation 2). For a successful reaction, a third molecule is

necessary to absorb the binding energy released when the O

radical attaches to the oxygen molecule. The third molecule

could be an oxygen molecule or another gas component.

Frequently used materials in contact with the micro discharges

within an ozone generator are stainless steel (electrodes) and

glass or ceramics (dielectric). 

O2 + e- → O + O + e- (oxygen dissociation)                  [1]

O + O2 +M → O3 + M        (ozone formation)              [2]

with M = impact partner, e = electron

Oxygen sources for ozone generators are Liquid Oxygen

(LOX), on-site produced oxygen (using oxygen concentrators

such as pressure swing (PSA) or vacuum swing adsorption

(VSA)) and ambient air. Oxygen content varies from ≥ 99.5

vol% (LOX), 90-95 vol% PSA  (VSA) down to 21 vol% (Air).

LOX is produced by means of cryogenic air separation (Linde

Process [2]). The liquid oxygen is transported to the customer

in special tank trucks and must be stored in cryogenic tanks

until it is needed. The LOX is then converted back into a gas by

means of vaporizers. 

On-site oxygen concentrators work on the principle of

molecular adsorption. These systems require an adsorption

system which specifically removes most of the nitrogen as well

as compressors (PSA) or blowers (VSA) to maintain a flow

within the system. 

A typical air preparation system consists of an oil free

compressor, various filters removing impurities from the

incoming ambient air and a dryer.

High oxygen concentrations (LOX, PSA, VSA) have the

advantage of being able to produce high ozone concentrations,

leading to high ozone production capacity at reduced feed gas

flows, requiring smaller ozone generators. Special applications

requiring high ozone concentrations, e.g. semiconductor

processing, rely on feed gas with a high Oxygen content. Air is

generally used as a feed gas in locations where a steady supply

of LOX cannot be guaranteed, in small installations where air

separation is too expensive and for historical reasons.

Ultimately, feed gas choice is influenced by many factors like

the application, the particular circumstances of the operator and

on site costs for energy and oxygen.      

Independent from the feed gas type special requirements on its

quality are essential for an efficient, stable ozone generation.

Besides oxygen content, nitrogen content, water content (dew

point) and hydrocarbon (THC) content are important.

Moreover, particles cannot enter the reaction chamber in order

to prevent clogging of the narrow discharge gaps or of the

associated valves and instrumentation. As a result, filters with

pore sizes of ≤ 0.1 µm must be installed.  Since oil and grease
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easily ignite in oxygen rich atmospheres, neither oil nor grease

are allowed to contact the entire oxygen supply and the ozone

system. 

Impact of moisture on the ozone generation process

The presence of moisture inside an ozone generator reduces the

ozone yield by affecting the electrical micro-discharge

properties as well as chemical reaction kinetics. A potential

source of moisture is feed gas itself. Water molecules inside the

ozone generators plasma region form OH radicals:

O+ H2O → 2OH                                                          [3]

These OH radicals entertain a catalytic ozone destruction cycle:

OH+ O3 → HO2 + O2                                                                         [4]

HO2 + O3 → OH + O2                                                                        [5]

Moreover, water vapor forms a water layer on top of the

dielectric surfaces, increasing the dielectrics surface

conductivity. This directly leads to less, more intense micro

discharges having lower ozone yield [3]. That’s why ozone

generator manufacturers require atmospheric dew points below

– 60°C (-76°F). A dew point analyzer with well-defined alarm

and shut-down points is absolutely necessary at the inlet of an

ozone generator. 

Another, indirect source of water molecules are hydrocarbons.

High hydrogen carbon content (THC) must be avoided, since

they are converted into water by the discharge. The source of

the THC’s is predominantly ambient air. The sum parameter

THC includes all volatile hydrogen carbons. Its main

component is methane.

Methane forms also OH radicals activating the catalytic

destruction cycle described above. Water is formed as well:

OH + HO2 → H2O + O2                                                                   [6]

The critical parameter determining how much THC is

converted into moisture is the electrical surface power density

(W/cm2) within the generator’s plasma region. High power

densities directly lead to high THC oxidation rates.

The AWWA B304-13 (Liquid oxygen for ozone generation for

water, wastewater, and reclaimed water system [4]) requires

feed gas THC contents of less than 40 ppm (v/v). Typical feed

gas THC threshold levels specified by ozone generator

manufacturers are in the range of 15 to 60 ppm (v/v).

Even in cryogenic on-site LOX storage tanks seasonal

variations of the oxygen’s THC can be observed [5]. Driven by

the boiling temperature difference between oxygen and

methane, small heat leaks in these usually very well insulated

tanks lead to methane accumulating within the surrounding

LOX. Also THC contents could rise by the LOX transport. 

NOx formation in ozone generators

Nitrogen can be dissociated by energetic discharge electron

impact (see Figure 1). If oxygen and ozone molecules are

present, the atomic nitrogen is oxidized to nitrous oxides,

finally yielding N2O and Nitrogen in its highest oxidation state,

N2O5. Intermediate reactions are shown in equations 7- 9.

Nitrous oxide (N2O) is inert, escaping with the off gas.

Dinitrogen pentoxide (N2O5) forms a white solid that adheres

to inside surfaces of the ozone reactor. Fortunately, its presence

does not disturb the ozone synthesis. On the contrary, a thin

N2O5 layer is beneficial for stable long operation of an ozone

generator (more detailed information below). 

Figure 1. Simplified reaction scheme

Intermediate Reactions:

N+ O2 → NO + O                                                      [7]

NO + O3 → NO2 + O2                                                                     [8]       

NO2 + O3 → NO3 + O2                                                                    [9]                   

Dust sputtered form the stainless steel electrode components in

contact with the micro discharges cathode fall regions, mixing

with the white deposit, may give the N2O5 layer a brownish

appearance (see Figure 2). 

Nitric acid formation in ozone generators

If humidity is added, N2O5 is converted into nitric acid, forms

a sticky brown film on the dielectric tubes (see equation 10). 
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N2O5 + 2H2O → 2HNO3                                                               [10]

A second reaction is mentioned in literature. In a fast radical

reaction nitrogen dioxide and a hydroxyl radical form nitric

acid [6].

NO2 + OH →HNO3                                                                           [11]

In the worst case, the discharge gap gets clogged almost

completely. Furthermore, the ozone generators inside surfaces

will be attacked by the acid, leading to vessel corrosion.

Excessive production of nitric acid, acting as an electrolyte,

may lead to electrical arcing inside the ozone vessel, causing

fuses designed to protect the electrodes, to blow [6]. In the

worst-case scenario, even dielectric failure could result.

Therefore nitric acid formation is another strong reason why

moisture should never be allowed to enter an ozone generator. 

Nitrogen addition

It is well known that a small amount of nitrogen in the feed gas

is required to ensure that the generator runs at its optimum

efficiency and capacity for an extended period of time. Without

nitrogen in the feed gas, ozone production can cease within

several hours of operation (zero ozone phenomenon (OZP)).

This effect is discussed in literature. It is concluded that OZP is

caused by ozone decomposition on the electrode surface [7]. In

the presence of nitrogen oxides, the electrode surface is

covered by the fully oxidized N2O5, inhibiting the ozone

decomposition reaction.  Beside the thickness of the absorbed

N2O5 layer, surface conditions of the electrodes are a very

important as well [8]. The higher the electric discharge power

density, the faster OZP occurs [9]. The OZP can be reversed at

any time by dosing nitrogen. The ozone concentration rises

from zero within a few seconds to its nominal value.

As a result, in case of pure oxygen feed gas (99.95 vol% or

higher), admixture of a small dose of nitrogen is absolutely

necessary. The recommended dose of nitrogen admixture

varies between different ozone generator manufacturers,

ranging from 0.07 vol% to several percent. Dependent on the

recommended dose, nitrogen boost skids used can be quite

different. The simplest systems just add dried and filtered air.

Bigger systems use nitrogen bottles or even nitrogen tanks. It is

of utmost importance that no moisture is introduced into the

ozone generator by the nitrogen dosing system.

An important parameter determining the required amount of

nitrogen in the feed gas is the electrical power of the discharge

divided by the dielectrics surface area. The lower the surface

power intensity, the lower is the needed amount of nitrogen in

order to sustain a sufficiently thick N2O5 protection layer. A

consequence of a low nitrogen oxide production rate is a

strongly reduced risk of clogging by a sticky nitric acid layer.

Furthermore smaller nitrogen boost skids can be used, resulting
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Figure 2. Deposits on an ozone electrode



in lower capital expenditure. Multi-gap systems inherently

possess particularly low surface power intensities, since both

sides of the dielectric tube are in contact with the discharge

plasma.

Stable feed gas content

Continuous control of feed gas quality is highly recommended,

as the following cases illustrate. In the first case, a strongly

fluctuating oxygen content occurs (Figure 3), causing a

problem for the ozone generator. At low oxygen levels, the

generator needs more energy to produce the same amount of

ozone. In the worst case scenario, the ozone generator runs into

the ozone concentration saturation limit at a given low oxygen

content (nsat)( see Figure  4), ramping up the discharge power

in a futile attempt to produce more ozone.  Unfortunately, it

only produces more N2O5 until the discharge gap clogs. The

saturation point depends on the ozone generators design and on

the operation conditions. At high cooling water temperatures

and low oxygen content, ozone saturation is significantly

lowered, such that the saturation concentration is reached

earlier. In the second case moisture has reached the ozone

generator by means of the feed gas (see Figure 5). The dew

point has achieved a value of nearly 0°C (32°F). All N2O5 has

been converted into nitric acid. 

Maintenance of electrodes

Subsequently, ozone generators should only be opened and

cleaned in case of a significant decrease of ozone yield, which

is a noticeable through a strong increase in power consumption.

Beforehand, all other factors like lack of feed gas quality must

be excluded as cause of performance degradation. When

opening an ozone generator to ambient, air humidity

immediately diffuses into the dry generator, penetrating the

N2O5 layer and rapidly forming the sticky film described

above. Note that a discoloration of the dielectrics does not

mean that the electrodes need to be cleaned right away. Never

open a running system, ESPECIALLY a system that runs

according to specs! Therefore, it is also not advisable to use any

wear parts, which must be replaced regularly in the ozone

generator.

In downtime periods the ozone generator is to be sealed at a

pressure higher than atmospheric pressure to prevent any

ambient humidity from entering the ozone reactor.
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Figure 3. Fluctuation of the oxygen content in the feed gas

(Observed in the field)
Figure 4. Efficiency curves of ozone generators

Figure 5. Fluctuation of the dew point [oC] in the feed gas

(observed in the field)



Our experience with many ozone systems in the field clearly

shows, that ozone generators can run many years, even

decades, delivering stable production ozone performance,

without requiring any special electrode maintenance, as long as

the feed gas specifications are observed. 

Conclusion

Sometimes operators are irritated by the deposits on the glass

dielectrics which are composed of nitrogen oxides and

sputtered stainless steel dust particles. Under normal operation

such coloration is absolutely normal, and neither the vessel, nor

the electrodes need to be cleaned. On the contrary, it’s a sign

that the ozone system is operating well. In case of pure oxygen

feed, nitrogen dosing is necessary, but the motto “less is more”

should be adapted.  Achieving a very low dew point is critical

and requires regular and thorough maintenance of the dryers

and associated systems. Be aware of the feed gas preparation

system! As long as the feed gas parameters are within specs,

ozone generators can run many years, even decades without

requiring any special electrode maintenance. In case of subpar

performance of an ozone generator, all other possible causes

have been excluded, before the ozone generator is opened. 
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NEW IOA MEMBERS

The International Ozonation Association takes great pleasure in welcoming our new members!
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2018

June 21-22, 2018, Japan Ozone Association Annual
Conference, University Bachelor Hall, Hiroshima University,

Hiroshima, Japan. Call for papers is open.  For more
information, visit www.j-ozone.org. 

August 20-22, 2018, IOA Pan American Group Regional
Annual Conference, South Point Hotel & Casino, Las Vegas,

NV.  For more information: Visit: www.ioa-pag.org

Fall, 2018, IOA EA3G Group Regional Annual Conference,
Lausanne, Switzerland. For more information, visit www.ioa-
ea3g.org. 

2019

August 25-29, 2019, IOA Pan American Group Regional
Annual Conference, Buckhead Marriott Hotel, Atlanta, GA.

Information: www.ioa-pag.org.

October 25-29, 2019, IOA 24th World Congress, Nice France.

Future information will be available in Ozone News or

www.ioa-ea3g.org.

2018

February 26-28, 2018, 2018 IUVA Americas Conference,
Redondo Beach, CA.  Call for abstracts, due November 17,

2017.  For more information, visit www.iuva.org

March 12-15, 2018, AWWA Membrane Technology Conference
and Exposition, West Palm Beach, FL.  Information:

www.awwa.org

March 12-15, 2018, AMTA/AWWA Membrane Technology
Conference and Exposition, West Palm Beach, FL.

Information: www.awwa.org

March 26-29, 2018, WQA Convention & Exposition, Colorado

Convention Center, Denver, CO.  Information:  www.wqa.org

April 10-12, 2018, AsiaWater 2018, Kuala Lumpur, Malaysia.

Information: www.asiawater.org

April 22-25, 2018, Advanced UV for Life Consortium and

Upcoming Meetings of Other Organizations

Upcoming IOA Meetings
IUVA Joint International Conference, UV LED Technologies &
Applications Conference, Meliã Hotel, Berlin, Germany.  For
more information, visit www.iuva.org

April 27-29, 2018, Ozone Workshop:  Ozone in Chronic Pain,
Joint Disease, Rheumatology and Complementary Oncology,

August-Clinic Bad Kreuznach, Bad Kreuznach, Germany. This

2 ½ day workshop will include a visit to the Radon Mine. For
more information, contact info@ozongesellschaft.de.

May 6-8, 2018, 2018 Water Research Foundation Conference,
Westin Peachtree Plaza Hotel, Atlanta, GA. Information:
www.werf.org
May 14-18, 2018, IFAT Munich 2018, Munich, Germany.
Information:  www.ifat.de

June 11-14, 2018, AWWA Annual Conference & Exposition
(ACE 18), Las Vegas, NV.  Information: www.awwa.org

July 8-12., 2018, Singapore International Water Week, Sands

Expo & Convention Center, Marina Bay Sands, Singapore.

Information: www.siww.com.sg

September 4-8, 2018, Aquatech Mexico 2018, World Trade

Center, Mexico City, Mexico.  Information:

www.aquatechtrade.com

September 16-21, 2018, 2018 IWA World Water Congress &
Exhibition, Tokyo International Exhibition Centre (“Tokyo Big

Sight”) Tokyo, Japan.  Information:

www.worldwatercongress.org

September 29-October 3, 2018, WEFTEC 2018, New Orleans

Moria Convention Center, New Orleans, LA.  Information:

www.weftec.org

October 28 – November 2, 2018, 2018 AIChE Annual
Meeting. David L. Lawrence Convention Center, Pittsburgh,

PA.  Information:  www.aiche.org

October 31 – November 2, 2018, 2018 International
Pool|Spa|Patio Expo, Mandalay Bay, Las Vegas, NV.

Information:  https://poolspapatio.com/

November 11-15, 2018, AWWA Water Quality Technology
Conference, Toronto, ON, Canada.  Information:

www.awwa.org

2019

February 3-6, 2019, International Ultraviolet Association
2019 IUVA World Congress, University of New South Wales,

Sydney, Australia. Call for abstracts will be issued in early

2018.  For more information: www.iuva.org/2019-World-
Congress. 
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