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A robust and innovative electrolytic hydrogen peadexgeneration technology, ™ has

Systems, LLC

Turn-key operation, modular system scales to agiidio.

capabilities.

been developed &itron Research & Development Incand is now offered throudgltron Water

Provides an on-site hydrogen peroxide source foemieeatment and cleanser generation.

Combining ™ with an ultraviolet or ozone system provides adeal oxidation treatment

The use of hydrogen peroxide B}) for processed water treatment applications has hampered by high
cost (compared to other disinfectants) and hazafrtteansport, handling, and storage of high conedion
peroxide (typically 35—70% by weight). Howeves itse is desirable to replace chlorine in disindacto
eliminate the discharge of chlorine residuals amdrinated byproducts from water treatment openatio
Ultraviolet (UV) radiation treatment is convenieamtd inexpensive, but is confined to the point & (10
residence time) and its effectiveness is seveiraiydd by water with high dissolved solids and tdity. The

use of ozone is effective in many applicationd, dan be overly aggressive Q
corrosive to equipment and its lifetime severelyitéd at high temperatures
Exposure to ozone is also a health hazard andytrena must be taken to avoi
releases and destroy residuals. Use »0hth advanced oxidation processes th
combine ultraviolet (UV), ozone or transition medativation of HO, to form the
very powerful, but short-lived hydroxyl radicahmich desired, but also hampere
by cost, distribution, and handling issues.

The anthraquinone process (a two-step catalytimatad process) is the standar
large-scale industrial process for makingOklin bulk. The direct reaction of
hydrogen and oxygen at a catalyst is another lacgée, but relatively new
industrial process still being developed as a pcbdn method. Electrolytic
production of HO, (by electrolytic reduction of oxygen with water) the large
scale in a centralized plant has been conductedustic brine using specialize
trickle-bed reactors.

Anthraquinone Process
(0]

Seoy

o)
H, l catalyst

HO
™
HO
0, l catalyst
@
I
SO0K
o

+ H,0,

Other high-performance electrolytic processes haeen developed thal
incorporate gas diffusion electrodes and anion axgh membranes in the react
design, but have yet to become established aseviablustrial methods for
peroxide production or delivery due to high maisrieost (precious meta
catalysts), high assembly costs (labor intensivi) lang-term stability issues
(anion exchange membranes are rapidly degradedr uedeired operating

conditions).

Electrolytic Process

H,O0 — 2H* + 1/20, + 2e-
Anodic Reaction

2H*+ 0, + 2 — H,0,
Cathodic Reaction

ELTRON RESEARCH & DEVELOPMENT INC. - 4600 Nautilus Court South - Boulder, Colorado 80301-3241
Telephone: (303) 530-0263 - Fax: (303) 530-0264 - e-mail: eltron@eltronresearch.com

Copyright © 2007 Eltron Research and Development Inc. All rights reserved.



AV AV AN
TECH BRIEF Eltron Research

& Development

#

Current methods for generating® require large, centralized industrial facilitiegich dictates that 3D, be
distributed by truck or rail to points of use. Tdistribution, handling and storage of concentraigd, have a
number of associated hazards and regulations igte is little desire among users to handle varatdous
concentrations (50-75%). The distribution gE:to remote locations is a significant liability istributors
and increases cost for isolated water treatmenéamdonmental remediation operations. All ofsdhéssues
are hurdles that make,8, use less prevalent or impractical.

The safety and security of municipalities, chemfaallities and power plants has become a top ityitor
domestic programs such as the Department of Hoh&aourity. On-site generation of chemical prosibets
become a very attractive alternative to rail darsker trucks and tank farms loaded with highlyaowaterials.
Large quantities of hazardous materials travadingjored in heavily populated areas presentsadeegels of
risk to harmful and lethal exposure in the everarofuncontrolled release, accident or terrorist &nt-site
generation of disinfectants and strong oxidizarshsas HO,, can help reduce these risks while maintaining
facility operations and increasing public and workafety.

Most water treatment applications angltbased cleansers utilize low concentrations of biyeln peroxide
(1-1000’s mg/L) at the point of use. This makes thistribution of concentrated hydrogen peroxide
unnecessary if a viable;8, production/delivery method can be found. Conwvetréédternatives to bulk 30,
production and distribution have not yet been bhbtig market due to many technical issues withitiacal
reactor designs, process control, product recoamedypH balance.

$

Eltron has developed a turn-key, mobile electroly@ichnology, ™ which generates 4@,
conveniently on-site for a variety of water treatitp@dvanced oxidation and cleansing applicationsis
technology requires only water, air (or molecutgygen) and electricity as consumables for watettnent
and allows pH to be controlled for a variety of bigagions. The ™ technology can be operated
in flow-through mode for direct treatment at low,(4
concentrations (<100 mg/L) or recirculated in batebde to
build up higher concentrations (up to 4500 mg/Ilnaantration
limit dictated by electrolyte strength and pH). e bulk
catalytic production methods, Eltron’s electrolyfiocess is
virtually insensitive to temperature and can opeoater a wide
temperature range, as high as 55 °C.

Electricity

Eltron’s ™ technology provides a different method faG4 delivery at the point of use that
eliminates distribution costs and hazards assatiatth handling and storage. There are also navkno
regulatory issues for this source of®d since the feedstocks are water and air and B ebncentrations
produced are less than 3%. Water treatment dagds,concentrations and production rates are dictaged b
the particular application and process conditiddesveral ™ applications and specifications for
effective HO, use have been developed at Eltron including:

Disinfection/Sterilization: Eliminates 99.99 to >99.99999 % (4 to >7 log kilf)a wide variety of
bacteria includindB. subtilis B. stearothermophilysC. freundj E. cloacaeS. epidermisk. coli, and
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iodine resistanP. cepacia EliminatesE. coli, S. epidermisB. subtilisand thermophili@. cereudrom
dairy filter membranes and filter apparatus.

Organic Contaminant Destruction: Reduces non-refractory organic carbon levels fs@mg/L to
<1 mg/L in simulated waste streams.

Biofouling Mitigation: Removal of biofouling in filtration units. Flusecovery superior to filter
manufacturer cleaning protocol. Demonstrated &ffecess in ultrafiltration of grey water and chees
whey processing applications. Control of algalvgto for recirculated water and cooling tower
applications.

Ballast Water Treatment: Demonstrated effective and rapid eliminationrafasive non-indigenous
marine species, including mixed zooplankton, b&xtéf. hollisag, and pathogenic molds (QPX).
(Biol. Bull. 201: p. 297-299, October 2001).

Freshwater Treatment: Direct flow-through treatment of clean water (820g/L dissolved solids) with
1-10 mg/L residual §D, at any pH.

# " #

The discharge of marine vessel bilge and ballasemapon destination
arrival can seriously contaminate the surroundowsgstems with invasive
aquatic nuisance species (ANS) from ballast water grey/black water
effluents with high chemical oxygen demand (COD)ldgical oxygen

demand (BOD) and high bacterial counts. During ltks century the
problem has been dramatically accelerated witlathvent of modern high-
speed freighters and their methods of ballast veatelnange. Transport an
discharge of contaminated ballast water constitate®jor route by which
potentially invasive species are introduced inghhraffic marine and fres

waters world-wide. The most problematic organismbe controlled are
bacterial, planktonic, and egg or larval stagdsgiier organisms as these al
not removed during water intake pre-filtration. elihtroduction of the zebrs
mussel into the waterways of the Great Lakes pesvadwell publicized and
sobering example of both the economic and ecolbgiss associated with
such invasions. Thus, prevention of initial conitzation is paramount.

The ™ technology can mitigate numerous potentially giva
species by injecting low concentrations of hydrogeroxide directly into
ballast water as it is loaded into a vessel. Réfictests conducted by th
Marine Biology Lab (Woods Hole, MA) in collaboratiowith Eltron
Research & Development verified broad effectivernd$$,0, to kill algae,
fish, invertebrates, planktonic species and badtemicro-organisms.
(Biol. Bull.201: p. 297-299, Octob@001) Introduction of 10 mg/L H,O,
into seawater provides effective treatmenégainst a wide variety of biological organisms wwitthe first
200-400 minutes of contact time. The corrosivenéssawater with this level of,B, was also confirmed to
not exceed that of natural dissolved oxygen and Heusafe for ship-board use.

For this application Eltron Research & Developméesigned, built and demonstrated a prototype flow-
through ballast water treatment (BWT) system wiith t ™ technology. The ™

BWT system is capable of processing 6500 gph (&#/B) consuming <0.7 kW and producing nearly 25
mg/L H,O, concentration in a single pass while keeping thipwut pH below 9. This system’s output will
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need only a 5-fold increase to be capable of BWTafemall ocean vessel (ballast water pumpingnase
66,000 gph, 250 fth) with 10 mg/L HO..

n ! %

Treatment of cooling tower water for control of nabial growth is important to minimize the costtaaning
fouled heat exchangers and circulation lines. @bof biofilm growth is very important to minimizdirect
biological corrosion of surfaces and indirect ceivo caused by metabolizing corrosion inhibitdEéfective
treatment also reduces occupational hazards ofsexedo infectious and pathogenic bacteria (such as
Pseudomonas aeruginoaadLegionella pneumophi)aand extremely high bacterial counts (>30FU/mL)

in cooling tower blow-down. There is also mucleiest shown for reducing the number of chemicalueds

in blow-down that must be treated as chemical whsefere discharge, which is another significantt cos
burden.

Hydrogen peroxide delivered by the ™ technology has beer
shown to beeffective at controlling growth of vegetative or sme
forming organisms that lead to foulingsuch as alga€hlorella vulgaris,
Nannochloropusand bacteria (species$eudomonastaphylococcuys
Enterobactey. Several species &fseudomonasuch a$. cepaciaare
especially problematic in that they readily gaisistance to chlorine ang
other halogen-based disinfectants. These speeiesfaund to be readily
killed with low levels of HO,. Microorganisms that have much high
resistance to antimicrobials are fun@ahdida, Aspergillis spores and
especially spore-forming bacteridgcillus Clostridium). The use of low
H,O, concentrations again€. albicans A. niger, and B. subtilus(a
thermophile) was also found to be effective depegddn treatment
conditions.

While hydrogen peroxide serves as a biocide, @ edeases bubbles o
oxygen as it is consumed. Gas bubble generatidoudéd surfaces
enhances turbulence and cleaning action to breabiafipms and even
scale on heat exchange surfaces. The end resudires efficient cooling
tower operation, which translates into lower watensumption, lower|PErRoXEGEN™ Demonstration
power consumption and reduced microbial emissions. System

A ™ cooling tower water treatment system has been dewgled The flow-through treatment
process is compatible with the pH range (pH 6—&) compatible with many common corrosion inhilsitor
including molybdate and phosphates. Side-strepattian concentrations ofJ, (<10 mg/L) are well below
the corrosive levels of dissolved oxygen and bimlalgorganisms. The demonstration system illustrat
(2 ft x 3 ft) is capable of producing 13-20 Ibs/rtion

% & !

The cleaning of filter plants used in dairy anddg@oocessing is both costly and time consuminghérdairy
industry it is necessary to clean and disinfet#rfd, tanks, pipes and other process equipmentaityebasis.
Filter plant cleaning is conducted by a seriesaofstic and acid flushes followed by treatment withicrobial

disinfectant. The holdup volumes of typical lafiger plants are as much as 2000 gallons repraggat
significant investment in filter plant maintenané&esent technology dictates that cleaning solstioust be
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prepared from chemical concentrates (acids, castigfactants, and a disinfectant) that are haeartb

handle, can be expensive, may be too harsh onrfikenbranes (reduce membrane life), and may siviige

incomplete removal of foulants leading to greatemhrane replacement costs and equipment down Tihe.
large volumes of spent cleansers created oftentighéiological oxygen demand (BOD) that mustrbated
prior to municipal discharge. Additionally, the

economic replacement of chlorine as a disinfedsnt
needed as discharge of chlorine residuals and harmf
chlorinated byproducts becomes more restricted.

Several of these cost, performance and safetysssune
be alleviated by cleansers produced by the

™ technology. A ™
cleanser production system has been developed to
simultaneously produce caustic cleansers containing
hydrogen peroxide #D, for about 1/5th the cost of
leading high performance cleansers. The only
consumables beyond water, air and electricity are
benign electrolyte salts that deliver the propéd and
caustic compositions, pH balance, and highgDtHoncentrations. Scale-up was demonstrated with a
prototype having a 500 gallon production capaditgptial with a 15 hour generation time. The systesign
is modular for scalability to specific applicaticausd can be interfaced with a clean in place (Gigtjibution
system. The cleansers are compatible with stardeeel process equipment and are safe to usdtem fi
membranes following accepted cleaning practicdearizer solutions of this type are also approvethéy
FDA. An additional benefit is the organic matedaktruction by KD, and oxygen evolved from,B, greatly
reduce BOD in discharge streams.

™ cleanser solutions containing 300-500 mg{Dkat pH 11.5-11.8 are extremely effective in
removing organic foulants and microbial growth frditter membrane surfaces and restoring membrane
permeabilitywithout the use of surfactants This also allows surfactants to be eliminatennfithe citric
acid-based cleanser produced, whapresents
a significant savings in consumables
Maintaining high filter throughput from one da
to the next is crucial to process efficienc
Whey solutions are typically concentrated fro
about 5% to 35% solids using ultrafiltration ea
day, followed by filter plant cleaning prior to th
next filtration cycle. This process was simulat
in a small ultrafiltration system comparin
conventional cleansers to the ™
cleansers, which proved to be far superior
maintaining membrane permeability. The
cleansers are also very effective in controlli
microbial growth. Biostatic conditions are
maintained for at least 5 daysafter using the

™ cleansers in the ultrafiltratio
system after concentrating cheese wh
inoculated with problematic bacterial, spore-
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forming, and thermophilic speciegdqcherichia coli Bacillus subtilus and Bacillus cereup as well as
unidentified background species.

The effectiveness of ™ for freshwater/drinking water treatment (anddoy of the applications
mentioned earlier) can be greatly enhanced by gdtlio an existing UV or ozone treatment systeréate
an advanced oxidation system. This treatmentsyai#l provide a unique and very powerful capalkifibr
organic destruction and microbial disinfection whiemaining economic and convenient to use. THis w
provide a convenient method for significantly imyirg taste and odor in drinking water containingagety

of organic and inorganic contaminants. The contimnaf hydrogen peroxide and UV radiation to proglu
the short-lived hydroxyl radicals (<1 sec lifetimgovides three very effective organic, inorgardaond
microbial destruction methods into a single systieat can be operated in batch or flow-through sicg
modes.

The primary advantage of a combined ™.UV advanced oxidation process is there are no
chemical residuals, only water and oxygen as byetsd which is desirable for potable water and fgratie
use. The primary advantage of a ™.-0Ozoneadvanced oxidation process is the residence time o
peroxide and ozone to travel to the point of usedistribution system before fully reacting torfonydroxyl
radicals. This is desirable for remediation appi@e such as soil flushing. The ™ gystems
shown in the figures above are capable of 15,0@0d@monstration unit) and 86,000 gpd (pilot umitiable
water treatment capacity for the ™.-UV advanced oxidation process.

: ( $ = )

*

On-site source of hydrogen peroxide eliminatessgart, handling, storage issues, and
regulations

Mobile, turn-key operation

Consumables and system utilities are water, actetity

Operating temperature up to 55 °C

Direct treatment of water in flow-through or battledes

No harmful chemical residuals

Generates cleansers that are effective withouastarnfits, eliminates chlorinated byproducts
and reduces BOD

Wide variety of water treatment, cleanser genemadiod remediation applications is further
expanded with a combined advanced oxidation process

Modulai; scalesfor a variety of applicatior

Principal Investigator: Wayne E. Buschmann, Phdbief Scientist
Sales: Peter Hagaphagan@peroxegen.com
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